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Leonard Jack, Jr, PhD, MSc, Editor in Chief

Preventing Chronic Disease (PCD) is committed to providing op-
portunities for future generations of researchers to contribute to
public health and develop critical writing and reviewing skills.
Since its introduction in 2011, PCD’s Student Research Paper
Contest has been a success; each year the journal receives
manuscripts prepared by students from around the world, and the
number of entries continues to increase. This year, PCD set a re-
cord of 72 student submissions. With so many entries, we decided
that the only fair way to judge the submissions would be to estab-

lish 4 winning categories by level of education: high school, un-
dergraduate, graduate, and doctoral. This year’s submissions ad-
dressed a range of topics related to the screening, surveillance, and
use of population-based approaches to prevent and control chron-
ic diseases and focused on such health conditions as arthritis,
asthma, cancer, diabetes, cardiovascular health, obesity, depres-
sion, and others.

Goals of the PCD Student Research
Paper Contest

There are 5 primary goals of PCD’s Student Research Paper Con-
test:

* Provide students with an opportunity to become familiar with a
journal’s manuscript submission requirements and peer-review
process

+ Assist students to connect their knowledge and training on con-
ducting quality research with a journal’s publication expecta-
tions

+ Develop students’ research and scientific writing skills to be-
come producers of knowledge rather than just consumers of
knowledge

* Provide students with an opportunity to become a first author on
a peer-reviewed article

* Promote supportive, respectful, and mutually beneficial stu-
dent—mentor relationships that strengthen students’ ability to
generate and submit scholarly manuscripts throughout their pro-
fessional career

Developing Critical Skills in Research
and Scholarly Publishing

Conducting sound research and summarizing findings for a schol-
arly publication requires patience, resilience, sound ethical judge-
ment, and scientific writing skills that meet a journal’s high stand-
ards. PCD recognizes that this process can be both an exciting and

The opinions expressed by authors contributing to this journal do not necessarily reflect the opinions of the U.S. Department of Health
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an anxiety-producing experience for student authors. PCD
provides guidance and support through every stage of the publica-
tion process to help student authors gain experience and confid-
ence. PCD’s website offers comprehensive guidance to authors in
preparing manuscripts for submission, including helpful submis-
sion checklists, detailed descriptions of various article types and
requirements, and guidelines on structuring abstracts and creating
tables and figures from the AMA Manual of Style: A Guide for
Authors and Editors, 10th Edition (1).

The contest also helps students during the early stages of their aca-
demic career in working with colleagues and responding to cri-
tique. In preparing their manuscripts, students have an opportun-
ity to work with mentors to explore the public health landscape
and identify original ideas that contribute to public health. The
peer-review process student manuscripts undergo at PCD allows
students to talk about appropriate ways to respond professionally
to feedback. Novice authors can be discouraged by negative feed-
back, but through the peer review and revision process students
learn the value of feedback in strengthening their arguments, clari-
fying their narrative story, and gaining knowledge and insight
from peer reviewers who are subject matter experts in their field.

Another key aspect of the contest is helping students gain a great-
er understanding of the ethical parameters of peer-reviewed re-
search, so that they develop good judgement in presenting and in-
terpreting data. Students work with their mentors to better under-
stand what it means to execute sound ethical judgement. PCD en-
courages and facilitates these conversations by providing guid-
ance from the American Medical Association, the International
Committee of Medical Journal Editors, and the Committee on
Publication Ethics on topics such as duplicate publication, defini-
tions of authorship, conflicts of interest, copyright and permis-
sions, institutional review board approval, differences between
honest scientific errors and research misconduct, and a detailed
understanding of a peer-reviewed journal’s process for respond-
ing to allegations of possible misconduct.

And finally, every stage of PCD’s Student Research Paper Con-
test requires students to take responsibility in responding to dead-
lines. Students must submit their manuscript to PCD on or before
the due date, respond to feedback from peer reviewers and the ed-
itor in chief, and work with PCD’s experienced staff of technical
editors through all stages of editing and production. Manuscripts
may undergo multiple rewrites as students respond to comments
and suggestions related to the strengths and weaknesses of their
study, statistical tests used, presentation of data in tables and fig-

ures, accuracy of data analyses, and implication of the study’s
findings on public health research and practice. In advancing
through these stages and meeting these deadlines, students devel-
op two of the most critical skills of successful public health pro-
fessionals: patience and persistence.

Contest Categories and Stages of Review

This year’s winners in the high school, undergraduate, graduate,
and doctoral categories should be commended for demonstrating
maturity and professionalism throughout this comprehensive and
intense manuscript submission and review process. PCD’s student
papers progress through 6 stages. First, the editorial office screens
entries to determine whether they meet contest requirements. In
the second stage, the editor in chief reviews the entries to determ-
ine whether they align with the journal’s mission and vision and
are of high enough quality to advance to the third stage. In the
third stage, members of the PCD editorial board identify which
submissions should be considered as potential winners for the
various categories. Submissions not advancing as potential win-
ners are assigned to PCD’s standard peer-review process, so that
those students still have an opportunity for publication. In the
fourth stage, the editorial board conducts a comprehensive review
of a few selected manuscripts and provides feedback to the stu-
dent contestants, who then must address the feedback and submit a
revised manuscript. In the fifth stage, the editorial board assesses
the revised manuscripts to identify which should be selected as the
winner in each category. Editorial board members must provide
strong justifications to support their selections to the editor in
chief, who makes the final decision. The sixth and final stage is
notifying authors of winners. In addition to having an article pub-
lished, winning authors are featured through a PCD podcast, “PCD
Sound Bites,” to discuss key aspects of their research. PCD also
mentors winners by providing an opportunity for them to become
a reviewer and serve on a selection panel for the next year’s con-
test.

2017 PCD Student Research Paper
Contest Winners

PCD identified 5 winners in the 2017 Student Research Paper
Contest. Two entries were selected as winners in the doctoral cat-
egory. In one, Pacheco and colleagues conducted a study that fol-
lowed a cohort of 673 participants in Chile from infancy to adoles-
cence to understand the association between early obesity and risk
of metabolic syndrome in adolescence (2). Researchers found that
the age of onset of obesity is a strong risk factor for metabolic syn-
drome. In the other winning entry, Arlinghaus and colleagues con-
ducted a 6-month obesity program for Hispanic middle school stu-
dents in Houston, Texas, to determine the feasibility of using high

The opinions expressed by authors contributing to this journal do not necessarily reflect the opinions of the U.S. Department of Health and Human Services,

the Public Health Service, the Centers for Disease Control and Prevention, or the authors’ affiliated institutions.

2 Centers for Disease Control and Prevention ¢ www.cdc.gov/pcd/issues/2017/17_0431.htm


www.cdc.gov/pcd/issues/2017/17_0431.htm

PREVENTING CHRONIC DISEASE

PUBLIC HEALTH RESEARCH, PRACTICE, AND POLICY

VOLUME 14, E96
OCTOBER 2017

school students as trained peer health mentors called comparfieros
to promote and sustain reductions in body mass index (3). Re-
searchers found that the use of comparfieros was a promising ap-
proach in helping Hispanic children achieve healthier body
weight.

The winning entry in the graduate category, by Mendoza-Herrera
and colleagues, described the development of a diabetic retino-
pathy screening tool based on a predictive model for use among
low-income adults in Mexico (4). Researchers collected biomedic-
al, clinical, anthropometric, and sociodemographic data from
1,000 low-income adults with diabetes. Four risk factors predicted
diabetic retinopathy: time since diabetes diagnosis, hyperglycemia,
systolic hypertension, and physical inactivity.

The winning entry in the undergraduate category, by Smurthwaite
and Nasser, explored the geographic convergence of chronic con-
ditions at the neighborhood level (5). The study used a cross-sec-
tional design to estimate the prevalence of obesity, cardiovascular
disease, and type 2 diabetes in western Adelaide, Australia. The
authors used Moran’s I method to identify significant clusters of
these 3 chronic conditions and observed diverse spatial variation
in their prevalence.

PCD is delighted to have its first winner in the high school cat-
egory. Liu and colleagues conducted a social marketing campaign
that used environmental prompts to influence purchases of fruits
and vegetables (6). The social marketing campaign was implemen-
ted and evaluated in 17 grocery stores during 4 months in 5 rural
counties in Kentucky. By using surveys collected from 240 parti-
cipants, the authors found that recipe cards influenced parti-
cipants’ desire to purchase fruits and vegetables.

Parting Thoughts

Students and mentors submitting manuscripts in this year’s Stu-
dent Research Paper Contest — regardless of whether their entry
was selected as a winner — should be proud of their efforts. Stu-
dent authors of manuscripts not accepted for publication in PCD
were encouraged to seek consideration elsewhere. PCD has just
announced the call for student research papers for its 2018 contest.
Please see our Announcements page (www.cdc.gov/pcd/an-
nouncements.htm) for more information. PCD’s Student Research
Paper Contest has proven to be a well-received scientific writing
experience. We ask PCD readers to encourage students to con-
sider submitting a manuscript for consideration in next year’s con-
test.
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Editor’s Note: This article is 1 of 2 winners of the 2017 Student
Research Paper Contest in the Doctoral category.

Abstract

Introduction

Promotoras, Hispanic community health workers, are frequently
employed to promote health behavioral change with culturally
bound Hispanic lifestyle behaviors. Peer health mentors have been
used in schools to promote healthy nutrition and physical activity
behaviors among students. This study investigates the efficacy of
combining these 2 approaches by training high school health
mentors, called compaiieros, to engage Hispanic middle school
students in a school-based obesity intervention as a strategy to
promote and sustain reductions in standardized body mass index
(zBMI).

M ethods

High school compaiieros were trained to participate in a 6-month
obesity program alongside middle school students in Houston,
Texas. Middle school students were randomized to participate in
the program either with compaderos (n = 94) or without

compaiieros (n = 95). The intervention was conducted from 2013
through 2016 in 3 cohorts of students, 1 each school year. Stu-
dents were followed for 12 months. The primary outcome was
zBMI, which was analyzed at baseline, 6 months, and 12 months.

Results

Significant differences were found between conditions across time
(F=4.58, P=.01). After the 6-month intervention, students in the
condition with compafieros had a larger decrease in zZBMI (F =
6.94, P=.01) than students in the condition without comparfieros.
Furthermore, students who received the intervention with
comparfieros showed greater sustained results at 12 months (F =
7.65, P=.01).

Conclusion

Using high school comparfieros in an obesity intervention for His-
panic middle school students could be effective in promoting and
maintaining reductions in zZBMI.

Introduction

Although one of the strengths of school-based interventions for
obesity is the ability to reach racial/ethnic minority groups who are
at elevated risk, the success of school-based weight management
interventions is not equivalent across races/ethnicities, and few
obesity intervention programs exist that are tailored for racial/eth-
nic minority groups (1,2). A cost-effective public health strategy
frequently used in Hispanic communities is to train community
health workers, called promotoras, to promote healthy lifestyle be-
haviors (3,4). Promotoras are familiar with the population they
serve and are typically well-respected members of the target com-
munity. These factors enable them to communicate health mes-
sages in a relatable way (5). Adapting the promotoras model to the
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middle school setting by training high school students as health
mentors, called compadieros, may be one strategy to more effect-
ively tailor weight management interventions for Hispanic adoles-
cents.

Peer perception of lifestyle behaviors is important to adolescents
(6), and evidence is beginning to establish teenagers as effective
health mentors (7). However, few studies have assessed anthropo-
metric measurements as an outcome (8—10). Of those that have,
none were conducted with low-income, Hispanic adolescents, and
none included a follow-up after the intervention to determine
whether results were sustained. Our study aimed to examine
whether the assistance of comparieros in the implementation of nu-
trition and physical activity lessons could be an effective strategy
for delivering an obesity prevention program to middle school stu-
dents in a predominantly Hispanic school system.

Methods

Sixth-grade and seventh-grade students (n = 506) were recruited
from a charter school in Houston, Texas, that serves students in
grades 6 through 12. Although all students who provided verbal
assent and had parental consent were given the opportunity to par-
ticipate in the intervention, only those who were overweight or
obese (n = 189), defined as having a body mass index (BMI, kg/
m?) at or above the 85th percentile for age and sex according to
the guidelines of the Centers for Disease Control and Prevention
(CDC) (11) were included in this analysis. This sample size satis-
fied the 200 participants (100 in each condition) that were calcu-
lated to be needed to have an 80% likelihood of detecting a 0.09-
unit difference in zZBMI (standardized BMI) between conditions.
The power analysis assumed nominal values for type I and type II
error rates (5% and 20% respectively; 2-tailed) and an attrition rate
of 20%. Students were randomized to receive either an obesity in-
tervention with comparfieros (n = 94) or without compaiieros (n =
95). All students self-identified as Hispanic.

Study design

Participants in both conditions received an obesity intervention for
50 minutes, 5 days a week, for 6 months during students’ physical
education (PE) class period. The intervention was conducted from
2013 through 2016 in 3 cohorts, 1 each school year, and parti-
cipants were followed for 12 months. Because of the school calen-
dar, the intervention was interrupted by various school breaks. To
prevent contamination, students’ schedules were developed be-
fore the beginning of the school year so that all students random-
ized to a particular condition were in classes only with students
who were also randomized to the same condition. Interventions
were led by PE teachers who were trained by research staff mem-
bers as described elsewhere (12). Each week, the students particip-

ated in 1 day of healthy eating activities and 4 days of physical
activity. This program was based on a school-based obesity inter-
vention with demonstrated efficacy among this population (13,14).
Details about the intervention and curriculum are available else-
where (12,14,15). In addition to the physical activity and nutrition
components, the intervention included behavioral modification
through a token economy system in which the students received
points for participation that they could accumulate and redeem for
prizes. The only difference between the 2 conditions was the pres-
ence or absence of comparieros.

High school students were selected to be comparieros if they met
the following criteria: were recommended by a teacher, had an
opening in their schedule during intervention periods, and ex-
pressed a desire to be involved. Weight was not a criterion for
either compaidieros or middle school students to participate in the
study. Comparieros and middle school students were not matched
by weight or racial/ethnic characteristics. However, because the
school has a predominantly Hispanic student body, all comparieros
and middle school students were Hispanic. In this school district,
high school and middle school students were taught in the same
building.

Compaiieros meeting criteria were trained daily for 2 weeks on
how to lead all of the intervention activities. This training ap-
proach was similar to that used to train the PE teachers (12). The
training curriculum mirrored the intervention curriculum, in-
cluded basic nutrition and physical activity education, and was de-
signed to help compariieros identify strengths and weaknesses in
their own diets and physical activity habits. Training provided
compaifieros with ideas to use when talking with middle school
students about how to make improvements in their diets and activ-
ity behaviors. Comparieros were trained on each intervention
activity until they were able to perform each themselves and ex-
plain to others how to do it. Compaiieros were provided with con-
versation starters and practiced initiating conversations about the
curriculum with peers. Lastly, compafieros were trained in how to
provide praise and the importance of modeling. Comparieros were
considered to be proficient in this activity when they were able to
demonstrate the use of praise correctly in 3 different student scen-
arios.

Once trained, comparfieros were instructed to engage in interven-
tion activities with the middle school students. Before each class,
the PE teacher informed comparieros of the topic of focus for the
day (eg, strategies to eat more vegetables, ways to be more active
throughout the day). During class, compaiieros were to initiate a
discussion of the selected topic with their group of middle school
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studentss. For example, between exercise stations compaiieros
might talk about what they were going to eat for lunch that day or
discuss their favorite vegetables. PE teachers regularly met with
compariieros to provide feedback on how they were doing and give
guidance as needed.

In the without comparieros condition, all variables were held con-
stant between conditions with the exception of the compaiieros
component. A trained PE teacher provided the same lessons as
with the comparieros condition. The only difference was that they
conducted class without comparieros assistance.

Researchers monitored the implementation fidelity of each condi-
tion. For both conditions, researchers recorded the number of nu-
trition and physical activity sessions conducted. They also ran-
domly assessed 10% of classes to record how frequently the PE
teacher provided positive reinforcement and constructive feed-
back to students. Weekly meetings were conducted with the PE
teacher to discuss issues related to intervention adherence. The fi-
delity check process was the same for both conditions except that
in the compaiieros condition, the implementation of fidelity of the
compaiiero role was also monitored. Specifically, researchers ran-
domly observed 10% of classes to record how frequently
compaiieros modeled healthy behavior and provided praise to the
middle school students.

Measures

Middle school students’ height and weight were regularly meas-
ured throughout the study. Baseline, 6-month, and 12-month as-
sessments were included in this analysis. At each assessment
point, height was measured without footwear using a SECA 213
stadiometer (SECA). Weight was assessed in light clothing and
without footwear using a Tanita BWB-800 digital scale (Tanita
Corp). BMI was calculated from students’ weight and height. BMI
percentiles were determined by using the students’ age and sex
and were classified according to CDC guidelines (11). BMI per-
centiles were standardized to sex and age norms to determine
zBMI.

The interpretation of height and weight for adolescents is complic-
ated because adolescents are growing and developing. To enable a
more comprehensive interpretation of anthropometric changes in
adolescents, zBMI, BMI percentile, and BMI were included as
outcomes. The primary outcome was zBMI, because the use of
this metric is standard practice in research (16). Both zBMI and
BMI percentiles account for age, sex, and the expected growth and
development of adolescents. Possibly because pediatricians often
speak to parents about their child’s growth in terms of percentiles,
the meaning of BMI percentile is more interpretable for a larger
audience than the meaning of zZBMI. Although zBMI is more sens-

itive than BMI percentile, neither of these metrics is sensitive to
change at extreme ranges, such as that indicative of extreme
obesity. BMI was included as an outcome to overcome this short-
coming because, although BMI does not account for age, sex, or
the expected growth of adolescents, its sensitivity does not dimin-
ish at ranges suggestive of extreme obesity.

Data analysis

Statistical analyses were performed using SPSS, version 19.0
(SPSS, Inc); y* and independent samples  tests were conducted to
compare differences between conditions at baseline and between
those with and without measures at 6 and 12 months. A 2 x 3 re-
peated measures analysis of covariance (ANCOVA) was used to
determine differences in weight outcomes between conditions
across all periods. Post-hoc analyses (2 x 2 repeated measures
ANCOVA) were conducted at both 6 and 12 months. To be con-
sistent with the Consolidated Standards of Reporting Trials 2010
Statement (17), in addition to the model developed for the main
analysis, the last observation carried forward (LOCF) method was
used to create an intention-to-treat model to include those without
6-month or 12-month measurements. This method replaces miss-
ing data with the data most recently collected. Mean change scores
for height, weight, BMI, BMI percentile, and zBMI were com-
puted for each condition, from baseline to 6 months and from
baseline to 12 months for both the main analysis and the intention-
to-treat analysis. This study was approved by the Institutional Re-
view Board for Human Subjects at the Baylor College of Medi-
cine.

Results

Of the 189 students initially included in the study (94 in the
compaiieros condition and 95 in the without comparfieros condi-
tion), 140 were available for assessment at 6 and 12 months, 71
students in the with comparieros condition and 69 in the without
compariieros condition (Figure 1). The 49 students who were un-
available for assessment were excluded from our main assessment.
No significant differences in age, sex, height, weight, or BMI were
observed at baseline between conditions (Table 1). There was a
74.1% retention rate at 12 months (n = 140 students remained).
Attrition did not differ significantly among the 71 students remain-
ing in the comparieros condition (24.5% attrition) and the 69 stu-
dents remaining in the condition without comparieros (27.4% attri-
tion). Students excluded from analysis (those unavailable for
measurements at both 6 and 12 months) had a higher initial
weight, BMI, and zBMI than did those whom we were able to as-
sess at each time point (Table 1). Because of this, baseline weight
was used as a covariate during all analyses.
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Had BMI <85* percentile (n = 224)
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Unavailable for 6-month assessment (n = 4) Unavailable for 6-month assessment (n = 14)
Unavailable for 12-month assessment (n = 19) Unavailable for 12-month assessment (n = 12)

‘ Participants analyzed (n = 71) ‘ ‘

Randomized to class without comparieros (n = 95) ‘

Participants analyzed (n = 69) ‘

Figure 1. CONSORT diagram illustrating the flow of participants through the
study, an obesity prevention intervention using companeros, Houston, Texas,
2013-2016. Participants included in the main analysis had baseline, 6-
month, and 12-month assessment data. Abbreviation: CONSORT, the
Consolidated Standards of Reporting Trials.

Implementation fidelity was high overall for both conditions. In
both conditions, all 24 nutrition sessions and 96 physical activity
sessions were conducted, and PE teachers provided constructive
feedback in 100% of the observed classes. PE teachers provided
positive reinforcement in 90% of the observed classes in the
compafieros condition and in 95% of the observed classes in the
condition without comparieros condition. In the compaiieros con-
dition, comparfieros modeled healthy behaviors in 98% of the ob-
served classes and provided praise in 94% of the observed classes.

Results from the ANCOVA analysis indicated that, compared with
students in the condition without comparieros, students in the
compaiieros condition decreased their zZBMI (F = 4.58, P=.01)
(Figure 2).
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Figure 2. Comparison by study group of mean zBMI of participants at baseline,
6 months, and 12 months for participants in the with companeros condition
and participants in the without companeros condition, an obesity prevention
intervention using companeros, Houston, Texas, 2013-2016.

Post hoc analyses from baseline to 6 months and baseline to 12
months indicated differences in zZBMI between conditions (F =
6.94, P= .01 and F = 7.65, P= .01, respectively). Eighty percent
of students in the compaidieros condition and 64% of students in
the condition without companeros decreased or maintained zBMI
from baseline to 6 months. At 12 months, 68% of students in the
compaieros condition and 55% of students in the condition
without compaidieros had decreased or maintained zBMI from
baseline.

BMI scores did not decrease for all outcome variables between
conditions from baseline to 6 months and 12 months for either
condition (Table 2). The mean change in BMI from baseline to 12
months was significantly different between conditions; zZBMI and
BMI percentile decreased from baseline to 6 months and from
baseline to 12 months for both conditions. The compaiieros condi-
tion had a significantly greater decrease in zZBMI at both 6 months
and 12 months than the condition without compareros.

As with the main analysis, the intention-to-treat ANCOVA
showed that compared with students in the condition without
compaiieros, students in the comparfieros condition had a signific-
antly decreased zBMI (F = 3.27, P =.04). The change in zBMI
between conditions for both 6- and 12-month post hoc analyses
also showed significant differences between conditions (F = 5.08,
P=.04; F=5.62, P= .02, respectively).
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Discussion

The purpose of this randomized controlled trial was to see if the
addition of comparieros to an established teacher-led, school-based
obesity intervention (12) for middle school Hispanic students
would be a more effective strategy for delivering the intervention
than teachers delivering the intervention without comparfieros. At
both 6 months and 12 months, students in the comparfieros condi-
tion had a significantly lower zZBMI than those in the condition
without comparieros. The paucity of school-based interventions
for Hispanic adolescents makes it difficult to directly compare the
findings of this study to other studies (18). However, the results of
this study are consistent with obesity interventions for adolescents
in general, in which zZBMI has been estimated to decrease by less
than 0.1 units from baseline to intervention end (19).

Mean weight, height, and BMI increased from baseline to 12
months in both conditions. This change is expected because ad-
olescents are still growing. The goal of adolescent obesity inter-
ventions is not necessarily weight loss, but a slowed weight gain
relative to height. The statistically smaller increase in BMI ob-
served in the condition with comparfieros compared with the condi-
tion without compaiferos indicates that the presence of
compafieros was more effective at changing the trajectory of
weight gain relative to height.

Although school-based interventions have generally been able to
create short-term reductions in zBMI, few have been able to ac-
complish maintenance of zZBMI (19). Maintenance of results is
particularly discouraging when intervention implementation is
translated from research professionals to teachers and staff at a
school (12). The results of this study are compelling because stu-
dents who received the intervention with companeros demon-
strated greater maintenance in zZBMI reduction at a year than those
who received the intervention without compareros. The addition
of compaiieros appears to be a possible solution to bridge the
maintenance gap in the translation of intervention implementation
from research professionals to a school’s teachers and staff.

One potential explanation for why the compaiieros condition was
more successful than the condition without compaiieros is the pos-
sibility that comparfieros were able to individually tailor the pro-
gram for the middle school students in a way PE teachers were un-
able to. This suggestion is consistent with hypothesized reasons
for the success of promotoras in community-based programs. As
members of the community that they serve, promotoras are able to
relate to program participants in a way medical professionals are
often unable to (5). Because compaiieros attended the same school
and had similar socioeconomic and racial/ethnic backgrounds as
the middle students, they likely had a fuller understanding of the

middle students’ school, familial, and social environments. Al-
though no data were collected to determine how middle school
students perceived compaiieros, the endorsement of healthy beha-
viors by high students, who are thought to be respected and ad-
mired by middle students, likely contributed to intervention en-
gagement and sustained behavior change (20). Another plausible
explanation for the differences seen between the 2 conditions is
that students who received the intervention with compaieros re-
ceived more attention, and this additional attention could have
contributed to improved outcomes.

Because of the population of our study (ie, low income, Hispanic
adolescents attending a charter school), additional research is
needed to determine the generalizability of this type of interven-
tion in other settings. However, the strategy of using peers to pro-
mote and sustain weight outcomes is likely generalizable to a vari-
ety of populations. For example, findings from this study are con-
sistent with those of peer health mentoring interventions with Ap-
palachian youths (21). Collectively, these studies support the no-
tion that for interventions to be successful in the short and long
term, they need to be relevant to the population being observed.

Strengths of this study include its being a randomized controlled
trial with a pre, post, and one-year follow up design that targeted
Hispanic adolescents, a group at increased risk for obesity. Limita-
tions include the lack of a no-treatment control condition, though
practical considerations and school requirements made this unfeas-
ible. Although being able to randomize students at the individual
level is a strength of the study, the randomization does not control
for the possibility of contamination. Steps were taken to prevent
contamination. All students assigned to a particular condition had
identical class schedules so that they had class only with students
also randomized to the same intervention condition. Although stu-
dents ate lunch by grade level, students had assigned tables for
lunch so that they ate lunch only with students randomized to the
same intervention condition. It was not feasible to keep students
separated according to condition during free times or extracur-
ricular activities, and it is probable that those in the condition
without comparfieros knew that there was another condition and
vice versa. Lastly, the health outcomes of comparfieros were not as-
sessed. Results from other studies that have measured the effects
of peer health mentorship on the mentor suggest that health ment-
orship programs have health benefits for both parties involved (8).

More research is needed in the area of maintenance and transla-
tion of effective interventions for the school setting. School health
initiatives are often deprioritized because of the pressures schools
are under for students to perform well on standardized tests and
because of resource constraints (22). Low-cost strategies that re-
quire little additional effort from the school’s staff are needed for
school-based health programs to be sustainable. The findings of
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this study indicate that the addition of comparfieros to an obesity
program was an effective strategy among Hispanic adolescents to
facilitate sustained reductions in zZBMI for a year. Considering the
effectiveness compariieros demonstrated in this study and the min-
imal extra resources needed to support them, the compareros
model warrants further investigation as a possible strategy for ad-
dressing practical concerns schools face when implementing
health initiatives.
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Tables

Table 1. Comparison of Baseline Characteristics of Participants (N = 189), by 12-month Attrition and by Treatment Condition?, Compafieros Obesity Intervention,
Houston, Texas 2013-2016

. Included in Main Excluded Frorrg Main . With Corrgpaﬁeros Without qur_;paﬁeros o

Characteristic Analysis Analysis PValue Condition Condition PValue

Total, n 140 49 — 94 95 —
Age,y 13.02 (0.56) 12.90 (0.56) A7 12.91 (0.48) 12.94 (0.63) 71
Female, n (%) 6 (47) 31(63) .07 48 (51) 9 (52) -
Height, cm 157.93 (6.67) 158.10 (7.25) .88 157.54 (6.97) 158.57 (7.20) .32
Weight, kg 65.68 (9.30) 69.92 (13.83) .02 68.32 (13.04) 69.31 (12.84) .60
BMI, kg/m2 26.30 (3.10) 27.86 (4.56) .01 27.40 (4.03) 27.51 (4.53) .85
zBMI 1.64 (0.37) 1.81(0.45) .01 1.78 (0.41) 1.76 (0.46) 77
BMI percentile 93.86 (3.97) 95.13 (4.04) .06 95.04 (3.82) 94.57 (4.27) 43
Attrition at 12 mos, n (%) 0(0) 49 (100) - 23 (24.5) 6 (27.4) .74

Abbreviations: —, not applicable; BMI, body mass index; zBMI, standardized BMI.

@ Values are mean (standard deviation) unless otherwise noted.

b Participants randomized into a study condition were not included in the analysis if they were unavailable for both 6-month or 12-month assessments.
¢ pvalues were determined by an independent samples t test and x2 tests between participants who were and were not included in the main analysis.
9 pvalues were determined by independent samples ttests and x2 tests between with companeros and without companeros conditions.
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Table 2. Changes in Body Characteristics of Participants (N = 189) at 6 Months and 12 Months by, Treatment Condition?, Compaiieros Obesity Intervention, Hous-

ton, Texas 2013-2016

With Companeros

Without Companeros

With Companeros

Without Companeros

(n=71) (n =69) (n=94) (n = 95)
Characteristic Main Analysisa, Mean (SD) PValue® Intention-to-Treat®, Mean (SD) PValue®
Change in values from baseline to 6 months
Height, cm 2.25(2.02) 2.62(1.92) 27 2.17 (1.95) 2.27 (1.96) .73
Weight, kg 0.88 (2.92) 2.61(3.88) .001 1.18 (2.89) 2.03 (3.82) .09
BMI, kg/m2 -0.42 (1.23) 0.13 (1.45) .02 -0.27 (1.20) 0.03 (1.41) 12
ZBMI -0.12 (0.18) —-0.05 (0.16) .01 -0.10 (0.17) -0.05 (0.16) .04
BMI percentile -1.67 (3.25) -0.91 (2.94) .15 -1.31(2.93) -0.83 (2.79) .26
Change in values from baseline to 12 months
Height, cm 4.37 (3.10) 3.82 (4.47) 40 3.89 (2.94) 3.27 (4.06) 24
Weight, kg 4.17 (5.55) 6.11 (4.63) .03 4.05 (5.22) 4.77 (5.13) .34
BMI 0.12 (1.99) 1.11 (2.19) .01 0.25 (1.89) 0.78 (2.13) .07
ZBMI -0.13 (0.26) -0.01(0.21) .01 -0.10 (0.24) -0.03 (0.21) .02
BMI percentile —-1.86 (4.15) -0.60 (3.09) .05 -1.40 (3.80) -0.88 (3.36) .33

Abbreviations: BMI, body mass index; zBMI, standardized BMI.
2 Participants with both 6-month and 12-month assessments.

b pvalues were determined by an independent samples t test between conditions.

¢ Students initially assigned to the 2 conditions who were unavailable for measurement assessments at 6 and 12 months. Analysis was conducted by using the last
observation carried forward method. All participants who had been randomized to a study condition were included in this analysis.
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Abstract

Introduction

Obesity and metabolic syndrome (MetS) indicators have in-
creased globally among the pediatric population. MetS indicators
in the young elevate their risk of cardiovascular disease and meta-
bolic disorders later in life. This study examined early onset
obesity as a risk factor for MetS risk in adolescence.

Methods

A cohort of Chilean participants (N = 673) followed from infancy
was assessed at age 5 years and in adolescence (mean age, 16.8 y).
Adiposity was measured at both time points; blood pressure and
fasting blood samples were assessed in adolescence only. Early
onset obesity was defined as a World Health Organization z score
of 2 standard deviations (SDs) or more for body mass index (BMI)
at age 5 years. We used linear regression to examine the associ-
ation between early onset obesity and adolescent MetS risk z
score, adjusting for covariates.

Results

Eighteen percent of participants had early onset obesity, and 50%
of these remained obese in adolescence. Mean MetS risk z score in
adolescence was significantly higher among those with early on-
set obesity than among those without (1.0; SD, 0.8 vs 0.2; SD, 0.8
[P <.001]). In the multivariable model, early onset obesity inde-
pendently contributed to a higher MetS risk score in adolescence
(Bp=0.27, P<.001), controlling for obesity status at adolescence
and sex, and explained 39% of the variance in MetS risk.

Conclusion
Early onset obesity as young as age 5 years relates to higher MetS
risk.

Introduction

Obesity among children is a global public health problem (1,2),
and signs of metabolic syndrome (MetS) have increased among
both children and adolescents over the past 25 years (3,4). MetS is
defined as having at least 3 of 5 risk factors: a large waist circum-
ference, high blood pressure, fasting hyperglycemia, hypertrigly-
ceridemia, and low high-density lipoprotein (HDL) cholesterol
levels (5). Although few children meet all 5 MetS criteria, up to
30% of obese children have at least one element of MetS (6). A re-
cent systematic review showed a median prevalence of MetS of
3% (range 0%—-19.2%) among all children and 29% (range
10%—-66%) among obese children (3). In a sample of US adoles-
cents aged 12 to 17 years, the overall MetS prevalence was 7%,
with a range from 19% to 35% among obese adolescents (7). Ad-
ditionally, Hispanic adolescents had a higher MetS prevalence
(11%) than non-Hispanic white adolescents (9%) (8).

MetS increases a person’s risk for developing chronic disease
(9,10). Pediatric MetS is independently associated with type 2 dia-
betes and adult MetS and with subclinical atherosclerosis leading
to cardiovascular disease (CVD) (11,12). Additionally, research
shows that obesity tracks from childhood into adulthood (13) and
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contributes to adverse consequences, including premature mortal-
ity and cardiometabolic disorders (14,15). However, the impact of
the age of obesity onset in early childhood on adolescent MetS
risk has not been documented, because research has largely fo-
cused on infant weight gain and catch-up growth as predictors of
health outcomes later in life (16—18). This study examined early
onset obesity as a risk factor for MetS risk in adolescence. We hy-
pothesized that obesity onset early in life is associated with a high-
er MetS risk score in adolescence.

Methods
Study designh and population

Participants were 677 Chilean infants who were part of an obser-
vational longitudinal study of biopsychosocial determinants of
obesity and CVD risk. From 1991 through 1996, 1,933 infants
were enrolled in either a preventive trial of iron supplementation
to prevent iron-deficiency anemia or a neuromaturation study, a
study that assessed neurodevelopment by using neurophysiologic-
al and electrophysiological techniques. The studies were conduc-
ted in Santiago, Chile, where infancy iron deficiency was wide-
spread at the time and no national program existed for iron supple-
mentation. Infants were from low-to-middle income, working-
class communities. Inclusion criteria for the infancy studies were
an uncomplicated, singleton, term, vaginal birth with birthweights
of 3 kg or more, no major congenital abnormalities, and no prior
iron therapy. Because of a successful national breastfeeding cam-
paign, all but 8 infants in the cohort were initially breastfed.

Infants were recruited at age 4 to 6 months. Infants without iron-
deficiency anemia were randomly assigned to high-iron supple-
mentation, low-iron supplementation, or usual nutrition (no added
iron). Further details about enrollment and trial specifications are
described elsewhere (19). A total of 1,657 infants completed the
preventive trial (high iron, n = 718; low iron, n = 405; usual nutri-
tion, n = 534). Infants found to have iron-deficiency anemia, and
the next nonanemic infant (the control), were treated with medi-
cinal iron and participated the neuromaturation study (20). A total
of 135 infants completed the neuromaturation study. At age 5
years, because of a cut in funding, only 2 of the 3 randomly selec-
ted preventive trial groups and neuromaturation trial participants
could be evaluated. Thus, only 888 of 1,501 infants who were in
the high-iron and no-added-iron groups or completed the neur-
omaturation study were assessed. At age 16 years, participants
from the 5-year follow up were invited to participate in a study of
obesity and CVD risk. A total of 677 of 888 (76%) participants
agreed and were assessed from 2009 through 2012. Our analytic
sample for the obesity and MetS study consisted of 673 parti-
cipants from the obesity and CVD risk study who had complete
data at 5 years and 16 years (Figure).

Enrolled in infancy preventive trial

1991-1996:
N=1,798

Infants without iron deficiency anemia randomized to:
high iron (n = 782) low iron (n = 432) usual nutrition (n = 584)

y

Completed infancy preventive trial at age 6 to 12 months:

Anemic infants and nonanemic controls
n = 1,657 from neuromaturation study:
(high iron, n = 718; low iron, n = 405; usual nutrition, n = 534) n =135

y !

Assessed at 5 years, 1996-2001;
recruited from high iron and usual nutrition groups:
n = 888

!

Cardiovascular disease risk study of 16-year olds, 2008-2013:

67
Analytic sample n = 673

!

Study of early onset obesity and adolescent
risk for the metabolic syndrome:

n =673
Participants with complete data for all variables

Figure. Flow of participants in study on relationship between early onset
obesity and metabolic syndrome risk in adolescence, Santiago, Chile,
2009-2012. Participants were drawn from a larger study of infancy iron-
deficiency anemia.

The sample was representative of the original cohort, with no dif-
ferences in infant and family characteristics, including birth-
weight (3.5 kg in the original cohort vs 3.6 kg in the final analytic
sample), breastfeeding for at least 6 months (63% in the original
cohort vs 61% in the final analytic sample), socioeconomic status
(SES) (27.3 on the Graffar index [21] for the original cohort vs
27.0 for the final analytic sample), and household environment
(30.1 on the Home Observation for Measurement of the Environ-
ment [HOME] [22] scale for the original cohort vs 30.0 for the fi-
nal analytic sample). The study was approved by the institutional
review boards of the University of California, San Diego, the Uni-
versity of Michigan, and the University of Chile Institute of Nutri-
tion and Food Technology (INTA).

Data collection and analysis

Participants were considered to have early onset obesity if obesity
was present at age 5 years (defined as >2 standard deviations
[SDs] for body mass index [BMI] z score) by using WHO growth
standard indicators. BMI is a measure of weight relative to height
(kg/m?), with age-specific and sex-specific norms (23).

Adolescents were assessed at age 16 to 17 years. Height (cm),
weight (kg), waist and hip circumference (cm), and blood pres-
sure (mmHg) were measured by a physician-investigator at INTA.
Standardized procedures were used to measure weight to the
closest 0.1 kg by using a SECA scale (SECA), and height to the
closest 0.1 cm by using a Holtain stadiometer (Holtain Ltd) (24).
Each measurement was taken twice, and a third measurement was
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taken if the difference between the first 2 exceeded 0.3 kg for
weight, 0.5 cm for height, or 1.0 cm for waist. The WHO BMI z
score indicator was used to dichotomize (yes/no) obesity status at
adolescence, with obesity defined as an SD of 2 or more in the
BMI z score. Fasting serum triglyceride, cholesterol, and glucose
levels were assessed. Serum glucose concentration (mg/dL) was
determined by using an enzymatic—colorimetric test (Quimica
Clinica Aplicada S.A.). Triglyceride (mg/dL), and cholesterol
(mg/dL) levels were determined with the Vitros dry analytical
methodology (Ortho Clinical Diagnostics Johnson & Johnson Inc).

A continuous MetS risk z score was calculated by applying the
equations developed by Gurka et al (25). The equations provide a
sex-specific and race-specific z score measure for MetS risk based
on standardized and log-transformed values for each component of
the MetS.

Characteristics that may be associated with both the variable of in-
terest and the outcome were considered covariates. For infancy,
the following were considered: birthweight, SES, breastfeeding,
emotional and material support provided in the home environment,
iron status during infancy, and iron supplementation as part of the
preventive trial. For adolescents, the following were potential cov-
ariates: age at menarche, age at the adolescent assessment, physic-
al activity, and obesity status. Birthweight, measured in kilograms,
was analyzed as a continuous measure. Iron status during infancy,
coded as iron sufficient, iron deficient, or iron-deficient anemic,
was dichotomized to iron sufficient (0) and iron deficient or iron-
deficient anemic (1) for modeling purposes. Iron supplementation
in infancy was dichotomized to iron supplementation (high or low)
(1) and no iron supplementation (0). The SES variable, the Graf-
far index, is a pseudocontinuous variable based on a 13-item ques-
tionnaire that produces a composite score that comprises ques-
tions on mothers’ and fathers’ years of education, occupation, and
income (21) the higher the Graffar index, the lower the SES.
Questions were coded as absent (1) to plentiful (6), for a possible
score range of 13 to 78. The quality of the home environment that
supported the children’s development was assessed with HOME, a
45-item, observer-rated checklist (22). A higher HOME score re-
flects a more supportive home environment for children’s devel-
opment. Scores range from 0 to 45. Physical activity at adoles-
cence was measured by using a 5-item questionnaire, validated for
use in young populations (26). The questionnaire addresses
planned and unplanned physical and sedentary activities as a con-
tinuous score between 0 and 10. Age at menarche and age at ad-
olescent measurement were analyzed as continuous variables.

Statistical analyses

SAS version 9.2 (SAS Institute) was used for all statistical ana-
lyses, with the exception of computed MetS risk score, for which
SPSS version 22.0 (IBM Corp) was used.

For describing sample characteristics, continuous variables were
expressed as mean and SD, and categorical variables were ex-
pressed as frequencies. All variables were assessed for normality.
Unadjusted comparisons between early onset obesity groups were
calculated by using  tests for continuous outcomes and ¥ tests for
categorical outcomes. Regression diagnostics, using tests and
graphical methods, examined linear regression assumptions in-
cluding linearity (residual vs predictor plot) normality
(Shapiro—Wilk test), homogeneity of variance (Breusch—Pagan
test) and independence (Durbin—Watson statistic). All of these as-
sumptions were met, indicating linearity, uncorrelated and nor-
mally distributed estimated residuals with constant variance. Influ-
ence and collinearity were also examined, with no extreme devi-
ations observed for studentized and jackknife residuals, and small
leverage and Cook’s distance values. Multivariable linear regres-
sion analysis was used to assess the relationship between early on-
set obesity and MetS risk score, adjusting for possible con-
founders. The full model was tested by using backward elimina-
tion. Variables that were not statistically associated with the de-
pendent variable were manually removed. Because the study
sample participated in a preventive trial, iron status during in-
fancy and iron supplementation were initially included as covari-
ates. Neither variable was significantly associated with the out-
come, and thus both were removed from the final model. Age at
menarche, which was tested in the multivariable model, was not
significantly associated with outcome and therefore was dropped
from the final model. Significance was set at a P value of less than
.05. Multicollinearity between variables was assessed with toler-
ance level with a cut point of less than 0.10. There was no evid-
ence of multicollinearity in the model.

Marginal structural models (MSMs) refine the adjustment made
by traditional analytic approaches and predict an estimate that ac-
counts for the bias that exists when time-dependent covariates
might act as both confounders and intermediates in a linear associ-
ation. We used an MSM as a sensitivity analysis to account for po-
tential bias resulting from the inclusion of adolescent weight status
in the final model; bias may arise because adolescent weight status
both mediates and confounds the relationship between early-life
obesity and adolescent MetS risk score. To carry out these ana-
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lyses, we estimated stabilized inverse probability weights (27) and
reweighted our sample to create a pseudopopulation in which the
exposure, early onset obesity, is statistically independent of poten-
tial time-dependent confounders. Results from the pseudopopula-
tion models supported initial findings, indicating limited bias res-
ulting from the inclusion of adolescent weight status as a covari-
ate in the multivariable linear regression model.

Results

Mean age of participants at adolescence was 16.8 years, and
52.9% were male (Table 1). The mean birthweight in the study
population was 3.6 kg (SD, 0.4 kg). Early onset obesity was found
in 18.1% of the participants, of which 41.0% were girls. We found
no significant differences in birthweight, sex, SES, HOME scores,
and physical activity in adolescence between participants with
early onset obesity and participants without early onset obesity.
Obesity status at adolescence was related to early onset obesity. Of
those with early onset obesity, 50% were obese at adolescence, in
contrast to 6% of the comparison group (P <.001).

The MetS risk score and all variables related to CVD risk were
significantly higher in the early onset obesity group, compared
with the group without early onset obesity, with the exception of
HDL cholesterol, which was inversely related to CVD risk, and
fasting blood glucose, which did not differ between groups (Table
2). Participants in the early onset obesity group had significantly
higher mean total cholesterol levels (156.4 mg/dL; SD, 27.9 vs
151.1 mg/dL; SD 27.5, P =.04) and low-density lipoprotein cho-
lesterol levels (98.9 mg/dL, SD 24.8 vs 93.3 mg/dL, SD 24.2, P=
.03) compared with the group without early onset obesity. Addi-
tional analyses for MetS components by sex showed that adoles-
cent boys had significantly lower mean total cholesterol and HDL
cholesterol levels and significantly higher fasting blood glucose
levels and blood pressure than adolescent girls.

The final model, controlling for sex and obesity status in adoles-
cence, indicated that early onset obesity was associated with a
higher MetS risk score in adolescence (f = 0.27; 95% confidence
interval [CI] 0.13— 0.41, P<.001) (Table 3) and explained 39% of
the variance in the MetS risk score. The adjusted mean and stand-
ard error (SE) MetS risk score was 1.0 (SE, 0.06) and 0.7 (SE,
0.04) for participants with and without early onset obesity, re-
spectively. Additionally, female sex was associated with a lower
MetS risk score in the model (B = —0.26; 95% CI, —0.35 to —0.17,
P <.001), adjusting for other covariates.

Findings from the MSM, a sensitivity analysis, did not differ from
findings of the multivariable regression analysis. This corrobor-
ated the effect size of early onset obesity and its relationship with
MetS risk score in adolescence.

Discussion

This study showed that early onset obesity was associated with
greater MetS risk in adolescence. Independent of adolescent
obesity status and sex, a child who had obesity at age 5 years had a
higher MetS risk score (B = 0.27) at age 16. These results support
our initial hypothesis.

Our findings are consistent with those in a mid-childhood cohort
(28). Using a similar analytic approach and focusing on metabolic
profiles that included dyslipidemia, hypertension, and insulin res-
istance, Garnett et al. (28) concluded that children who were over-
weight or obese at age 8 years were almost 7 times as likely to
have CVD risk-clustering at age 15 years as those who were not
overweight or obese (odds ratio, 6.9; 95% CI, 2.5— 19.0; P<.001)
(28).

Boys in our cohort had higher mean MetS risk scores than girls,
independent of early onset obesity and obesity status at adoles-
cence. These results are similar to our prior findings (29) and
those of US national data, in which adolescent boys were more
likely to have MetS risk factors than adolescent girls (9). A recent
systematic review of the prevalence of MetS in children and ad-
olescents from 12 countries in North America and South America
also found a higher prevalence of MetS among boys (29). Adoles-
cent boys also manifested higher fasting blood glucose, higher
blood pressure, and lower HDL cholesterol levels than adolescent
girls. These CVD risks were primarily observed in Mexico,
Canada, Colombia, and the United States (30).

This research emphasizes the value of studying longitudinal co-
horts and the relevance this study’s cohort to obesity in early
childhood and adolescent health outcomes among Chileans. In ad-
dition to the longitudinal study design, this study has several
strengths, such as the uniqueness of a Chilean cohort of infants
followed successfully to adolescence, inclusion of a relatively
large group of healthy infants, and good participant retention. An-
other strength is that the evaluation was conducted at a nutrition
research center by highly trained study personnel. Furthermore,
the use of a sex-specific and race-specific continuous MetS risk
score is a study strength. Although continuous scores were previ-
ously developed, the methodology followed by Gurka et al and ap-
plied in this study, acknowledges correlations between the MetS
components, accounting for MetS component correlation differ-
ences by sex and race/ethnicity (25).
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A limitation of this study is that it may not be generalizable to oth-
er populations. The participant sample was restricted to infants
who weighed 3 kg or more at birth. Thus, we cannot infer whether
these relationships translate to preterm or low-birthweight infants.
Also, probably because data on birthweight were restricted, we
probably did not observe a relationship between birthweight and
obesity. Generalization to higher-income or poverty groups is also
restricted. Another limitation is lack of anthropometric data
between measurement waves, thus placing participants in a BMI
category at time of measurement, which might have been differ-
ent a year before or after measurement. Additionally, data were
unavailable on maternal or paternal obesity status, diet intake, and
direct physical activity measures. Although we attempted to min-
imize unmeasured confounding in our study by including meas-
ures on recognized potential confounders, such unmeasured risk
factors could confound the relationship between early onset
obesity and MetS risk.

Notwithstanding these limitations, our findings add to the literat-
ure on early life determinants, in particular determinants related to
the long-term effects of early onset obesity on MetS or other
CVD-related risk factors. Future research should be conducted in
populations with various races and ethnicities to substantiate these
findings and address a key public health problem.

Our results underscore the public health implications of early
childhood obesity for health outcomes later in life. The findings
provide evidence for a clinically meaningful and significant asso-
ciation between early onset obesity and MetS risk score in this
Chilean cohort. The results of this study emphasize the import-
ance and need for early detection of childhood obesity and effect-
ive public health interventions.
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Tables

Table 1. Characteristics of Participants (N = 673), Study of Relationship Between Early Onset Obesity and Risk of Metabolic Syndrome Among Adolescents?, Santi-
ago, Chile, 1991-1996 and 2009-2012

Characteristic Total Sample (n = 673) Early Onset Obesity (n = 122) No Early Onset Obesity (n = 551) PValue®
Infancy

Birthweight, mean (SD), kg 3.6(0.4) 3.6(0.4) 3.5(0.4) .67
Male, % 52.9 59.0 515 .13
Breastfeed =6 months, % 63.4 63.6 63.3 .96

Iron status during infancy, %

Iron sufficient 41.5 34.4 43.0

Iron deficient 40.1 40.2 40.1 .06
Iron deficiency anemia 18.4 25.4 16.9
Socioeconomic status, Graffar 27.0(6.3) 27.0(6.2) 27.0(6.3) 87
index®, mean (SD)

HOME score?, mean (SD) 30.2 (4.7) 30.2 (4.8) 30.2 (4.7) .90
Supplementation group, %

High iron 47.2 45.9 47.6

Low iron 2.7 3.3 2.5

No added iron 42.1 42.6 41.9 98
Neuromaturation study® 8.0 8.2 8.0

Adolescence

Age at menarchef, mean (SD), y 12.5(1.4) 12.0 (1.4) 12.5(1.4) .01
Age at adolescent measurement, y 16.8 (0.3) 16.8 (0.3) 16.8 (0.3) 48
Physical activity score®, mean (SD) 4.1 (1.6) 4.0 (1.5) 4.1 (1.7) .38
Obesity at 16 y", % 14.1 50.0 6.2 <.001

Abbreviations: SD, standard deviation; HOME, home observation for measurement of the environment.

@ Early onset obesity defined as obese at 5 years of age following World Health Organization z score cut-off >2 SD body mass index (kg/mz).

® pvalue for x2 test for categorical variables and t test for continuous variables.

¢ Graffar index is a social stratification tool used to assess socioeconomic status (range 13-78); the higher the Graffar index, the lower the socioeconomic status
(21).

d HOME score (range 0-45) is a home environment quality assessment tool; the higher the HOME score, the better the home environment for child development
(22).

¢ Participants in the neuromaturation study were infants found to have iron-deficiency anemia at age 6 months, and the next nonanemic infant (control) whose
neurodevelopment was evaluated with neurophysiological and electrophysiological techniques (20).

f Female participants only.

g Physical activity score (range 0-10) assessing planned and unplanned physical and sedentary activities (26).

h Obesity at 16 years defined as obese at 16-year follow-up according to the World Health Organization z score cut-off >2 SD for body mass index.
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Table 2. Metabolic Syndrome Risk Score® and Cardiovascular Disease Risk Factors Among Participants (N = 673), Study of Relationship Between Early Onset
Obesityb and Risk of Metabolic Syndrome Among Adolescents, Santiago, Chile 1991-1996 and 2009-2012°

Variable Total Population (N = 673) Early Onset Obesity (n = 122) No Early Onset Obesity (n = 551) PValue®

Metabolic syndrome risk z score 0.3 (0.8) 1.0 (0.8) 0.2 (0.8) <.001
Waist circumference, cm 81.3(11.4) 94.0 (12.5) 78.5(9.0) <.001
HDL cholesterol, mg/dL 40.2 (10.6) 37.1(9.5) 40.9 (10.7) <.001
Triglycerides, mg/dL 88.2 (50.0) 103.3(57.2) 84.8 (47.7) .001
Systolic blood pressure, mm Hg 111.7 (10.5) 117.5 (11.7) 110.4 (9.8) <.001
Diastolic blood pressure, mm Hg 69.1 (7.1) 71.9 (7.2) 68.5 (6.9) <.001
Fasting blood glucose, mg/dL 88.6 (9.5) 89.5(12.2) 88.5(8.8) .36

Abbreviations: HDL, high-density lipoprotein.

@ Metabolic syndrome risk zscore calculated with sex-specific and race-specific equations with confirmatory factor analysis.

b Early onset obesity defined as obese at age 5 years according to World Health Organization z score cut-off >2 standard deviations for body mass index (kg/mz).
¢ Values are unadjusted mean (standard deviation) unless otherwise indicated.

9 pvalues calculated with t test for continuous variables for differences between the early onset obesity group and no early onset obesity group.
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Table 3. Linear Regression Models to Determine Adjusted Associations With Participants’ (N = 673) Metabolic Syndrome Risk Score®, Study of Relationship

Between Early Onset Obesity and Risk of Metabolic Syndrome Among Adolescents, Santiago, Chile 2009-2012

Full Model” Final Model®
Variable B (95% Cl) PValue® B (95% Cl) PValue®
Early onset obesity® 0.29 (0.15 to 0.44) <.001 0.27 (0.13t0 0.41) <.001
Obesity at 16 y° 1.18 (1.02t0 1.34) <.001 1.20 (1.04 to 1.35) <.001
Female’ -0.29 (-0.40 to —-0.18) <.001 -0.26 (-0.35t0 -0.17) <.001
Birthweight, kg 0.08 (-0.05 t0 0.21) .23 - —
Breastfed >6 months 0.01(-0.09t0 0.11) .83 — —
Iron deficient during infancyg -0.02 (-0.12 t0 0.08) .73 - —
Iron supplementationh 0.05 (-0.05 to 0.15) .35 - —
Graffar index’ 0.004 (-0.01t0 0.01) .32 — —
HOME score/ 0.003 (-0.01 t0 0.01) 54 - -
Age at menarche® —0.01 (-0.06 to 0.05) .83 — —
Age at adolescent measurement -0.02 (-0.20t0 0.18) .86 — —
Physical activity score' -0.03 (-0.06 t0 0.01) .10 - —

Abbreviations: —, not calculated for parsimony; Cl, confidence interval; HOME, home observation for measurement of the environment.

@ Metabolic syndrome risk score calculated with sex-specific and race-specific equations with confirmatory factor analysis.

P Linear regression modeling, presenting 3 estimate and 95% confidence interval.
¢ Pvalues calculated by linear regression modeling, adjusted for all other listed variables in each of the models (full and final).
d Early onset obesity defined as obese at age 5 years according to World Health Organization z score cut-off >2 standard deviations for body mass index (kg/mz).

Reference: no early onset obesity.

€ Obesity at age 16 years defined as obese at 16-year follow-up according to World Health Organization z score cut-off >2 standard deviations for body mass index.

Reference: no obesity at age 16 years.
f Reference: male.

€ Includes iron deficient and iron deficiency anemia. Reference: iron sufficient.

" Iron supplementation includes: high-iron and low-iron supplementation during trial. Reference: no iron supplementation.

" Graffar index is a social stratification tool used to assess socioeconomic status (range 13-78); the higher the Graffar index, the lower the socioeconomic status

(21).

JHOME score (range 0-45) is a home environment quality assessment tool; the higher the HOME score, the better the home environment for child development

(22).
K Age at menarche for female participants.

: Physical activity score (range 0-10) assessing planned and unplanned physical and sedentary activities (26).
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Abstract

Introduction

A national diabetic retinopathy screening program does not exist
in Mexico as of 2017. Our objective was to develop a screening
tool based on a predictive model for early detection of diabetic ret-
inopathy in a low-income population.

M ethods

We analyzed biochemical, clinical, anthropometric, and so-
ciodemographic information from 1,000 adults with diabetes in
low-income communities in Mexico (from 11,468 adults recruited
in 2014-2016). A comprehensive ophthalmologic evaluation was
performed. We developed the screening tool through the follow-
ing stages: 1) development of a theoretical predictive model, 2)
performance assessment and validation of the model using cross-
validation and the area under the receiver operating characteristic
curve (AUC ROC), and 3) optimization of cut points for the clas-
sification of diabetic retinopathy. We identified points along the
AUC ROC that minimized the misclassification cost function and
considered various scenarios of misclassification costs and diabet-
ic retinopathy prevalence.

Results

Time since diabetes diagnosis, high blood glucose levels, systolic
hypertension, and physical inactivity were considered risk factors
in our screening tool. The mean AUC ROC of our model was
0.780 (validation data set). The optimized cut point that best rep-
resented our study population (z = —0.640) had a sensitivity of
82.9% and a specificity of 61.9%.

Conclusion

We developed a low-cost and easy-to-apply screening tool to de-
tect people at high risk of diabetic retinopathy in Mexico. Al-
though classification performance of our tool was acceptable
(AUC ROC > 0.75), error rates (precision) depend on false-negat-
ive and false-positive rates. Therefore, confirmatory assessment of
all cases is mandatory.

Introduction

In 2016, diabetes was declared a national epidemiologic emer-
gency in Mexico (1). In 2006, the estimated prevalence of dia-
betes in Mexican adults was 14.4% (2). Mortality rates attribut-
able to this disease in Mexico are among the highest in the world
(3). By 2012, 74.7% of Mexican adults with diagnosed diabetes
had inadequate glycemic control (4). Diabetes is associated with
the development and progression of diabetic retinopathy (5-8), a
major cause of sight loss and blindness in Latin American coun-
tries (9). A population-based survey from 2010 in the state of
Chiapas found that 38.9% of adults aged 50 or older with diabetes
had diabetic retinopathy and 21.0% had proliferative diabetic ret-
inopathy (10).

Long-term diabetes and hypertension are consistently associated
with diabetic retinopathy (5-8,11-13). The Mexican National Nu-
trition Survey 2006 found that the mean time since diabetes dia-
gnosis among adults was more than 8 years (2). In 2012, an estim-
ated 65.6% of adults with diabetes had hypertension (14). In this
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context, an epidemic of diabetes complications, including diabetic
retinopathy, could worsen in Mexico, and the study of screening
systems for diabetic retinopathy is important.

Diabetic retinopathy ranks third in direct costs generated by dia-
betes complications in Mexico (15); these costs result from spe-
cialized procedures for diagnosis and treatment. A cost-benefit
analysis to identify optimal cut points for identifying people who
are at risk for diabetic retinopathy and who need a comprehensive
ophthalmologic evaluation is an approach to developing an ad-
equate-performance screening tool (16); however, such an ap-
proach would be complex because of the detailed cost informa-
tion required.

Our objective was to develop a practical screening tool based on a
predictive model and a simplification of a cost-benefit analysis to
optimize cut points for early detection of diabetic retinopathy in
low-income communities in Mexico.

Methods

We conducted a screening protocol for eye-related complications
of diabetes from May 1, 2014, to June 30, 2016, in 3 low-income
municipalities in the state of Morelos. We recruited 11,468 adults
(aged >20 y) for a screening of chronic diseases in our mobile unit
and community health centers. From these participants, we in-
vited those with a type 2 diabetes diagnosis (n = 1,768 [15.4%]) to
a comprehensive ophthalmologic evaluation. Exclusion criteria for
this evaluation were signs of ocular infection or pregnancy.

Of the 1,768 participants, 538 declined to participate in the oph-
thalmologic evaluation, 1 person was excluded because the qual-
ity of photographs was not adequate for grading, and 229 parti-
cipants did not have a photographic assessment at the time of ana-
lysis. One thousand participants (56.6%) completed the procedure.
We obtained informed consent from all participants, and the pro-
tocol was approved by the ethics, research, and biosecurity com-
mittees of the Mexican National Institute of Public Health.

Data collection and definition of variables

All participants had at least 1 glycemic assessment (fasting [>8 h]
capillary or random capillary glycemia [glucometer method] or
fasting venous glycemia [glucose oxidase method]). Fasting ser-
um triglycerides, total cholesterol, and high-density lipoprotein
cholesterol were assessed by enzymatic method (n = 418) and ser-
um insulin with radioimmunoassay method (n = 112) for a portion
of the sample; because of logistical and budgetary constraints, the
entire sample could not be assessed for these variables.

High blood glucose was defined as a fasting glucose of 126 mg/dL
or more or, if fasting glucose was unavailable, as random glucose
of 200 mg/dL or more (17). Insulin resistance was classified by
using a homeostasis model assessment value of 3.8 or more (18).

Hypertriglyceridemia was defined as triglycerides of 150 mg/dL
or more, hypercholesterolemia as total cholesterol of 200 mg/dL
or more, and hypoalphalipoproteinemia as high-density lipopro-
tein cholesterol of less than 50 mg/dL for women and less than 40
mg/dL for men (19,20).

Blood pressure was measured twice (interval of 30 seconds). We
diagnosed high systolic/diastolic blood pressure when the average
of the assessments was >140/>90 mm Hg. Likewise, we recorded
whether participants reported a diagnosis of hypertension (21).

Weight, height, and waist circumference were measured by trained
personnel using standard protocols. Body mass index (BMI;
weight in kilograms divided by height in m? [kg/m?]) was calcu-
lated: overweight was defined as a BMI of 25.0 to 29.9 and
obesity as a BMI of 30.0 or more (22). Abdominal obesity was
defined as a waist circumference of 80 cm or more for women and
90 cm or more for men (19).

Data on sociodemographic characteristics and clinical history were
collected by trained interviewers through an adapted version of the
questionnaires applied in the National Health and Nutrition Sur-
vey of Mexico (23). We used the time since diabetes diagnosis as
a proxy of duration of type 2 diabetes and categorized it into 4 in-
tervals (<5y,5yto<10y, 10 y to <15 y and >15 y). Participants
reported whether they followed diet and physical activity recom-
mendations to control their diabetes.

We conducted a principal component analysis of 15 characterist-
ics related to household appliances and services (eg, ownership of
car, telephone, computer, vacuum cleaner, washing machine, refti-
gerator, pay television, internet) as a proxy for socioeconomic
status (SES). Similar methods have been used (14). These charac-
teristics had a factorial loading of 0.30 or more. The first principal
component was divided into tertiles and used as a proxy for low
SES, medium SES, and high SES.

Ophthalmologic evaluation

All participants were interviewed by using a validated question-
naire for ocular assessment. The following data were collected by
trained technicians: best-corrected visual acuity, refractometry (by
using an automated refractor [Huvitz HRK-7000]), and intraocu-
lar pressure (by using a rebound tonometer [Icare TA01i]). After-
wards, all participants received a photographic evaluation of their
posterior pole (45° nonmydriatic fundus camera [DRS-
Centervuel]). Participants were dilated with tropicamide only if the
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quality of the photographs was not adequate for grading. We took
3 fields of the posterior pole using a standardized protocol. The
first field centered on the optic nerve, the second field centered on
the fovea, and third field was temporal to the macula but included
the fovea. This protocol has an adequate level of sensitivity and
specificity for grading referable stages of diabetic retinopathy
(24).

All photographs were sent to Eye Knowledge Network (www.eye-
knowledge.net). All cases were masked and reviewed by trained
graders from the Hospital Luis Sanchez Bulnes of the Association
for the Prevention of Blindness in Mexico. The cases were graded
by using the Revised English Diabetic Eye Screening Program
Grading System (25), which allows prompt referral of proliferat-
ive stages of diabetic retinopathy and macular edema. Diabetic ret-
inopathy was recorded when a participant had background diabet-
ic retinopathy, preproliferative diabetic retinopathy, or proliferat-
ive diabetic retinopathy.

Statistical analysis

We tabulated categorical variables as frequency and proportion
distributions and quantitative variables as measures of central
tendency (mean or median) and dispersion (standard deviation
[SD] or interquartile range). We set statistical significance at an o
of .05. We compared measures of central tendency according to
diabetic retinopathy status of participants (has diabetic retino-
pathy or does not have diabetic retinopathy) by using the Student ¢
test or Mann—Whitney U test, depending on the distribution of the
quantitative variables. We used a y? test or Fisher exact test to
compare the prevalence of diabetic retinopathy across categories
of nonquantitative variables. We conducted a descriptive analysis
to compare sociodemographic and clinical characteristics and dia-
betic retinopathy risk factors between participants and nonparti-
cipants.

We developed the screening tool in 3 stages: 1) we developed the
theoretical predictive model, 2) we assessed the performance of
the model and conducted a validation analysis, and 3) we optim-
ized risk-score cut points for diabetic retinopathy classification.

Development of the theoretical predictive model

For multivariate analysis, we included only participants who had
complete information on diabetic retinopathy status (the depend-
ent variable), and we determined whether at least 95% of the parti-
cipants provided information for each of the independent vari-
ables. If 5% or more of the participants did not provide informa-
tion for an independent variable (theoretical risk factors of diabet-
ic retinopathy), we used multiple imputation through a logistic re-

gression model, where diabetic retinopathy, sex, age, and self-re-
ported diabetes screening were the independent variables, to com-
plete the information.

We generated a predictive probit model based on theoretical risk
factors of diabetic retinopathy (5-8,11-13). We decided to use this
model to develop our tool because of its easy interpretability as a z
score from its linear equation and because it provides a predicted
probability for the linear predictor (applying the standard normal
cumulative function). Familiarity with this distribution provides a
better understanding of coefficients and predicted z scores. The
dependent variable was diabetic retinopathy, and the 4 predictors
were time since diabetes diagnosis, high blood glucose, high
systolic blood pressure, and physical inactivity. We estimated
probabilities adjusted by covariables of having diabetic retino-
pathy given each risk factor category though predictive margins.

Perfor mance assessment and validation

We used the k-fold cross-validation method (k = 10 partitions) and
the area under the receiver operating characteristic curve (AUC
ROC). To assess the performance of the model in training and val-
idation data sets, we randomly divided the sample into 10 parti-
tions. In each partition, one segment was reserved for model valid-
ation (validation data set, n ~ 10%), while the rest of the sample in
this partition was used as a training subsample (training data set, n
~90%). We calculated the AUC ROC for each iteration and its
mean for the 10 iterations.

Optimization of risk-score cut pointsfor diabetic
retinopathy classification

We developed a risk score for diabetic retinopathy based on the z
predictor of our statistical model. In this way, the attributable
score of each risk factor was equivalent to its probit coefficient.

The use of a cost-benefit analysis to select cut points implies
knowledge of true and false classification costs; however, it is dif-
ficult to have such complete information. To select the optimal cut
points of the z predictor to classify diabetic retinopathy, we de-
cided to focus on misclassification costs only through the misclas-
sification cost term (16). We identified points along the ROC
curve that minimized the misclassification cost function for vari-
ous scenarios of misclassification costs and diabetic retinopathy
prevalence. The costs of true classification were assumed as null,
and the examples of the variations of misclassification ratios were
set according to consequences in health costs of screening for dia-
betic retinopathy.

We estimated sensitivity and specificity across AUC ROC and iso-
cost curves, which minimized the costs of misclassification. Like-
wise, we estimated positive predictive values and negative predict-
ive values.
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We considered the following scenarios for the optimization of the
cut points: diabetic retinopathy prevalence of 35.0%, 40.0%, and
45.0%, and the observed prevalence in our sample. We examined
various ratios of cost misclassification (classification costs of false
negatives divided by classification costs of false positives). We
examined ratios of 1, 4, and 10, assuming that classification of a
false negative would generate higher health care costs than would
classification of a false positive.

The statistical analysis was conducted by using Stata version 13.1
(StataCorp LLC) and RStudio version 1.0.136 with the Optimal-
Cutpoints package.

Results

The mean age of our sample was 57.2 y (SD, 11.0 y), and 73.0%
were women. The prevalence of diabetic retinopathy was 31.7%
(Table 1); 18.9% had background diabetic retinopathy, 5.7% had
preproliferative diabetic retinopathy, and 7.1% of participants had
active proliferative diabetic retinopathy.

The prevalence of diabetic retinopathy was significantly higher
among participants with insulin resistance, high blood glucose,
and hypertension than among participants without those condi-
tions. Participants with diabetic retinopathy had significantly
longer times since diabetes diagnosis, higher blood glucose levels,
and higher systolic blood pressure than those without diabetic ret-
inopathy. In contrast, the prevalence of diabetic retinopathy was
lower among participants who were overweight or obese, had ab-
dominal obesity, or used physical activity to control their diabetes
than among participants without these characteristics. The preval-
ence of diabetic retinopathy was highest, by SES, in the lowest ter-
tile of SES and highest, by marital status, among divorced adults
(Table 1).

We found no significant differences in the distribution of so-
ciodemographic characteristics, clinical characteristics, or diabetic
retinopathy risk factors between participants and nonparticipants.

Development and cross-validation of predictive
model

From all independent variables included in our model, except
physical activity (data were missing for 17.0% of participants),
had at least 95.0% of information. After multiple imputation ana-
lysis for physical activity, we obtained a probit model with 939
observations.

According to our multivariate analysis (Table 2), time since dia-
betes diagnosis was positively associated with the estimated prob-
ability of diabetic retinopathy. For example, the probability of dia-
betic retinopathy was 11.4% (95% confidence interval [CI],

7.9%—-14.9%) when time since diabetes diagnosis was less than 5
years, whereas the probability was 56.0% (95% CI, 49.5%—62.6%)
when time since diabetes diagnosis was 15 years or more. Simil-
arly, the probability of diabetic retinopathy was higher among
those with high blood glucose (35.6%) and high systolic blood
pressure (37.4%) than among those without those conditions
(23.9% and 29.3%, respectively). On the other hand, participants
who reported using physical activity to control diabetes had a
lower predicted probability of diabetic retinopathy (25.4%) than
those who reported not using physical activity (34.8%).

According to the cross-validation analysis (Table 3), the diagnost-
ic performance of our model was similar between training data
sets (mean AUC ROC = 0.780) and validation data sets (mean
AUC ROC =0.778).

Risk-score cut points for diabetic retinopathy
classification

According to the prevalence of diabetic retinopathy observed with
misclassification ratios of 1, 4, and 10, the optimal cut points were
—0.046, —0.640, and —1.209, respectively (Table 4).

Four points minimized the misclassification costs given the ROC
curve of our model (Figure). The optimized cut point according to
a misclassification ratio of 4 and the diabetic retinopathy preval-
ence observed in our sample (31.7%) was z=—0.640, with a sens-
itivity of 82.9%, a specificity of 61.9%, a positive predictive value
of 50.3%, and a negative predictive value of 88.6% (Table 4).
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Sensitivity

1. Check one box per question.
2. Sum the corresponding scores of each checked box and

then subtract 1.48.

3. Use the cut point closest to the diabetic retinopathy preval-

ence of the population in which you are applying this tool.

4. If the patient obtained a higher or equal score to the cut

point used, the patient must be referred to specialized
health services for a comprehensive ophthalmologic evalu-
ation.

Risk Factors for Diabetic Retinopathy Score

The information of the following 2 questions must be obtained
by direct interview:

1. How long have you been diagnosed with type 2 diabetes?

<5 years o 0
5to9yearso 0.55
10 to 14 years O 1.16
>15 years o 1.41
0.0 0.2 04 0.6 0.8 1.0 2. Do you use physical activity to control blood sugar?
1 - Specificity No o 0
Figure. Area under the receiver operating characteristic (ROC) curve and Yes o (If you checked yes for this question, you must -0.33
points along the ROC curve corresponding to optimized cut points given a cost subtract 0.33)

ratio (classification costs of false negatives divided by classification costs of
false positives) equal to 4 and various scenarios of diabetic retinopathy
prevalence: a) 31.7%, the observed prevalence in the study population; b) and
c) prevalence of 35.0% and 40.0%; and d) prevalence of 45.0%.

On the basis of our data, we propose a risk-score screening tool
(Box): A health care provider (can be a nonspecialized provider)
asks the patient 2 questions (on time since diabetes diagnosis and
use of physical activity to control diabetes) and obtains 2 measure-
ments (blood glucose and systolic blood pressure). Each response
is scored, the scores are summed, and a final score is calculated.
The health care provider consults a simple chart that shows 4
levels of diabetic retinopathy prevalence, chooses the prevalence
that most closely matches the prevalence of the community in
which the patient resides, and then identifies the cut point that cor-
responds with the prevalence. If the patient has a score equal to or
greater than the cut point, the patient should be directed to receive
a comprehensive ophthalmologic evaluation.

Box. Proposed Screening Tool for Diabetic Retinopathy in Mexican Adults
Aged >20 With Type 2 Diabetes, Given a Cost Ratio (Classification Costs of
False Negatives Divided by Classification Costs of False Positives) of 4

Application Instructions:

The information of the following 2 questions must be obtained
from measurements carried out by the interviewer:

3. The patient had fasting capillary or venous glucose higher or equal to
126 mg/dL or random capillary glucose higher or equal to 200 mg/dL?

No o 0

Yes O 0.41

4. The patient presented systolic blood pressure higher or equal to 140
mm Hg?

No o 0

Yes o 0.27

Sum of scores

Subtract 1.48

Final score

 If prevalence of diabetic retinopathy is close to 31.7%, then

cut point is —0.640

 If prevalence of diabetic retinopathy is close to 35.0%, then

cut point is —1.017

 If prevalence of diabetic retinopathy is close to 40.0%, then

cut point is —1.017

« If prevalence of diabetic retinopathy is close to 45.0%, then

cut point is —1.190
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Discussion

We developed a practical screening tool for diabetic retinopathy
that could be used by nonspecialized health care personnel in low-
income settings. The tool requires information on 4 risk factors.
Other risk scores exist (26,27); unlike these, we optimized various
cut points according to misclassification costs and diabetic retino-
pathy prevalence. This optimization allows the application of this
tool in various contexts.

We assumed that classifying people as not having diabetic retino-
pathy when they actually have the condition (false negative)
would result in higher long-term health care costs than would clas-
sifying them with the disease when they do not have it (false posit-
ive), because without timely diagnosis and treatment, these people
are likely to progress to advanced stages of the condition. We re-
commend using the cut points for misclassification ratios of 4 and
10, which gives greater importance to sensitivity than to spe-
cificity. Although this recommendation substantially decreases
specificity, it does not imply negative health effects, because all
people with type 2 diabetes should receive an ophthalmologic
evaluation when diabetes is diagnosed (17).

Although the rate of false positives generated by our tool could in-
crease health care costs (as a result of comprehensive ophthalmo-
logic evaluations), the application of our tool could help improve
compliance with recommendations for obtaining these evaluations.
In addition, the benefits of timely diagnosis and treatment could
compensate for any increases in health care costs.

Although we did not have complete information for a cost-benefit
analysis, we showed how results changed when the relative im-
portance of the cost of false negatives (type 2 error) to the cost of
false positives (type 1 error) varied. We set false-negative rates to
be higher than false-positive rates because the health care costs
resulting from delays in diagnosis and treatment of false negatives
may be high in the context of the screening of diabetic retino-
pathy. Although the classification performance of our tool was ac-
ceptable (AUC ROC > 0.75), the precision of classification de-
pends on the false-negative rate and false-positive rate. Therefore,
confirmatory assessment of all cases is mandatory. Additionally,
the negative cases identified by this tool also are at some risk of
diabetic retinopathy, so periodic exploratory evaluations should be
performed in all patients with diabetes.

We presented misclassification ratios only as examples: different
ratios could be assumed for future research or in different con-
texts. Our study demonstrated a simplified approach for develop-
ing a screening tool based on a misclassification-cost criterion. Fu-

ture research should focus on the assignment of costs for the 4
classification types (true positives, true negatives, false positives,
and false negatives) on diabetic retinopathy screening context.

We found that systolic blood pressure and the lack of physical
activity were associated with diabetic retinopathy; some studies
showed that high systolic blood pressure is a potentially modifi-
able risk factor for diabetic retinopathy (7,12). Physical inactivity
could be another important modifiable risk factor for diabetic ret-
inopathy because it is associated with poor glycemic control (28).
Our study showed that a simple question about physical activity
can predict a significantly lower probability of diabetic retino-
pathy. Although the question cannot determine whether a person is
implementing this lifestyle recommendation, it may reflect aware-
ness and knowledge of self-care practices.

Consistent with other researchers (29,30), we observed a negative
effect of obesity on diabetic retinopathy. Participants with over-
weight and obesity had lower levels of blood glucose and less time
since diabetes diagnosis than did underweight and normal-weight
participants (data not shown). We believe that the negative effect
of obesity on diabetic retinopathy may be attributed to the fact that
people with excess weight are experiencing an earlier stage of dia-
betes than people with normal or low weight.

We found a higher proportion of women (73.0%) than men in our
study sample possibly because women engage in self-care prac-
tices and informal unpaid activities more than men do; this en-
gagement may have facilitated their attendance to the recruitment
process. We found a lower systolic blood pressure among women
than among men (data not shown), which, given the higher pro-
portion of women, could have underestimated the effect of systol-
ic blood pressure in our analysis.

Our study has limitations. We did not measure HbA 1c, which pre-
vented us from adjusting our model by a variable of long-term gly-
cemic control. However, our model adequately predicted diabetic
retinopathy using parameters that are easier to measure and less
expensive than an HbA1c test, which is not available at all primary
health care service locations in Mexico.

An important portion of the population with type 2 diabetes may
not receive a diagnosis for years (17). In Mexico, almost half of
the population with diabetes is not diagnosed during routine health
care, and many of them have complications that indicate many
years of living with the disease (2). However, it was not possible
to assess how long our study participants had been living with dia-
betes. Because the onset of type 2 diabetes can occur at any point
during adulthood (random error), age is not the best indicator of
diabetes duration. Instead of age, we used time since diagnosis as
a variable for diabetes duration. Self-report of time since diabetes
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diagnosis may underestimate duration, but we considered it to be a
nondifferential systematic error that did not affect our results.
People with type 2 diabetes may recall onset of their disease inac-
curately, but the inaccuracy is the same across the population of
people with diabetes, and recall of onset is independent of the dia-
betic retinopathy condition.

The high health cost of diabetic retinopathy in Mexico is due in
part to the lack of a program designed to prevent diabetes complic-
ations (15). A challenge for our team will be to develop pilot stud-
ies that evaluate the feasibility, functionality, and costs of offering
our screening tool at primary health care service locations as a
strategy for strengthening the system for ophthalmologic evalu-
ation of people with diabetes.

Early detection strategies must be implemented to reduce the bur-
den of diabetic retinopathy. Our new screening tool is a promising
approach and a practical strategy with an adequate performance to
detect risk of diabetic retinopathy in adults with type 2 diabetes in
low-income communities in Mexico.
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Tables

Table 1. Prevalence of Diabetic Retinopathy? by Sociodemographic and Clinical Characteristics, and Means/Medians for Other Clinical Characteristics by Diabetic
Retinopathy? Status of Study Population in 3 Low-Income Municipalities, Mexico, 2014-2016

- Has Diabetic Retinopathy, % Dogs Not Have Diabetic B
Characteristics Total (N = 1,000) (n=317) Retinopathy, % (n = 683) PValue
Overall 1,000 31.7 68.3
Sex‘

Female 730 30.6 69.4

Male 270 34.8 65.2 20
Socioeconomic status®

Low 332 35.5 64.5

Middle 332 32.8 67.2 .04
High 331 26.6 73.4

Marital status®

Single 100 20.0 80.0

Married 675 31.6 68.4

Divorced 77 41.6 58.4 o
Widowed 133 35.3 64.7

Can speak an indigenous language®

Yes 47 34.0 66.0

No 949 315 68.5 i
Education®

None 162 34.6 65.4

Some elementary school 454 33.5 66.5

Some junior high school 237 329 67.1 .06
Some high school 82 23.2 76.8

Some bachelor’s degree or more 63 19.1 80.9

Health system affiliation®

None 83 30.1 69.9 26

Abbreviations: HOMA, homeostasis model assessment; IMSS, the Mexican Social Security Institute (Spanish: Instituto Mexicano del Seguro Social); IQR, interquart-
ile range; ISSSTE, the Institute for Social Security and Services for State Workers (Spanish: Instituto de Seguridad y Servicios Sociales de los Trabajadores del Es-
tado).

@ Diabetic retinopathy classification according to Revised English Diabetic Eye Screening Program Grading System (grade 1, grade 2, or grade 3) (25).

b x2 test (contingency tables for more than 2 categories or proportion comparison), Student t test, or Mann-Whitney U test.

°The percentage of participants with missing data was <5.0% or with complete information.

9 Socioeconomic index developed by using first principal component methodology.

€ Prevalence of diabetic retinopathy was 32.5% among those measured for triglycerides, total cholesterol, and high-density lipoprotein cholesterol (n = 418).

f Prevalence of diabetic retinopathy was 25.9% among those measured for insulin (n = 112).

€ The percentage of participants with missing data >5.0%.

_h Determined by answer to question “Do you have any other treatment for sugar control?” Exercise (no/yes) and diet (yes/no) were provided as possible responses.
f Prevalence of diabetic retinopathy was 30.7% among those measured for fasting capillary glucose (n = 423).

) Prevalence of diabetic retinopathy was 31.6% among those measured for random capillary glucose (n = 402).

K prevalence of diabetic retinopathy was 32.5% among those measured for fasting venous glucose (n = 418).

(continued on next page)
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(continued)

Table 1. Prevalence of Diabetic Retinopathy? by Sociodemographic and Clinical Characteristics, and Means/Medians for Other Clinical Characteristics by Diabetic
Retinopathya Status of Study Population in 3 Low-Income Municipalities, Mexico, 2014-2016

o Has Diabetic Retinopathy, % Does Not Have Diabetic &
Characteristics Total (N = 1,000) (n=317) Retinopathy, % (n = 683) PValue
IMSS 150 27.3 72.7
ISSSTE 72 23.6 76.4
Seguro Popular 681 335 66.5
Private 13 46.2 53.8
Other 1 0.0 100.0
Body mass index,® kg/m?
<25.0 247 44.9 55.1
25.0-29.9 416 30.8 69.2 <.001
>30.0 321 23.1 76.9

Abdominal obesity (waist circumference 280 cm for women and =290 ¢cm for men)°

Yes 869 30.4 69.6
.008
No 115 42.6 57.4
Triglycerides 2150 mg/dL®
Yes 294 34.0 66.0 9
No 124 29.0 70.1 '
Cholesterol 2200 mg/dL®
Yes 168 375 62.5
.08
No 250 29.2 70.8
High-density lipoprotein cholesterol <50 mg/dL for women and <40 mg/dL for men®
Yes 329 313 68.7
.30
No 89 37.1 62.9
Insulin resistance HOMA index >3.8"
Yes 48 39.6 60.4
.004
No 64 15.6 84.4
High blood glucose® (fasting glucose 2126 mg/dL or random glucose 2200 mg/dL)
Yes 603 38.1 61.9
<.001

Abbreviations: HOMA, homeostasis model assessment; IMSS, the Mexican Social Security Institute (Spanish: Instituto Mexicano del Seguro Social); IQR, interquart-
ile range; ISSSTE, the Institute for Social Security and Services for State Workers (Spanish: Instituto de Seguridad y Servicios Sociales de los Trabajadores del Es-
tado).

@ Diabetic retinopathy classification according to Revised English Diabetic Eye Screening Program Grading System (grade 1, grade 2, or grade 3) (25).

b x2 test (contingency tables for more than 2 categories or proportion comparison), Student t test, or Mann-Whitney U test.

°The percentage of participants with missing data was <5.0% or with complete information.

9 Socioeconomic index developed by using first principal component methodology.

€ Prevalence of diabetic retinopathy was 32.5% among those measured for triglycerides, total cholesterol, and high-density lipoprotein cholesterol (n = 418).

f Prevalence of diabetic retinopathy was 25.9% among those measured for insulin (n = 112).

€ The percentage of participants with missing data >5.0%.

_h Determined by answer to question “Do you have any other treatment for sugar control?” Exercise (no/yes) and diet (yes/no) were provided as possible responses.
f Prevalence of diabetic retinopathy was 30.7% among those measured for fasting capillary glucose (n = 423).

) Prevalence of diabetic retinopathy was 31.6% among those measured for random capillary glucose (n = 402).

K prevalence of diabetic retinopathy was 32.5% among those measured for fasting venous glucose (n = 418).

(continued on next page)
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(continued)

Table 1. Prevalence of Diabetic Retinopathy? by Sociodemographic and Clinical Characteristics, and Means/Medians for Other Clinical Characteristics by Diabetic
Retinopathya Status of Study Population in 3 Low-Income Municipalities, Mexico, 2014-2016

Has Diabetic Retinopathy, % Does Not Have Diabetic &
Characteristics Total (N = 1,000) (n=317) Retinopathy, % (n = 683) PValue
No 345 20.0 80.0
General hypertension® (previous diagnosis or measurement of blood pressure 2140/290 mm Hg)
Yes 524 35.5 64.5 006
No 469 27.3 72.7 '
Physical activity used to control diabetes® h
Yes 272 26.8 73.2 o1
No 554 35.6 64.4 '
Diet used to control diabetes®"
Yes 345 30.4 69.6 3
No 483 34.4 65.6 '
Age, mean (SD), y° 57.2 (11.0) 57.9 (9.3) 56.9 (11.7) .16
Time since diabetes diagnosis, 7.0 (3.0-14.0) 13.0(8.0-18.0) 5.0(2.0-10.0) <001
median (IQR), y° )
Fasting capillary glucose, median 149.0 (118.0-221.0) 194.5 (140.0-243.0) 137.0 (113.0-195.0) <001
(IQR), mg/dL' ’
Random capillary glucose, median 214.5 (155.0- 295.0) 240.0 (182.0-325.0) 196.0 (148.0-273.0) <001
(IQR), mg/dL’ ’
Fastin%venous glucose, median (IQR), 153.0 (117.0-219.0) 198.0 (146.0-252.0) 135.5(110.0-197.0) <001
mg/dL ’
Insulin, median (IQR), pulUu/mLf 9.75 (6.7-13.8) 10.4 (7.3-15.6) 9.5 (6.6-13.7) 48
Systolic blood pressure, median (IQR), 127.5 (115.5-142.0) 131.5(118.5-147.5) 126.5 (114.0-140.0) <001
mm Hg° .
Diastolic blood pressure, median 72.0 (64.0-79.5) 72.5 (65.0-80.5) 71.5(63.5-79.5) 19
(IQR), mm Hg’ .

Abbreviations: HOMA, homeostasis model assessment; IMSS, the Mexican Social Security Institute (Spanish: Instituto Mexicano del Seguro Social); IQR, interquart-
ile range; ISSSTE, the Institute for Social Security and Services for State Workers (Spanish: Instituto de Seguridad y Servicios Sociales de los Trabajadores del Es-
tado).

@ Diabetic retinopathy classification according to Revised English Diabetic Eye Screening Program Grading System (grade 1, grade 2, or grade 3) (25).

b x2 test (contingency tables for more than 2 categories or proportion comparison), Student t test, or Mann-Whitney U test.

°The percentage of participants with missing data was <5.0% or with complete information.

9 Socioeconomic index developed by using first principal component methodology.

€ Prevalence of diabetic retinopathy was 32.5% among those measured for triglycerides, total cholesterol, and high-density lipoprotein cholesterol (n = 418).

f Prevalence of diabetic retinopathy was 25.9% among those measured for insulin (n = 112).

€ The percentage of participants with missing data >5.0%.

_h Determined by answer to question “Do you have any other treatment for sugar control?” Exercise (no/yes) and diet (yes/no) were provided as possible responses.
f Prevalence of diabetic retinopathy was 30.7% among those measured for fasting capillary glucose (n = 423).

) Prevalence of diabetic retinopathy was 31.6% among those measured for random capillary glucose (n = 402).

K prevalence of diabetic retinopathy was 32.5% among those measured for fasting venous glucose (n = 418).
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Table 2. Predictive Multivariate Model in the Development of a Screening Tool for Diabetic Retinopathy for Use in Low-Income Communities, Mexico, 2014-2016

Predictive Probit Model (n = 939)°

Risk Factors for Diabetic Retinopathy Coefficient (SE) PValue® Estimated Probability®, % (95% Cl) PValue®
Time since diabetes diagnosis, y

<5 _d _d 11.4 (7.9-14.9) _d
5to <10 0.55 (0.13) <.001 24.9 (19.2-30.6) <.001
10 to <15 1.16 (0.14) <.001 46.6 (39.4-53.9) <.001
>15 1.41(0.13) <.001 56.0 (49.5-62.6) <.001
High blood glucose (fasting venous or capillary glucose 2126 mg/dL or random capillary glucose 2200 mg/dL)

No - - 23.9(19.5-28.3) -
Yes 0.41 (0.10) <.001 35.6 (32.2-39.0) <.001
High systolic blood pressure (2140 mm Hg)

No _d _d 29.3 (26.2-32.4) _d
Yes 0.27 (0.10) .007 37.4 (32.3-42.5) .007
Physical activity used to control diabetes®

No - - 34.8(31.4-38.2) -
Yes -0.33 (0.11) .002 25.4 (20.9-30.0) .002
Constant -1.48 (0.12) <.001 _d _d

Abbreviations: Cl, confidence interval; SE, standard error.

@ Multivariate probit model with any grade of diabetic retinopathy (grade 1, grade 2, or grade 3) as dependent variable according to Revised English Diabetic Eye

Screening Program Grading System (25).

® pvalue for probit coefficients or for comparison of estimated probabilities among categories and lowest category of different variables.

€ Obtained by predictive margins.

9 Lowest category or estimated probability of constant.

€ Determined by answer to question “Do you have any other treatment for sugar control?” Exercise (no/yes) was provided as a possible response.
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Table 3. Cross-Validation Analysis (k = 10) of Predictive Probit Model (n = 939) in the Development of a Screening Tool for Diabetic Retinopathy for Use in Low-
Income Communities, Mexico, 2014-2016

Iteration Training Data Set (n ~ 90%), AUC ROC (95% Cl) Validation Data Set (n ~ 10%), AUC ROC (95% Cl)

1 0.775 (0.742-0.809) 0.806 (0.720-0.891)
2 0.780 (0.747-0.813) 0.784 (0.690-0.877)
3 0.783(0.751-0.815) 0.756 (0.642-0.870)
4 0.782 (0.750-0.814) 0.764 (0.659-0.869)
5 0.777 (0.744-0.810) 0.806 (0.712-0.899)
6 0.779(0.747-0.811) 0.780 (0.664-0.896)
7 0.786 (0.754-0.818) 0.723 (0.603-0.842)
8 0.783 (0.750-0.815) 0.754 (0.653-0.855)
9 0.774 (0.740-0.807) 0.830 (0.746-0.914)
10 0.778 (0.746-0.811) 0.776 (0.672-0.881)
Average 0.780 0.778

Abbreviations: AUC ROC, area under the receiver operating characteristic curve; Cl, confidence interval.
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Table 4. Diagnostic Tests for Cut Points of a Screening Tool for Diabetic Retinopathy for Use in Low-Income Communities, by Misclassification-Cost Ratio and Vari-
ous Scenarios of Diabetic Retinopathy Prevalence, Mexico, 2014-2016

Predictive Probit Model (n = 939)°
Misclassification Cost Ratio” Sensitivity, % Specificity, % Positive Predictive Value, % Negative Predictive Value, % z Cut Point
Diabetic retinopathy prevalence of 31.7% (observed)
1 56.4 83.0 60.7 80.4 -0.046
4 82.9 61.9 50.3 88.6 -0.640
10 96.6 28.7 38.7 94.9 -1.209
Diabetic retinopathy prevalence of 35.0%
1 60.1 81.1 63.2 79.1 -0.121
4 90.9 45.9 475 90.4 -1.017
10 96.6 28.7 42.2 94.1 -1.209
Diabetic retinopathy prevalence of 40.0%
1 67.8 76.4 65.7 78.1 -0.305
4 90.9 45.9 52.8 88.4 -1.017
10 96.6 28.7 47.5 92.8 -1.209
Diabetic retinopathy prevalence of 45.0%
1 715 74.0 69.2 76.0 -0.374
4 96.0 31.7 53.5 90.6 -1.190
10 96.6 28.7 52.6 91.3 -1.209

& Multivariate probit model with any grade of diabetic retinopathy (grade 1, grade 2, or grade 3) as dependent variable according to Revised English Diabetic Eye

Screening Program Grading System (25). Estimated coefficients from the multivariate probit model are shown in Table 2.

b Misclassification-cost ratio = cost of classification of false negatives divided by cost of classification of false positives. Ratios of 1, 4, and 10 were used, assum-
ing that false-negative classification of a person receiving diabetic retinopathy screening would generate greater health costs than would a false-positive classifica-

tion.
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Abstract

Introduction

Chronic diseases are increasing across the world. Examination of
local geographic variation in chronic disease patterns can enable
policy makers to identify inequalities in health outcomes and tail-
or effective interventions to communities at higher risk. Our study
aimed to determine the geographic variation of obesity, cardiovas-
cular disease (CVD), and type 2 diabetes, using general practice
clinical data. Further objectives included identifying regions of
significantly high and low clusters of these conditions and assess-
ing their association with sociodemographic characteristics.

Methods

A cross-sectional approach was used to determine the prevalence
of obesity, CVD, and type 2 diabetes in western Adelaide, Aus-
tralia. The Getis-Ord Gi* method was used to identify significant
hot spots of the conditions. Additionally, we used the Pearson cor-
relation test to determine the association between disease clusters
and risk factors, including socioeconomic status (SES), smoking
history, and alcohol consumption.

Results

The spatial distribution of obesity, CVD, and type 2 diabetes var-
ied across communities. Hot spots of these conditions converged
in 3 locations across western Adelaide. An inverse relationship
was observed between area-level prevalence of CVD, obesity, and
type 2 diabetes with SES.

Conclusion

Identification of significant disease clusters can help policy
makers to target prevention strategies at the right people, in the
right location. The approach taken in our study can be applied to
identify clusters of other chronic diseases across the world,
wherever researchers have access to clinical data.

Introduction

The global prevalence of obesity is a major threat to public health
because of its steep increase in recent years (1,2). This trend is of
international concern, with over 13% of men and 21% of women
in the world classified as obese according to their body mass in-
dex (BMI) (1). Although the financial burden of high BMI raises
concerns about the effectiveness of intervention strategies (3-5),
increasingly more attention is placed on the role of obesity in the
development of other chronic diseases (1). The relationship
between obesity, cardiovascular disease (CVD), and type 2 dia-
betes mellitus is well documented, with high BMI associated with
the development of atherosclerosis, hypertension, and insulin res-
istance (6—9). Because obesity is a clear risk factor of chronic dis-
ease, questions are raised about whether obese populations have
higher rates of CVD and type 2 diabetes.

The reported interplay of sociodemographic characteristics and
lifestyle factors in the development of adulthood obesity supports
the notion that high BMI is not randomly distributed within a pop-
ulation (3,10). Therefore, the implementation of intervention pro-
grams that target all individuals within a population are limited in
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their capacity to create change. Intervention strategies need to be
tailored to communities where clusters of obesity, CVD, and type
2 diabetes exist. Examination of local geographic variation and the
identification of the hot spots is a novel approach to inform policy
and practice about inequalities in health outcomes.

The primary objective of our study was to determine the geo-
graphic variation of obesity, CVD, and type 2 diabetes in an Aus-
tralian community, using general practice clinical data. Secondary
objectives included the identification of regions of significantly
high and low clusters of these conditions and the determination of
their relationship with sociodemographic characteristics.

Methods

A clinical data set of de-identified patient records (n = 84,387)
from 2010 through 2014 was acquired from 16 general practices
across western Adelaide, South Australia. Obesity was defined as
a BMI of 30.0 or higher, as calculated by clinical measurements of
an individual’s weight and height (kg/m?). CVD was defined as
having at least 1 of the following 5 CVD events: carotid stenosis,
chronic heart disease, heart failure (chronic and acute), myocardi-
al infarction, or peripheral vascular disease. Active type 2 dia-
betes was defined by prior diagnosis from a medical practitioner.
The study obtained ethics approval from the Australian National
University Human Ethics Committee (protocol 2014/174).

Data analysis was restricted to individuals aged 35 to 74 years.
Active patients (individuals who had visited their general practi-
tioner at least 3 times between 2012 and 2014) with complete data
on sociodemographic characteristics and geographic information
were included in the individual-level analysis (n = 20,594). After
exclusion of individuals residing outside of western Adelaide, pa-
tients’ medical records were geo-linked to Australian Bureau of
Statistics (ABS) Statistical Area Level 1 (SA1) regions (mean, 400
individuals per SA1) (11). Active patients across 490 SA1 regions
(n=17,716; mean, 36 patients per SA1) were included in the pop-
ulation-level analysis. Only SA1 regions with 5 or more patients
were included to preserve patient privacy.

Descriptive analysis

Mean BMI and frequency of CVD and type 2 diabetes diagnosis
were determined for sex, age category, and SES through use of the
Stata software (version 14; StataCorp LP). SES was classified in-
to tertiles based on ABS Socioeconomic Indexes for Areas
(SEIFA) data, including low socioeconomic, moderate socioeco-
nomic, and high socioeconomic regions (12). Mean BMI and dis-
ease frequency was further calculated for each discrete BMI cat-
egory, including the underweight class (<18.5), normal class
(18.5-24.9), overweight class (25.0-29.9) and obese class (>30.0).

Additionally, mean BMI and disease frequency was determined
for tobacco smoking status, frequency of alcohol consumption,
and total cholesterol level. Using definitions from the Metadata
Online Registry (13), individuals were classified as having
smoked tobacco throughout their life or as not having smoked. In-
dividuals who consumed alcohol at least once in the past year
were identified as alcohol consumers and those who had not con-
sumed alcohol in the past year were identified as not alcohol con-
sumers (13). Cholesterol levels were classified as either normal or
high: normal cholesterol was defined as less than 5.5 mol/L and
high cholesterol was defined 5.5 mol/L or higher (14). For all risk
factors, individuals with incomplete records were excluded from
the descriptive analysis. The percentage of individuals with CVD
and type 2 diabetes in each subpopulation was calculated by dir-
ect standardization to allow for within-group and between-group
comparisons. The statistical significance of the difference in BMI
and disease prevalence between each subpopulation was further
calculated using the non-parametric Kruskal-Wallis test.

Spatial analysis

Mean BMI and percentage of individuals diagnosed with CVD
and type 2 diabetes were aggregated at the SA1 level for western
Adelaide. The regional variation was mapped across western Ad-
elaide communities for continuous values of BMI, CVD, and type
2 diabetes diagnosis. Values were categorized into 4 groups using
the Jenks natural breaks classification method (separation of data
based on naturally occurring groups, determined to be the best ar-
rangement of data) (15). A similar technique was used to map the
geospatial variation of SES in western Adelaide, although SAT re-
gions were instead categorized into 3 groups based on the ABS
SEIFA tertiles.

Local spatial clusters at the SA1 level with obesity, CVD, and type
2 diabetes were examined using the Getis-Ord Gi* technique
(16,17). This tool compares the local sum of, for example, obesity
values (the sum of obesity values of the targeted SA1 area and its
neighboring SA1s) to the sum of obesity values of all SAls with-
in the study area. A significant, positive z score indicates a local
high-rate cluster (hot spot). Hot spots are detected when an SAI
with high rates of disease is surrounded by SAls that also have
high rates of disease; the observed local sum of disease is higher
than the expected local sum, and the difference is too large to be
the result of chance alone. Similarly, a significant, negative z score
indicates a local low-rate cluster (cold spot), where an SA1 with
low rates is surrounded by SA1s with low rates (16,17). Signific-
ant hot spot and cold spot clusters were visualized in the western
Adelaide area to highlight communities with high rates and low
rates of obesity, CVD, and type 2 diabetes.
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Resulting visual representations of the spatial distribution of
obesity, CVD, and type 2 diabetes promoted comparison of dis-
ease hot spots and cold spots, allowing conclusions to be made
about the convergence of the 3 conditions. Pearson correlation
statistics were used to determine the global relationship between
SES and the 3 conditions, with further comparisons made between
the prevalence of CVD and type 2 diabetes. For the spatial analys-
is, we used ArcGIS software (version 10.4, Esri).

Results

Descriptive statistics

The prevalence of obesity in the sample population was 43.2%
(Table 1). Mean BMI across sex, age category, and SES was con-
stant, with total variation at most 1.4 kg/m* between high SES and
low SES. Men had a significantly higher BMI than women (P <
.001) and increasing age had a significant, positive relationship
with increasing BMI (P < .001). This trend was further seen for
CVD and type 2 diabetes diagnosis, with men reporting a signific-
antly higher diagnosis rate than women (P < .001 for each). CVD
prevalence was 3 times higher in men than in women, where 9.1%
of men reported at least 1 cardiovascular event throughout their
life. Type 2 diabetes diagnosis rates were 3 percentage points
higher in men than in women.

The prevalence of CVD events and type 2 diabetes also had a sig-
nificant, positive association with increasing age (P < .001 for
each), with adults aged 65 to 74 years reporting the highest rate of
diagnosis. In comparisons between the age groups of 35 to 44 and
65 to 74 years, the prevalence of CVD events among older adults
was 40 times higher than that in younger adults, and the occur-
rence of type 2 diabetes diagnosis was 5 times higher in adults
aged 65 to 74 years (Table 1).

Differences in disease prevalence related to SES were smaller than
those associated with sex and age (Table 1). Individuals with high
SES had lower diagnosis rates of CVD or type 2 diabetes than did
individuals with a low or moderate SES. This inverse relationship
indicates that even individuals with a moderate SES have a lower
prevalence of all conditions than those in the lowest tertile.
However, differences were only at most 1.4% lower across the
sample population for CVD events.

The percentage of individuals diagnosed with type 2 diabetes and
CVD had a significant, positive association with increasing BMI
(P <.001 for each). Obese individuals had a higher rate of type 2
diabetes (4.4 times higher) and CVD events (2.1 times higher)
than those in the normal BMI range (Table 2).

Individuals with high total cholesterol levels did not have a higher
prevalence of type 2 diabetes or CVD events than individuals with
normal cholesterol levels (Table 2). We found an inverse relation-
ship between cholesterol level and obesity, CVD, and type 2 dia-
betes. The highest percentage-point difference was for type 2 dia-
betes diagnosis, where individuals with normal cholesterol levels
had a 10 percentage-point higher prevalence of type 2 diabetes
than those with high cholesterol levels. However, data on choles-
terol level were missing for 1,193 individuals, which may have
changed the associations between cholesterol level and disease
prevalence.

Individuals who reported a history of smoking had a higher pre-
valence of type 2 diabetes or CVD (P < .001 for each). In contrast
to the results on smoking, we found an overall inverse relation-
ship between alcohol consumption and disease occurrence.
However, this relationship was not significant for CVD (P = .50)
or type 2 diabetes diagnosis (P = .62). Although the association
was not significant, 67.5% of the total sample population did not
have complete reports of their alcohol consumption. This could
have changed the relationship between alcohol use and type 2 dia-
betes and CVD prevalence.

Spatial analysis

The regional distribution of BMI, CVD diagnosis (%), and type 2
diabetes (%) across western Adelaide indicated that the preval-
ence of the conditions varied across SA1 regions (Figure 1).
Thematic maps (choropleth maps) show that the mean BMI of
SA1 regions in western Adelaide was largely skewed toward the
obese BMI class. Across the 490 SA1 regions, the lowest and
highest reported mean BMIs were 24.0 and 36.0, respectively. The
population-level rate of CVD was higher than that of type 2 dia-
betes.
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Figure 1. Regional variation of mean body mass index (BMI) (as calculated by
clinical measurements of an individual’s weight and height [kg/m~]),
cardiovascular disease event (CVD) diagnosis (%), type 2 diabetes diagnosis
(%), and socioeconomic status, by Australian Bureau of Statistics Statistical
Area Level 1 region, in western Adelaide, South Australia.
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Figure 2. Hot spots and cold spots of mean body mass index (BMI) (as
calculated by clinical measurements of an individual’s weight and height
[kg/mQ]), cardiovascular disease (CVD) event diagnosis (%), and type 2
diabetes diagnosis (%), by Australian Bureau of Statistics Statistical Area Level
1 regions, western Adelaide, South Australia.

The western coastline of western Adelaide has the lowest levels of
obesity. This area is similar to the high-SES SA1 regions. We
found a significant, inverse correlation between SES and mean
BMI (—0.278) through Pearson correlation statistics. A similar re-
lationship was shown for SES and CVD (—0.126), and SES and
type 2 diabetes (—0.187). Disease patterns of CVD and type 2 dia-
betes had a significant, positive relationship (0.224).

Getis-Ord Gi* calculations determined regions across western Ad-
elaide where the prevalence of mean BMI, CVD, and type 2 dia-
betes was significantly higher than other regions (Figure 2). We
found 48 hot spots for BMI; they were primarily in the northern
and eastern regions of western Adelaide. High-BMI cold spots
were on the western coastline (Figure 2) and were associated with
higher SES SAI regions (Figure 1).

The spatial distribution of CVD events and type 2 diabetes also re-
lated to northern and central-eastern SA1 regions in western Ad-
elaide. For CVD, 2 hot spots were found in the northern region
and 26 hot spots toward the eastern region (Figure 2). For type 2
diabetes, we found a clustering of 32 hot spots in the central-east-
ern part of the study area. Furthermore, we observed geographical
convergence for cold spots of high BMI, CVD, and type 2 dia-
betes in the southwestern region of western Adelaide (Figure 2),
where SES is high (Figure 1).

Discussion

Through combining geospatial analysis and general practice clin-
ical data, our study aimed to determine the spatial variation of
obesity, CVD, and type 2 diabetes in western Adelaide communit-
ies. Descriptive analysis of the study population revealed a posit-
ive association between high BMI and diagnosed CVD and type 2
diabetes. Identification of disease hot spots further showed geo-
graphic convergence of the 3 chronic diseases.

As supported by data from the Australian Institute of Health and
Welfare (18,19), increasing age was positively associated with the
increasing proportion of CVD and type 2 diabetes diagnoses.
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Mapping of mean BMI across demographic characteristics also
aligned with trends found in literature (14,20), indicating that the
sample used for the analysis was representative of other Australi-
an communities. This is further established in the relationship
between physiologic and lifestyle risk factors determined
throughout the individual-level study, where increased BMI was
associated with higher disease prevalence.

To date, population health researchers in Australia have not invest-
igated the geographic variation of obesity, CVD, and type 2 dia-
betes at the neighborhood level. However, a study by Paquet et al
(21) determined the clustering of biological risk factors related to
the development of cardiometabolic diseases. The research em-
phasized the importance of using medical data collected by trained
clinicians in determining the geographic spread of cardiometabol-
ic outcomes and further outlined how clustering differs in relation
to the geographic level analyzed (21). The level of spatial analysis
completed by Paquet et al (21) was limited relative to our study.
The intra-class correlation analysis was insufficient to determine
the geographic hot spots and cold spots of cardiometabolic out-
comes, investigating only the difference in the level of clustering
of the risk factors (21). Thus, our study responds to a gap in the re-
search of the spatial distribution of obesity, CVD, and type 2 dia-
betes across communities in Australia.

The overall aims of our study related to the population level and
centered on using methods that would result in information that
could be used to guide health policy and program implementation
in the community. We found obesity, CVD, and type 2 diabetes
hot spots in the northern and central-eastern SA1 regions. These
hot spots could be a priority for policy interventions. Because
these hot spots were further associated with populations of a low
SES, there are further implications for the equality of health care
access in the western Adelaide community. The problem of health
care disparities may need to be more effectively monitored
through longitudinal surveillance and related health care policies.

Our study has limitations. Use of clinical data is favored by Aus-
tralian guidelines in assessing the prevalence of diseases in com-
munities (20). Despite this, selection of study participants from
local general practice records creates questions of bias. Although
Australian data indicate that 85% of individuals visit their local
general practitioner annually (22), the generalizability of our study
is limited because individuals who visit their doctor are those who
are sick and require medical attention. This selection bias may ac-
count for the larger prevalence of obesity, CVD, and type 2 dia-
betes shown in our study, in comparison to findings reported by

the ABS (14). A further limitation in the generalizability of our
study is its cross-sectional design. Because the analysis did not
longitudinally follow participants, if individuals move to a differ-
ent location, the identified disease hot spots and cold spots may
not continue to represent the frequency of obesity, CVD, and type
2 diabetes in the SA1 regions.

In line with emerging recommendations from the World Health
Organization, waist circumference, in addition to BMI, should be
used to diagnose obesity in individuals (23). Therefore, we could
improve our study approach by changing how we measure obesity.
Because waist circumference measurements were not accurately
reported in the general practice data used for our study, we could
not use these data. Areas of future research could also include a
qualitative study to determine the sociodemographic characterist-
ics and lifestyle risk factors related to obesity, CVD, and type 2
diabetes. Through use of the South Australian Monitoring and
Surveillance System (24), our approach could be extended to ana-
lyze the differences between identified hot spots and cold spots
within the community, providing further evidence for changes to
government policies and programs. In addition, a quantitative in-
vestigation into the access and use of primary care in western Ad-
elaide could be developed to determine the effect of health care
disparities on the spatial distribution of obesity, CVD, and type 2
diabetes. Further analysis of community disease profiles at the
small-area level would allow more conclusions to be made about
the most effective aspects of prevention and intervention pro-
grams and could be seen as an improvement to the new approach
presented here.

Combining geospatial analysis and general practice data allows re-
searchers and policy makers to identify chronic disease profiles at
both the individual and community levels. This method of analys-
is further applies to the general practice level, where health care
professionals in disease hot spots can increase the use of screen-
ing measures and related health education. Recognition of indi-
viduals and communities that require this increased surveillance
would encourage the implementation of primary and secondary
prevention techniques in general practices and related health ser-
vices.

Notes
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Tables

Table 1. Distribution of Mean Body Mass Index (BMI)?, Type 2 Diabetes Diagnosis, and Cardiovascular Disease (CVD) Event Diagnosisb in Individuals Across Demo-
graphic Characteristics in General Practice Clinical Data (N = 20,594), Western Adelaide, South Australia

Demographic Characteristic No. (%) Mean BMI Type 2 Diabetes Diagnosis, No. (%) CVD Event, No. (%)

Sex

Male 9,190 (44.6) 30.0 1,154 (12.6) 839 (9.1)
Female 11,404 (55.4) 29.9 1,054 (9.2) 366 (3.2)
Age,y

35-44 3,884 (18.9) 29.5 105 (2.7) 21(0.5)
45-54 6,183 (30.0) 29.9 359 (5.8) 133(2.2)
55-64 5,531 (26.9) 30.2 732 (13.2) 474 (8.6)
65-74 4,996 (24.3) 30.1 696 (13.9) 1,013 (20.3)
Socioeconomic status®

Low 7,065 (34.3) 30.6 843 (11.9) 495 (7.0)
Moderate 6,710 (32.6) 30.1 750 (11.2) 373 (5.6)
High 6,819 (33.1) 29.2 616 (9.0) 377 (5.5)

@ Calculated by clinical measurements of an individual’s weight in kilograms and height in meters squared.
b At least 1 of 5 CVD events: carotid stenosis, chronic heart disease, heart failure (chronic and acute), myocardial infarction, and peripheral vascular disease.
¢ Classified into tertiles based on Australian Bureau of Statistics Socioeconomic Indexes for Areas data (12).
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Table 2. Distribution of Mean Body Mass Index (BMI)?, Type 2 Diabetes Diagnosis, and Cardiovascular Disease (CVD) Event Diagnosisb in Individuals Across Re-
lated Risk Factors in General Practice Clinical Data (N = 20,594), Western Adelaide, South Australia

Risk Factor No.® (%) Mean BMI Type 2 Diabetes Diagnosis, No. (%) CVD Event, No. (%)

BMI category

Underweight (<18.5) 226 (1.1) 17.4 5(2.2) 6(2.7)
Normal (18.5-24.9) 4,275 (20.8) 22.6 155 (3.6) 148 (3.5)
Overweight (25.0-29.9) 7,198 (34.4) 27.5 639 (8.9) 419 (5.8)
Obese (=30.0) 8,895 (43.2) 35.8 1,410 (15.9) 633 (7.1)
Cholesterol level

Normal (<5.5 mol/L) 12,639 (61.4) 30.2 1,882 (14.9) 1,063 (8.4)
High (>5.5 mol/L) 6,762 (32.8) 29.5 312 (4.6) 127 (1.9)
Smoking status

Has smoked throughout life 9,001 (43.7) 30.1 1,028 (11.4) 753 (8.4)
Never smoked 9,913 (48.1) 29.9 1,061 (10.7) 399 (4.0)
Alcohol consumption

Consumes alcohol® 5,180 (25.2) 29.6 571 (11.0) 170 (3.3)
Never consumes alcohol 1,514 (7.4) 30.8 274 (18.1) 126 (8.3)

@ Calculated by clinical measurements of an individual’s weight in kilograms and height in meters squared.
P At least 1 of 5 CVD events: carotid stenosis, chronic heart disease, heart failure (chronic and acute), myocardial infarction, and peripheral vascular disease.
¢ Numbers may not add to total N because of missing data.

9 Consumed alcohol at least once in the past year.
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Abstract

Introduction

Obesity rates in Appalachia are among the highest in the United
States, and knowledge of upstream approaches to decrease preval-
ence among this vulnerable population is limited. The primary aim
of this study was to examine the association between healthy, diet-
based, social marketing interventions in grocery stores and fre-
quency of fruit and vegetable intake.

Methods

A social marketing campaign was conducted among 17 grocery
stores (N = 240 participant surveys) over 4 months in 5 rural Ken-
tucky counties. Interventions included providing food samples, re-
cipe cards, and promotional discounts on fruits and vegetables and
moving high-calorie foods to side aisles.

Results
Most survey participants reported that recipe cards influenced their
desire to purchase ingredients as well as fruits and vegetables in
general. Results indicated a significant association between the in-
fluence of recipe cards and frequency of fruit and vegetable con-
sumption.

Conclusion

Small-scale interventions in grocery stores influenced purchasing
choices among Appalachian residents. Working with various store
managers and food venues in rural high-obesity communities is a
promising way to encourage purchasing of fruits and vegetables.

Introduction

Rural residents of the United States have higher levels of adult
obesity than do other US residents (1), and Appalachia residents
are at a 33% higher risk of diabetes (2). In part because of con-
cern about these health disparities in the region, community-based
studies have started focusing on different facets to combat the
problems, with diet and shopping behavior being a major area of
focus (3).

Given the high percentage of people who report shopping at super-
markets or grocery stores as their primary food stores (60%—85%)
(4), grocery stores can provide an avenue for improving shopping
choices, such as purchasing more fruits and vegetables, low-fat
dairy products, and other healthy items. However, grocery stores,
supermarkets, and supercenters also provide avenues for purchas-
ing non—nutrient dense items, such as sugar-sweetened beverages,
chips, baked goods, and other processed foods (5). However,
provided that shoppers are encouraged to purchase healthy items
in a store, stores have potential for improving the nutritional qual-
ity of what shoppers purchase and consume (6), thereby improv-
ing dietary intake.

Policies have been established to reduce prices on fruits and veget-
ables and relocating food in stores, and they are correlated with
more fruit and vegetable purchases (7). Studies have been conduc-
ted on the efficacy of grocery store marketing features on food
purchases, with varying degrees of apparent success. One study
showed that of the many grocery store features, recipe samples
and discount promotions resulted in frequent shoppers being more
motivated to purchase healthier foods (8). Another study showed
that increasing the perceived access of fruits and vegetables, spe-
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cifically by focusing on display space, price, variety, and fresh-
ness, was associated with an increase in shoppers’ consumption of
fresh produce (9). It remains unclear what strategy may be most
cost-effective and effective at promoting behavior change; per-
haps a combination of all these strategies would be most effective.

The aims of this study were to test the effectiveness of marketing
strategies (price reductions, recipe cards and samples, and product
placements) on awareness of strategies and in increasing purchas-
ing of fruits and vegetables. This study used a cross-sectional sur-
vey of neighborhood grocery stores in 5 counties in rural Ap-
palachian Kentucky with high prevalence of obesity.

Methods

Grocery stores from the 5 counties participating in this project
agreed to take part in the social marketing campaign strategies in
stores as a way to improve food-purchasing choices among resid-
ents. The 5 counties met eligibility criteria for funding from the
Centers for Disease Control and Prevention Obesity Prevention
program: having a 40% or higher obesity rates among adults, be-
ing a rural geographic area, and being demographically composed
primarily of white or Caucasian residents (97%). The reason be-
hind these criteria was to study the rural high-prevalence obese
population of Appalachian Kentucky.

Cooperative Extension agents in all 5 counties contacted all gro-
cery store managers in each of their counties and managers of
large supercenters in adjacent counties. Grocery store managers
were given a letter explaining the social marketing campaign and
were offered $100 per store event to offset any costs they might
incur by moving food and displays to other locations in the store.
Of the 30 stores contacted, 17 agreed to participate in the program.
The grocery stores agreed to promote the campaign to their pat-
rons, move merchandise around to promote the foods being
sampled, display fruits and vegetables at the front of the store, dis-
play Plate It Up Kentucky Proud (PIUKP) materials, and offer a
discount on the fruit or vegetable being tasted during the recipe
sample.

The PIUKP program was conducted in 17 grocery stores (midsize
grocery store with 5—7 checkout counters) or supercenters (large
grocery store selling multiple produces and 15 or more checkout
counters) during April and May of 2016 and then again in Septem-
ber and October of 2016. PIUKP is a partnership project between
the University of Kentucky Cooperative Extension Service, the
Kentucky Department of Agriculture, and the University of Ken-
tucky School of Human Environmental Sciences. This project uses
undergraduate students to develop and test new recipes using loc-
al and seasonal fruits and vegetables. After recipes have been
tested, Cooperative Extension agents provide recipe cards,

samples, and food demonstrations in their communities as a way
to promote consumption. The events were held on various days of
the week and various hours to capture a variety of store shoppers.
The campaign consisted of displays with the PIUKP banner and
recipe samples with recipe cards. Additionally, storeowners
moved food that is typically higher in calories away from the front
of the store and showcased the fruit or vegetable that was in the re-
cipe. They also moved sugar-sweetened beverages or other “grab
and go” items such as chips to a side aisle. Lastly, the storeowner
agreed to offer a discount on the fruit or vegetable being sampled
with the discount varying from 10% to 15% less than the original
price. Each shopper was given a tote bag or gel-pack with the logo
if they sampled a recipe. During these 2 months, the program was
promoted through advertisements in local newspapers, flyers dis-
tributed in schools, and radio announcements.

A customer intercept survey was developed to capture the effect-
iveness of the in-store marketing events. The survey questions
were previously tested for test-re-test among farmers market pat-
rons in rural towns (10). During the marketing campaign, the Co-
operative Extension agent or an assistant gave the survey to store
patrons who took a recipe card or a recipe sample. A total of 240
surveys were collected from all 5 counties. The survey was con-
ducted at the beginning of the social marketing campaign in April
and again in September and October.

STATA version 12 (StataCorp LP) was used to perform statistical
analyses. Descriptive statistics and multiple logistic regressions
were used to assess the association between the influence of re-
cipe cards and samples with the consumption of fruits and veget-
ables. All models were adjusted for age, education, and partici-
pation in the Supplemental Nutrition Assistance Program (SNAP).

Results

Mean age of participants was 51 years, and most participants (N =
240) were white (97%) and female (88%) (Table 1). Fifty-eight
percent of participants reported a yearly income of less than
$40,000, and 19% of participants reported receiving SNAP bene-
fits.

Only 44% of participants had previously heard of the PIUKP Pro-
gram. Forty-nine percent reported that the recipe cards influenced
the purchasing of ingredients from the recipe, and 39% indicated
that recipe cards influenced purchasing fruits and vegetables in
general.

When assessing the intervention effectiveness on dietary intake
(Table 2), results indicated a significant association between the
influence of recipe cards and frequency of fruit and vegetable con-
sumption. Participants who reported that a recipe card influenced
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the purchase of ingredients related to the fruit and vegetable
sample were 2.86 times (P = .04; 95% confidence interval [CI],
1.03-7.94) as likely to consume fruit 2 to 3 times per week than
were those who reported that the cards had no influence. Parti-
cipants who reported that the recipe card influenced fruit and ve-
getable purchases in general were 11.06 times as likely (95% CI,
3.35-36.51; P<.001) to consume fruit 2 to 3 times per week and
3.89 times as likely (P =.006; 95% CI, 1.46—10.33) to consume
fruit at least once per day or more than were those that reported a
recipe card not influencing fruit and vegetable purchases.

Discussion

Results of PIUKP grocery store marketing efforts suggest that
there is a notable association between consumers’ use of recipe
cards and their dietary habits in geographically isolated rural areas
of Appalachian Kentucky. Other research indicates that many gro-
cery store features, such as recipe samples and discount promo-
tions, resulted in frequent shoppers being more motivated to pur-
chase healthier foods (8). Our results support these findings, par-
ticularly with regard to recipe cards. Our results also indicate how
community-based efforts with cooperation from grocery store
managers can influence patrons’ purchasing habits. A strength of
this study was that these efforts were conducted across various
store types. Working with managers from different types of food
stores operating in rural communities is a promising strategy for
improving purchasing of fruits and vegetables (11).

Fruit and vegetable consumption can reduce a person’s risk of be-
coming obese (12), and findings from this study can promote
healthy shopping behaviors and improve personal diet. Providing
opportunities for shoppers to sample different recipes as well as
improving the consumer food environment may be a sustainable
program approach year-round (13). Store managers who are will-
ing to improve their stores in rural communities can make changes
in their stores and thus help to improve fruit and vegetable intake
among their customers (14).

Limitations of our study were the cross-sectional survey design,
the small sample size, and the lack of causality. More research and
different types of interventions, including those that are multi-
pronged or not diet-focused (15), may be needed for more con-
clusive results on the effects of a social marketing campaign and
on an overall look at dietary and shopping behavior among rural
residents. Nonetheless, our study results suggest that the imple-
mentation of social marketing strategies in rural grocery stores
may increase healthy food consumption habits among community
residents and should be continued.
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Tables

Table 1. Characteristics of Participants (N = 240) in Plate It Up Social Marketing Campaign at Grocery Stores in Rural Appalachian Kentucky, 2016

Characteristic Value®
Language is English 100
Female sex 88
Mean age, y 51
Own car 91
Highest grade completed (high school/GED) 34
SNAP recipient 19
White race 97
Income <$40,000 58
Ansvl\(/e{g? yes to the question, “Does having recipe cards available at the market influence your buying of fruits and vegetables while at the 39
market?

Answered yes to the question, “Did the recipe sample available contribute to your buying the ingredients for the recipe you sampled?” 49
Heard of Plate it Up Kentucky Proud 44
Answered yes to the question, “If you took a food sample from the Plate It Up Kentucky Proud Program, did that sample make you want to prepare 69
the food item at home?”

Consumption of fruit once per week or less 32
Consumption of vegetables once per week or less 29

Abbreviations: GED, general equivalency diploma; SNAP, Supplemental Nutrition Assistance Program.
@ Values are percentages unless otherwise noted.
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Table 2. Efficacy of Recipe Cards Intervention on Reported Frequency of Fruit and Vegetable Consumption, Rural Appalachian Kentucky, 2016

Recipe Cards Influenced Purchase of Included Ingredients

Recipe Cards Influenced Fruit and Vegetable Purchases in

General
Characteristic OR (95% ClI) PValue OR (95% Cl) PValue
Fruit frequency
2 or 3 times per week 2.86 (1.03-7.94) .04 11.06 (3.35-36.51) <.001
Once per day or more 1.48 (0.62-3.49) .38 3.89(1.46-10.33) .006
Vegetable frequency
2 or 3 times per week 2.8 (1.08-7.27) .03 1.65 (0.61-4.45) .32
Once per day or more 2.32 (0.99-1.04) .07 2.63(0.97-7.16) .06

Abbreviations: Cl, confidence interval; OR, odds ratio.

The opinions expressed by authors contributing to this journal do not necessarily reflect the opinions of the U.S. Department of Health and Human Services,

the Public Health Service, the Centers for Disease Control and Prevention, or the authors’ affiliated institutions.

6 Centers for Disease Control and Prevention ¢ www.cdc.gov/pcd/issues/2017/17_0109.htm



www.cdc.gov/pcd/issues/2017/17_0109.htm

ADDITIONAL
PUBLISHED STUDENT
PAPERS



DOCTORAL CATEGORY



PREVENTING CHRONIC DISEASE

PUBLIC HEALTH

RESEARCH,

PRACTICE, AND POLICY

Volume 14, E98 OCTOBER 2017

ORIGINAL RESEARCH

Do Black Women’s Religious Beliefs
About Body Image Influence Their
Confidence in Their Ability to Lose

Weight?

Alexandria G. Bauer, MA™?; Jannette Berkley-Patton, PhD>?; Carole Bowe-Thompson, BS®;
Therese Ruhland-Petty, MA% Marcie Berman, PhD?; Sheila Lister, BS™;
Kelsey Christensen, MA™?

Accessible Version: www.cdc.gov/ped/issues/2017/17 0153.htm

Suggested citation for this article: Bauer AG, Berkley-Patton J,
Bowe-Thompson C, Ruhland-Petty T, Berman M, Lister S, et al.
Do Black Women’s Religious Beliefs About Body Image
Influence Their Confidence in Their Ability to Lose Weight? Prev
Chronic Dis 2017;14:170153. DOI: https://doi.org/10.5888/
pcd14.170153.

PEER REVIEWED

Abstract

Introduction

Black women are disproportionately burdened by obesity but
maintain body satisfaction and strong religious commitment. Al-
though faith-based weight-loss interventions have been effective at
promoting weight loss among blacks, little is known about how
body image and religious views contribute to weight-related be-
liefs among religious black women. The purpose of this study was
to examine whether demographic and health history factors, reli-
gious involvement, and beliefs about body image could explain
motivation and confidence to lose weight among a church-affili-
ated sample of black women.

Methods

We recruited 240 church-affiliated black women aged 18 to 80
years (average age, 55 y; SD, 12.3) in 2014 from 6 black churches
that participated in a larger study, Project FIT (Faith Influencing
Transformation), a clustered, diabetes/heart disease/stroke inter-
vention among black women and men. We used baseline data
from Project FIT to conduct a cross-sectional study consisting of a
survey. Variables approaching significance in preliminary correla-

tion and y” analyses were included in 2 multiple linear regression
models examining motivation and confidence in ability to lose
weight.

Results

In final regression models, body mass index was associated with
motivation to lose weight (fp = 0.283, P <.001), and beliefs about
body image in relation to God predicted confidence to lose weight
(B=0.180, P=.01).

Conclusion

Faith-based, weight-loss interventions targeting black women
should emphasize physical well-being and highlight the health be-
nefits of weight management rather than the benefits of altering
physical appearance and should promote positive beliefs about
body image, particularly relating to God.

Introduction

Black women are disproportionately burdened with obesity. An
estimated 80% are overweight or obese (body mass index [BMI]
>25) (1,2), and cultural beliefs may contribute to high rates of
obesity among black women (3,4). Black women’s beliefs regard-
ing an ideal body shape (ie, being shapely and curvy; having large
breasts, hips, and buttocks) are perceived to be more attractive in
the black community but tend to differ from those of mainstream
archetypes (3).

Many studies report that black women are less concerned about
weight than women in other racial/ethnic groups (4), that they
prefer large body shapes (5), that they have high levels of body
satisfaction and self-esteem while overweight or obese, and that
they tend not to believe that losing weight will improve quality of
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life (4,6-9). Furthermore, studies showed that black women who
lost weight were concerned that they appeared too thin or unwell
(10) and worried that a petite body frame might be viewed negat-
ively (eg, as scrawny) (3). Conversely, some studies found that
overweight and obese black women have weight-related concerns
and would like to lose weight (11,12), particularly because of the
effect of their weight on their health (13). In one study, obese
black women reported that a larger body size could be healthy and
attractive but expressed interest in losing weight and were self-
conscious about their body size (14). Still, cultural norms that pro-
mote body acceptance, inaccurate perceptions of body size, and
limited knowledge of weight-related health problems (12) may re-
duce motivation and confidence to lose weight. Little is known
about what influences motivation and confidence to lose weight
among black women, especially in settings that could extend the
reach and effect of black female-focused, culturally tailored,
weight-loss interventions.

Black churches have the potential to shift cultural body image
norms and provide support for weight loss among black women.
In national studies, more than 80% of black women described reli-
gion as very important, and almost 60% reported attending church
services weekly (15). Most black churches have health or out-
reach ministries (eg, food and clothing pantries, day care) that can
be tapped by health promotion programs to reach women in the
communities they serve (16—18). Additionally, most churches pro-
mote the scripture that the body is made in the image of God and
is the temple of God, encouraging members to take care of their
bodies (19).

Despite the growing number of obesity studies in black churches
(17), virtually no studies have examined potential cultural and
health contributors to weight-related beliefs among black women
church-goers. Improving understanding of these beliefs could in-
form the design of tailored weight-loss interventions. The object-
ive of this study was to explore whether demographic and health
history factors, religious involvement, and body image beliefs
would predict motivation and confidence to lose weight in a
church-affiliated sample of black women.

Methods

We used a cross-sectional design to examine baseline data that
were collected over a 6-week period in October and November
2014 as part of larger intervention, Project FIT (Faith Influencing
Transformation), a religiously tailored intervention for diabetes/
heart disease/stroke education, screening, and linkage to care con-
ducted in urban areas of Kansas City, Missouri, among black wo-
men and men. Analyses for Project FIT were performed in
November 2016 (results have not been published). Participants for

our study were recruited from 6 black churches that participated in
Project FIT through announcements from pastors and other church
leaders during church services and through church outreach events
(eg, food pantry).

We recruited 240 black women from Project FIT. The response
rate was 94% across all predictor variables and 98% for outcome
variables. Participants met the following eligibility criteria: self-
identified as black and female, were aged 18 to 80 years, did not
have sickle cell anemia, were not pregnant or planning to become
pregnant, and were willing to participate in a survey. Surveys were
paper and pencil and assessed health-related beliefs and behaviors.
Surveys took approximately 30 to 45 minutes to complete, and
participants received $20 in cash for completing the survey. Parti-
cipants provided written informed consent, and the University of
Missouri—Kansas City institutional review board approved the
study.

Survey measures

Participants were asked to provide information on age, education
level, income, marital status, and whether they had children. In-
come and marital status were dummy-coded to compare married
women with all other groups (eg, single, widowed, divorced wo-
men) and to compare women with a monthly household income of
more than $3,000 to women with a household income of $3,000 or
less. Having children was measured as a dichotomous (yes/no)
variable.

Health history variables collected were health insurance coverage,
body mass index (BMI; kg/m?), health care visits, diagnosed
health conditions, and perceived stress. To calculate BMI, a mem-
ber of the research team used a SECA stadiometer and scale
(SECA) to measure height and weight without shoes.

Three survey questions developed for this study assessed health
care visits over the past 12 months (ie, physician visits, emer-
gency department visits, and hospitalizations; Cronbach a = 0.46)
with responses ranging from none, once, twice, or 3 or more. Re-
sponses were summed, with total scores ranging from 0 (no health
care visits) to 12 (nine or more health care visits). Fifteen dicho-
tomous (yes/no) questions assessed diagnosed health conditions
(eg, high blood pressure, diabetes, depression; Cronbach a = 0.50).
Responses were summed, with total scores ranging from 0 (no dia-
gnoses) to 15 (maximum number of conditions). Perceived stress
was measured by using questions adapted from the Perceived
Stress Scale, which was designed for ease of use with community-
member participants (Cronbach a = 0.84—0.86 in previous studies)
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(20). Fourteen questions asked participants to rate their experi-
ences with stress (eg, “Felt that you were unable to control the im-
portant things in your life”; 1 = never to 5 = very often; Cronbach
a = 0.95). Questions with positive answers (eg, “Dealt success-
fully with irritating life hassles”) were reverse-scored. Summed
scores ranged from 14 (low stress) to 70 (high stress).

To assess religiosity, one question asked how many years parti-
cipants had been church members. Seven questions, adapted from
the Religious Background and Behavior Scale (21) and used in
previous studies among faith-based black populations (Cronbach o
=0.77) (22), assessed participants’ religiosity (Cronbach o = 0.74
for this study). The first question asked participants to describe
their religious identity (ie, 1 = atheist, 2 = agnostic, 3 = unsure, 4 =
spiritual, 5 = religious). Six additional questions asked parti-
cipants about frequency of religious behaviors (eg, thought of
God, prayed, attended a worship service) and were ranked on a
scale of 0 (never) to 8 (more than once a day). Summed scores for
the 7 religious identity and behavior items ranged from 7 (low reli-
giosity) to 53 (high religiosity).

Participants were asked to rate satisfaction with their overall ap-
pearance and with their arms, waist, thighs, and buttocks on a
scale of 1 (highly not satisfied) to 7 (highly satisfied) (Cronbach a
= 0.92 for this study). Responses were summed, so that total
scores ranged from 5 (low body satisfaction) to 35 (high body sat-
isfaction).

Five questions assessed participants’ beliefs about their body in re-
lation to God (eg, belief that “My body is a temple of God” and
that “My body is a gift from God.”). Responses were rated on a
scale of 1 (strongly disagree) to 7 (strongly agree) (Cronbach o =
0.74 for this study). Responses were summed, and scores ranged
from 5 (no body image beliefs in relation to God) to 35 (strong
body image beliefs in relation to God).

Two questions ranked how motivated participants were to lose
weight and how confident they were that they could do so, both on
a scale of 0 (not at all confident or motivated) to 10 (very confid-
ent or motivated).

Data analysis

Descriptive statistics were used to examine all variables. Prelimin-
ary analyses (ie, correlation, x?) were performed to examine asso-
ciations between predictor variables (ie, demographics, health his-
tory, religious involvement, body image beliefs) and motivation
and confidence to lose weight. We used SPSS version 22.0 (IBM
Corp) to enter variables that were significantly associated or ap-
proached significance (ie, P < .10) with motivation or confidence
to lose weight into 2 separate multiple linear regression models
with the first model examining motivation to lose weight and the

second model examining confidence to lose weight. Significance
levels were set a priori for both regression models at P < .05. Cat-
egorical variables (eg, marital status, income) were dummy-coded.
All variables included in each of the linear regression models were
entered in a single step. For the purposes of this cross-sectional
study, explanatory variables are referred to as predictor variables
with motivation and confidence to lose weight as outcomes (23).

Results

Participants’ average age was 55 years (standard deviation [SD],
12.3; range, 18-80 y). Most participants reported being married
and having children, a college degree or higher, health insurance,
and a monthly household income less than $3,000 (Table 1). Aver-
age motivation to lose weight was 7.8 on a scale of 0 to 10 (SD,
2.7) and average confidence in ability to lose weight was slightly
higher (mean, 8.0; SD, 2.5; scale 0—10). Age and having children
were not related to motivation to lose weight (Table 2) or confid-
ence in ability to lose weight (Table 3). Income and marital status
were both positively related to motivation to lose weight in pre-
liminary analyses. Income also was positively related to confid-
ence in ability to lose weight in preliminary analyses; however,
neither income nor marital status predicted motivation or confid-
ence in ability to lose weight in final regression models.

Participants’ average BMI was 32.8 (SD, 8.5; range, 18-54). In
preliminary analyses BMI was significantly associated with motiv-
ation but not with confidence. BMI significantly predicted motiva-
tion to lose weight in the regression model.

Most participants (87%) had visited their physician for a regular
checkup in the past year, and 44% had visited their physician 3 or
more times (overall scores for health care visits ranged from 3 to
10, scale 0—12). The most common place for routine medical care
was a physician’s office or health maintenance organization
(73%). More than half (52%) had visited an emergency depart-
ment, and 39% had been hospitalized in the past year.

Participants reported an average of 1 or 2 diagnosed health condi-
tions (mean, 1.7; SD, 1.5; scale 1-15; range, 0—6 conditions), most
commonly high blood pressure (57%), high cholesterol (39%), or
diabetes (24%). Diagnosed health conditions and health care vis-
its were not associated with motivation or confidence in prelimin-
ary analyses.

Participants reported an average perceived stress score of 36.7
(SD, 7.0; range, 20-55 on the Perceived Stress Scale). The associ-
ation between perceived stress and motivation to lose weight ap-
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proached significance in preliminary analyses, but stress did not
predict motivation to lose weight in the regression model. Per-
ceived stress was not associated with confidence in ability to lose
weight in preliminary analyses.

The average length of time the woman had been a church member
was 23 years (SD, 18.6; range, 1-72 y). The average religiosity
score was 46.4 (SD, 5.7; range, 21-53; scale 7-53). Most parti-
cipants described themselves as religious (84%) and attended
church at least weekly (93%). More than once per day, many parti-
cipants thought of God (85%), prayed (75%), meditated (43%), or
had direct experiences with God (43%); 38% read scriptures or
holy writings almost daily. Religiosity and years as a church mem-
ber were not significantly associated with motivation or confid-
ence in ability to lose weight in preliminary analyses.

Average combined body satisfaction was 21.8 (SD, 7.9; range,
5-35; scale 5-35). Body satisfaction was not associated with mo-
tivation or confidence to lose weight in preliminary analyses.

Participants had very strong body image beliefs about their bodies
in relation to God (mean, 32.4; SD, 6.8; range, 5-35, scale 5-35).
In preliminary analyses, body image beliefs in relation to God ap-
proached significance for motivation to lose weight and were sig-
nificantly associated with confidence to lose weight. In the regres-
sion model, body image beliefs in relation to God predicted con-
fidence to lose weight.

Discussion

To our knowledge, this study is among the first to examine body
image and religiosity, demographics, and health history as predict-
ors of motivation and confidence in ability to lose weight among
church-affiliated black women. We found that women in this
study were highly motivated and confident in their ability to lose
weight. Moreover, BMI significantly predicted motivation to lose
weight, which was an important finding considering the high
levels of overweight and obesity among this study’s church-affili-
ated participants and among similar populations in other church-
based studies (16,17,24).

Slightly more than one-fourth of participants had been diagnosed
with at least one health condition, most commonly high blood
pressure, high cholesterol, or diabetes, which is consistent with
previous estimates (1). Although overall poor health has been
shown to motivate weight loss among black people (10,11,13),
diagnosed health conditions among black women in our sample
were not related to motivation or confidence in ability to lose
weight. Previous research indicated that concerns about develop-
ing a chronic illness drove interest in weight-loss among black
women (11,13) and that preventing or managing chronic illnesses

was a primary reason to lose weight (10). Still, other studies
showed that people living with chronic diseases tend to have little
interest in weight loss (25), particularly because chronic illnesses
can result in financial problems, pain, fatigue, limited physical
functioning, or depression (26), which can inhibit weight loss.
Moreover, most participants visited their physician for a regular
checkup in the past year, and nearly half saw their physician mul-
tiple times. Slightly more than half of participants had visited an
emergency department, and more than one-third had been hospit-
alized in the past year. Given the growing focus on patient-
centered medicine and the high rates of contact with health care
services among women in our sample, consideration should be
given to how culturally tailored messages can be incorporated in-
to physician visits or hospitalizations to increase motivation and
confidence in ability to lose weight among black women at risk
for, or living with, chronic diseases. Additionally, opportunities
may exist for pastors and other church leaders to encourage weight
loss when making hospital visits with their members.

Perceived stress did not predict motivation or confidence in abil-
ity to lose weight. Previous studies of black women demonstrated
a direct relationship between stress and consumption of larger por-
tions of unhealthy foods (13). It is likely that the perception of
stress is related to behaviors that can immediately mitigate its ef-
fects (eg, emotional eating) (27) and may dampen resolve to lose
weight. Black women are also particularly susceptible to stressors
(eg, racism, discrimination, low pay) that can exacerbate weight
gain (28). Future studies should continue to explore the influence
of perceived stress on weight management attitudes and behaviors.

Participants were highly religious, and consistent with other
church-based studies, they attended church frequently (15,18).
However, religiosity was not associated with motivation or confid-
ence in ability to lose weight, which is likely due to a ceiling ef-
fect (ie, very high religiosity across the sample). Similarly, time as
a church member was not associated with motivation or confid-
ence in ability to lose weight. It has been suggested that the black
church environment can influence weight-related health beliefs
and behaviors, including exerting pressure to consume large por-
tions or unhealthy foods at church events (24). Recommendations
for weight-loss interventions designed for black people include
faith-based changes to the church culture and environment
(17,19), including incorporation of church policies to limit high-
fat, high-calorie, and sodium-rich foods at church events. Faith-
based programs may also benefit from efforts to reshape the
health-related climate in church settings by increasing social sup-
port for healthy behavior change and promoting acceptability of
weight-loss behaviors.
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Despite the high levels of overweight and obesity in our study
sample, participants reported moderate levels of body satisfaction,
which is consistent with previous studies that found positive body
image perceptions among obese black women (6,7,9,). Yet, body
satisfaction was not related to motivation or confidence in ability
to lose weight. This finding is somewhat inconsistent with a previ-
ous study of overweight and obese women from a diverse sample
that found that body satisfaction was the strongest predictor of
current weight-loss efforts (29). Also, participants demonstrated
equal body satisfaction across different body areas, which con-
trasts with the literature that suggests black women are not con-
sistently satisfied with their bodies across all areas (11). These
conflicting findings suggest that much remains to be learned about
body image and motivation and confidence in ability to lose
weight among church-affiliated black women.

Participants had strong beliefs about body image in relation to
God, which were associated with motivation and confidence and
significantly predicted confidence in ability to lose weight. Qualit-
ative studies of church-affiliated black people have shown that be-
lieving that one’s body is a temple of God was related to engage-
ment in healthy behaviors (eg, abstaining from alcohol, tobacco,
and drugs) (19). Faith-based weight-loss interventions for black
women could be tailored to promote positive, faith-based attitudes
about the body while encouraging preventive health behaviors (eg,
physical activity, healthy eating).

This study had limitations. It was not guided by hypothesis or the-
ory. Instead, we took an exploratory, stepwise approach for the in-
clusion of variables to be analyzed. Additionally, this study was
cross-sectional, which limits causal inferences. Still, this study had
several strengths, including a comprehensive list of demographic,
health history, religious, and body image variables of a diverse
church-affiliated sample of black women with representation
across age, income, and marital status. This study also contributes
to the literature on motivation and confidence in ability to lose
weight among church-affiliated black women, a population with
high rates of overweight and obesity. Recognition of the influence
of BMI and body image beliefs in relation to God on motivation
and confidence in ability to lose weight presents opportunities for
black faith communities to tap this inherent cultural aspect of reli-
giosity and church tenets to reduce the burden of obesity among
black church-affiliated black women.
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Tables

Table 1. Demographic and Psychosocial Characteristics of a Sample of Church-Affiliated Black Women (N = 240) in Kansas City, Missouri, 2014

Characteristic No. (%)?

Age, mean (SD), y 55 (12.3)
Education

11th grade or below 10 (4)
High school diploma or general equivalency degree 29 (12)
Some college or post-high school technical training 5(2)
Associates degree or technical school certificate 71 (30)
College degree or higher 125 (40)
Monthly household income, $

0-1,000 24 (10)
1,001-2,000 36 (15)
2,001-3,000 55 (23)
>3,000 76 (32)
Don’t know 11 (5)
Refused to answer 14 (6)

Marital status

Single, never married 60 (25)
Living with partner, not married 3(1)
Married 83 (35)
Separated 13 (5)
Divorced 59 (25)
Widowed 22 (9)
Children

Yes 201 (85)
No 37 (15)
Years as a church member

Oto<2 5(3)
2t0 <5 21(14)
5to <10 22 (14)
10 to <20 31 (20)
>20 74 (49)
Health insurance coverageb

Medicare 60 (25)
Medicaid 19 (8)
Private insurance 129 (54)

Abbreviations: —, not assessed; SD, standard deviation.
@ Unless otherwise indicated, values are numbers (percentages). Percentages may total less than 100 because of rounding or missing responses.
b Percentages total more than 100 because categories were not mutually exclusive.

(continued on next page)
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(continued)

Table 1. Demographic and Psychosocial Characteristics of a Sample of Church-Affiliated Black Women (N = 240) in Kansas City, Missouri, 2014

Characteristic No. (%)?

Other insurance 28 (12)
No insurance 32(13)
Body mass index (kg/m2)

Underweight (<18.5) 5(2)
Normal weight (18.5-24.9) 24 (10)
Overweight (25.0-29.9) 56 (24)
Obese class | (30.0-34.9) 56 (24)
Obese class Il (35.0-39.9) 43 (19)
Obese class Il (=240.0) 48 (21)
Number of health care visits in past 12 months

1 0
2 0
3 23 (10)
4 25 (10)
5 29 (12)
>6 92 (38)
Number of diagnosed health conditions

0 53 (22)
1 63 (26)
2 53 (22)
3 41(17)
4 16 (7)
5 10 (4)
>6 4(2)

Abbreviations: —, not assessed; SD, standard deviation.
& Unless otherwise indicated, values are numbers (percentages). Percentages may total less than 100 because of rounding or missing responses.
b Percentages total more than 100 because categories were not mutually exclusive.
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Table 2. Preliminary Associations and Linear Regression for Motivation to Lose Weight Among Church-Affiliated Black Women in Kansas City, Missouri, 2014

Preliminary Analyses Linear Regression

Variable r X2 P B (95% CI) SE [
Demographic characteristic

—a —b —b —b
Age 0.052 43
Income - 75.7 .08| -0.003 (-0.824 t0 0.792) 0.410 .97
Marital status - 67.9 .046 0.133 (-0.044 to 1.54) 0.401 .06
Children - 14.1 83 - - -
Health history
Body mass index (kg/mz) 0.218 - <.001 0.283 (0.046 to 0.135) 0.022 <.001
Health care visits -0.018 - 82 - - -

= b b b
Diagnosed health conditions -0.012 ¢ .86
Perceived stress -0.127 - .07| -0.117 (-0.099 to 0.008) 0.027 .10
Religious involvement

= b b b
Years as church member -0.076 ¢ .25

.. . C —a b =y b

Religiosity 0.037 .59
Body image

— =7 b —b
Body satisfaction -0.077 .28
Body in relation to God 0.111 - .09 0.049 (-0.038 to 0.081) 0.030 A48

Abbreviations: Cl, confidence interval; SE, standard error.
@ Preliminary associations were either correlation (continuous variable) or x2 (categorical variable), as appropriate.
b Excluded from regression because of nonsignificant preliminary associations.

° Religious attitudes, beliefs, and behaviors.
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Table 3. Preliminary Associations and Linear Regression for Confidence to Lose Weight Among Church-Affiliated Black Women in Kansas City, Missouri, 2014

Preliminary Analyses

Linear Regression

2

Variable r X P B (95% Cl) SE
Demographic characteristic
—a —b —b —b
Age -0.003 .96
Income - 78.7 .02 0.068 (-0.320 to 1.045) 0.346 .30
= = —b =
Marital status ° 478 36
=3 = =Y =3
Children 6.3 >.99
Health history
— =7 b =
Body mass index 0.095 .15
Health care visits ~0.114 - 14 - - -
= —b —b —b
Diagnosed health conditions -0.085 ° .20
= = —b =
Perceived stress -.029 ° .66
Religious involvement
= = b —b
Years as a church member -0.029 ° .66
.. . C —a b —h b
Religiosity 0.090 .20
Body image
—a —b —b —b
Body satisfaction 0.097 A7
Body in relation to God 0.179 - .01 0.180 (0.019 t0 0.113) 0.024 .01

Abbreviations: Cl, confidence interval; SE, standard error.

@ Preliminary associations were either correlation (continuous variable) or x2 (categorical variable), as appropriate.
b Excluded from regression because of nonsignificant preliminary associations.

° Religious attitudes, beliefs, and behaviors.
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Abstract

Introduction

We compared access to preventive dental care among low-income
children eligible for public dental insurance to access among chil-
dren with private dental insurance and/or high family income
(>400% of the federal poverty level) in Georgia, and the effect of
policies toward increasing access to dental care for low-income
children.

Methods

We used multiple sources of data (eg, US Census, Georgia Board
of Dentistry) to estimate, by census tract, measures of preventive
dental care access in 2015 for children aged 0 to 18 years. Meas-
ures were percentage of met need, 1-way travel distance to a dent-
ist, and scarcity of dentists. We used an optimization model to es-
timate access, quantify disparities, and evaluate policies.

Results

About 1.5 million children were eligible for public insurance;
600,000 had private insurance and/or high family income. Across
census tracts, average met need was 59% for low-income children
and 96% for high-income children; for rural census tracts, these
values were 33% and 84%, respectively. The average 1-way travel
distance for all census tracts was 3.7 miles for high-income and/or
privately insured children and 17.2 miles for low-income children;
for rural census tracts, these values were 11.6 and 32.9 miles, re-
spectively. Increasing dentists’ acceptance of public insurance—eli-
gible children increased met need more in rural areas than in urb-

an areas. To achieve 100% met need in rural tracts, however, an
80% participation rate among dentists would be required.

Conclusion

Across census tracts, high-income children had better access to
preventive dental care than low-income children had. Identifying
tracts with disparities in access could result in more efficient alloc-
ation of public health dental resources.

Introduction

Children living in poverty are more than twice as likely to have
untreated tooth decay as children with family incomes greater than
200% of the federal poverty level (FPL) (25% vs 12%) (1). Tooth
decay, if left untreated, can lead to problems in eating, speaking,
and learning (2). Strong evidence demonstrates the effectiveness
of preventive dental care services (3), and increasing low-income
children’s access to these services is a national health goal (4). A
major barrier to poor children not receiving dental care is diffi-
culty in finding a dentist who accepts Medicaid (5). Policies and
programs aimed at increasing access to preventive dental care (eg,
increasing the number of dental care providers or providing ser-
vices in schools) are typically implemented locally.

The objective of this study was to estimate 3 measures of local ac-
cess to preventive dental care services — percentage of met need
for preventive dental services, 1-way travel distance to a dentist,
and dentist scarcity — by census tract among children in Georgia.
We compared local access for 2 groups: children eligible for pub-
lic dental insurance and children with private dental insurance and/
or high family income. We also estimated these measures separ-
ately for rural and urban tracts. Finally, we examined the effect of
increasing dentists’ participation in public insurance programs
(Medicaid and Children’s Health Insurance Program [CHIP]) on
preventive dental care access in both groups.

The opinions expressed by authors contributing to this journal do not necessarily reflect the opinions of the U.S. Department of Health
and Human Services, the Public Health Service, the Centers for Disease Control and Prevention, or the authors’ affiliated institutions.
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Methods

We used data from the US Census and the American Community
Survey (6) to compare access to preventive dental services for
Georgia children aged 0 to 18 years in 2 groups: children living in
households with family incomes less than or equal to 247% of the
FPL (the income threshold for Medicaid/CHIP eligibility [7]),
hereinafter referred to as publicly insured children, and 2) chil-
dren in families with an income greater than 400% of the FPL,
hereinafter referred to as privately insured children. We assumed
the latter group would have private insurance or be able to afford
out-of-pocket expenses.

We calculated 3 measures of access for each census tract. We cal-
culated percentage of met need as the total met need divided by
pediatric need for preventive dental care services. Met need refers
to the need served within state access standards (8), which specify
the maximum distance to be traveled in rural or urban areas to
reach a provider for people using a private vehicle or using public
transportation. The state access standards are 30 miles or 30
minutes for urban communities and 45 miles or 45 minutes for rur-
al communities. Higher values indicate smaller proportions of
children who need to travel longer distances than the distances
specified by state access standards to reach an available provider.
We calculated travel distance as the average distance in miles a
child must travel from his or her residence 1 way to visit the dent-
ist. Higher values indicate larger travel distances. We computed
travel distance by using street networks indicated by Esri’s Ar-
cMap GIS (geographic information system) version 10.3.1 soft-
ware. We calculated provider scarcity as the patient caseload
served by dentists divided by maximum patient caseload capacity.
Higher values indicate greater scarcity of dentists.

We also designated census tracts as served, underserved, or un-
served according to the proportion of children with unmet need
within the state access standards or the proportion of uninsured
children in households that cannot afford dental care: 10% or less
(served), 10% to 50% (underserved), and more than 50% (un-
served).

We estimated these measures across all census tracts in Georgia
and separately across rural census tracts only (located in counties
with population <35,000) and urban tracts only (population
>35,000) (9). To estimate need for pediatric preventive dental ser-
vices, we used a published methodology (10) to estimate the num-
ber of dental care provider hours required to provide preventive
dental services at a frequency recommended by the American
Academy of Pediatric Dentistry (11) and the American Dental As-
sociation (12). Recommended services and frequency of delivery
depend on a child’s age and risk for caries.

We obtained a list of Georgia dentists and their practice addresses
from the 2015 Georgia Board of Dentistry. We used their tax-
onomy code (2015 National Plan and Provider Enumeration Sys-
tem) to identify providers of preventive dental services to children.
We geocoded the addresses of individual dentists and computed
street-network distances between dentists’ addresses and census
tract centroids by using Texas A&M Geocoding Services (13).
Maximum capacity for preventive dental care for children per
dentist was estimated according to existing estimation procedures
(10). The proportion of provider capacity allocated to prevention
was based on the distribution of services as defined in the Medic-
al Expenditure Panel Survey in units of time (14).

To estimate the number of dentists accepting public insurance in
each census tract, we used data from InsureKidsNow.gov (IKN).
By using an approach similar to that used by the American Dental
Association (15), we matched dentists recorded as accepting pub-
lic insurance in the IKN database with all dentists in the Georgia
Board of Dentistry list by using fuzzy logic, after removing re-
peats in the IKN data and accounting for both individual dentists
and dental care offices. For dental care offices, we assumed all
dentists who were identified in an office that was recorded in the
IKN database accepted public insurance.

We used 2012 Medicaid Analytic Extract claims data obtained
from the Centers for Medicare & Medicaid Services to estimate
the distribution of caseload capacity allocated by each dentist for
publicly insured children; these data accounted for excess capa-
city attributable to no-shows and potential underutilization. This
study was approved by Centers for Medicare & Medicaid Ser-
vices data use agreement no. 23621 and by the institutional re-
view board of the Georgia Institute of Technology (protocol no.
H11287).

To estimate access, we used an optimization model (16) that
matched dental care supply and dental care need under the follow-
ing set of constraints:

* Supply: the number of patients assigned to each dentist does not
exceed the maximum caseload capacity for pediatric preventive
care (ie, provider scarcity <1);

+ Public insurance acceptance: the number of assigned publicly
insured patients does not exceed the provider’s public insur-
ance caseload;
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 Patient’s travel mobility: the patient’s travel distance does not
exceed Georgia guidelines on access standards (17). The max-
imum distance for patients with personal vehicles is 30 miles in
urban areas and 45 miles in rural areas (17). For patients
without a private vehicle who must use an alternative means of
transportation, we set a maximum distance threshold of 15
miles (45 minutes of travel time) for rural census tracts and 8
miles (30 minutes of travel time) for urban tracts.

The optimization model was based on the assumption that pa-
tients prefer providers who are nearer rather than farther to their
residence, so the model’s objective was to minimize the total dis-
tance traveled to reach dentists by publicly insured and privately
insured children. We did not include uninsured children from fam-
ilies with incomes between 247% and 400% of the FPL directly in
the optimization model because they were assumed not to have ac-
cess to public insurance or to have the money necessary to pay for
dental care out of pocket.

The model determined the number of children in the 2 study popu-
lations for each census tract assigned to a dentist’s location ac-
cording to the aforementioned constraints. Need within a census
tract could be assigned to different dentists; unmet need within a
census tract occurs when the total provider capacity in the census
tract is not enough to satisfy all the need. Because many dentists
do not accept patients using public insurance, our model assigned
privately insured and publicly insured children separately. To ac-
count for uncertainty in the estimates of provider caseload and in
the proportion of children with a greater need for preventive dent-
al care (ie, high-risk children), we ran 65 microsimulations that
simultaneously sampled from these parameters.

We defined a disparity as the absolute difference in access
between publicly insured children (low family income) and
privately insured children (insured and/or high family income).
Using a simultaneous inference approach (18), we identified
census tracts with poorer access than various disparity thresholds
at the significance level of .05. For travel distance, we tested the
disparity thresholds of 2, 6, 8, and 10 miles. For provider scarcity,
we tested the disparity thresholds of 0, 0.1, 0.2, and 0.3. We selec-
ted these thresholds because we believed they were reasonable.

We examined the effect of various acceptance rates (ranging from
20% to 80%) of public insurance for children among dentists on
our 3 access measures. To do this, we first set the acceptance rate
to a given value and then sampled the public insurance caseload
separately for dentists in urban tracts (caseload ranged from 35%
to 50%) and dentists in rural tracts (caseload ranged from 55% to
65%). Similarly, we varied the caseload capacity of dentists ac-
cepting public insurance patients from 20% to 75% and set the

maximum allowed travel distance to dentists for families owning a
vehicle from 30 miles to 60 miles (for both rural and urban census
tracts). Further details on all methods are available at https://
healthanalytics.gatech.edu/publications/journal-papers.

Results

Among the 4,123 dentists who provided preventive dental care to
children, 27.9% accepted public insurance. Among Georgia’s ap-
proximately 2.6 million children, the estimated number of pub-
licly insured children was 1.5 million, and the number of privately
insured children was 600,000. The state has 1,969 census tracts
(1,527 urban) in 159 counties (50 urban). The number of publicly
insured children was 1,183,470 in urban census tracts and 309,813
in census tracts. The number of privately insured children was
536,043 in urban census tracts and 68,194 in rural census tracts.
Both rural and urban census tracts had low percentages of chil-
dren with financial access to preventive dental care; few census
tracts had a percentage greater than 90% (Figure 1).

Percentage of children
- 0% to <40%
|:| 40% to <60%
|:| 60% to <70%
|:| 70% to <80%
- 80% to <90%

- 290%

Athens

Atlanta

Warner Robins
Columbus

Savannah

Valdosta

Figure 1. Percentage of children with financial access to preventive dental
care in each census tract. Financial access is the percentage of children who
either are eligible for public insurance or have the ability to afford dental care
through commercial insurance or ability to pay out-of-pocket.

The opinions expressed by authors contributing to this journal do not necessarily reflect the opinions of the U.S. Department of Health and Human Services,

the Public Health Service, the Centers for Disease Control and Prevention, or the authors’ affiliated institutions.

www.cdc.gov/pcd/issues/2017/17_0176.htm « Centers for Disease Control and Prevention 3


www.cdc.gov/pcd/issues/2017/17_0176.htm

PREVENTING CHRONIC DISEASE

PUBLIC HEALTH RESEARCH, PRACTICE, AND POLICY

VOLUME 14, E104
OCTOBER 2017

The state average (10th—90th percentile) met need for publicly in-
sured children was 0.59 (0-1.00) and for privately insured chil-
dren was 0.96 (0.90—1.00) (Table 1). In rural areas, these values
were 0.33 for publicly insured and 0.84 for privately insured chil-
dren, and in urban areas, 0.67 for publicly insured and 0.99 for
privately insured children. The average travel distance for pub-
licly insured children was 17.2 miles and for privately insured
children 3.7 miles. In rural areas, the average travel distance was
32.9 miles and 11.6 miles, and in urban areas 12.6 miles and 1.5
miles for publicly and privately insured children, respectively. The
average provider scarcity for publicly and privately insured chil-
dren was 0.70 and 0.45, respectively. In rural areas, the average
provider scarcity was 0.88 and 0.50 and in urban areas 0.65 and
0.43 for publicly and privately insured children, respectively.

Assuming a caseload capacity ranging from 35% to 50% in urban
census tracts and from 55% to 65% in rural census tracts, we
found that 6% of the census tracts were served, 57% were under-
served, and 37% were unserved (Table 2).

The difference in travel distance between publicly insured chil-
dren and privately insured children was greater than 2 miles for
72% of the census tracts and greater than 10 miles for 38% of the
census tracts (Table 3). The difference in provider scarcity
between publicly insured children and privately insured children
was greater than 0 in 68% of census tracts and greater than 0.3 in
16% of census tracts.

Access to preventive dental care increased among publicly in-
sured children as dentists’ participation in public insurance in-
creased (Figure 2). For a provider participation rate of 20%, the
median met need was 30.5%, provider scarcity was 0.86, and the
median travel distance was 23.4 miles. To achieve 100% median
met need, a provider participation rate of 80% would be required.
This increase from 20% to 80% would also result in a decrease in
median travel distance to 5.6 miles and a provider scarcity of 0.52.
For an increase in provider participation rate from 20% to 80% in
rural tracts, the median met need increased from 21.7% to 100%,
provider scarcity decreased from 0.94 to 0.65, and the median
travel distance decreased from 38.9 miles to 20.2 miles. In urban
tracts, the median met need increased from 46.7% to 100%, pro-
vider scarcity decreased from 0.83 to 0.47, and the median travel
distance decreased from 19.2 miles to 3.8 miles.
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Figure 2. Median values of the percentage of met need, travel distance, and
scarcity of dentists in rural and urban census tracts, by dentists’
Medicaid/CHIP acceptance ratio. Scarcity was calculated as the patient
caseload served by dentists divided by maximum patient caseload capacity;
higher values indicate greater scarcity of dentists. The vertical dashed line at
28% represents the current rate of providers participating in public insurance
programs. Abbreviation: CHIP, Children’s Health Insurance Program.

Access to preventive dental care among privately insured children
was negligibly affected by increases in dentists’ participation in
public insurance: overall, median met need was 100% at all levels
of participation in public insurance. An increase of participation in
public insurance from 20% to 80% would result in an increase of
the median travel distance from 0.71 to 0.74 miles, and an in-
crease of provider scarcity from 0.42 to 0.65.

When we held other variables constant in the optimization model,
an increase from 20% to 75% in the public insurance caseload of
dentists currently accepting public insurance patients also in-
creased access to preventive dental care among publicly insured
children. Met need increased from 24.0% to 98.1% overall, from
17.4% to 79.6% in rural census tracts, and from 26.2% to 100% in
urban census tracts. Overall, travel distance decreased from 24.8 to
10.4 miles, and provider scarcity decreased from 0.85 to 0.70. For
privately insured children, the effect of an increase in the public
insurance caseload from 20% to 75% was again negligible: medi-
an met need was 100%, median travel distance increased from
0.71 to 0.77 miles; and provider scarcity increased from 0.36 to
0.54.
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Access measures varied overall and for urban and rural census
tracts when maximum allowed travel distance for people with a
personal vehicle was varied from 30 miles to 60 miles. Overall, at
the state level, the percentage of met need was 76.4% for publicly
insured children and 100% for privately insured children for all
levels of the maximum allowed travel distance. An increase of the
parameter from 30 miles to 60 miles would result in an increase of
the median travel distance from 15.1 miles to 25.51 miles for pub-
licly insured children; an increase in this parameter would not af-
fect the median travel distance for privately insured children (0.71
miles for every value of the parameter). Median provider scarcity
was equal to 0.73 for public insured children and varied from 0.46
and 0.47 for privately insured children.

Discussion

Approximately 60% of the 2.6 million children living in Georgia
are eligible for public dental insurance. We found that these chil-
dren had significantly less access to preventive dental care than
privately insured children and that disparities in access were most
pronounced in rural areas. Our model predicted that publicly in-
sured children would travel at least 20 miles more to a dentist’s of-
fice than would higher-income or privately insured children in
40% of all census tracts in Georgia, in 50% of rural census tracts,
and in 35% of urban census tracts.

Increasing dentists’ participation rate in public insurance from its
current level of 27.9% to 50% could decrease the 1-way travel dis-
tance for a dental visit for publicly insured children from 40 to 25
miles in rural census tracts and from 12 to 10 miles in urban
census tracts. The finding that almost doubling dentists’ partici-
pation in public insurance would negligibly affect the access of
privately insured children suggests that dentists’ patient caseload
capacity could increase if the public insurance program in Geor-
gia were to provide incentives (eg, increased reimbursement rates)
for dentists to participate. Although an analysis of national data
found that increasing Medicaid dental care reimbursement rates
had only a modest effect on use of dental care among Medicaid-
enrolled children (19,20), another study in Connecticut found that
increasing Medicaid reimbursement rates from roughly 35% of the
private insurance reimbursement rate to 70% during a 4-year peri-
od increased dental care use from 42% to 76% (21). The larger ef-
fect of increased reimbursement on Medicaid use in Connecticut
may have been due to the state’s simplification of Medicaid ad-
ministrative procedures and the raising of reimbursement rates
during a recession, which could have lowered private demand and
opened dental care capacity.

However, incentivizing public insurance participation by increas-
ing dental fees may not be feasible in the current economic envir-
onment. We found that only at a public insurance participation rate
of 80%, which is challenging to attain, would all need be met for
preventive dental care among publicly insured children. Another
potential way to increase capacity for preventive dental care is to
allow dental hygienists to provide preventive dental care in school
settings (22). This approach could also lead to a decrease in costs,
because the marginal rate for a hygienist is less than the rate for a
dentist. Because of long travel distances in rural census tracts re-
gardless of the participation rates of dentists in public insurance,
the provision of preventive dental care in schools might be an at-
tractive solution (23). Recently, Georgia passed legislation (HB-
154) to allow dental hygienists to provide this care (24).

Our estimates are more conservative than estimates produced in a
recent study (25), which found that 94% of children live within 15
minutes of a dentist that accepts Medicaid. The main reasons for
this difference are that we 1) accounted for the fact that dentists
who accept public insurance do not devote 100% of their capacity
to public insurance—enrolled children, 2) assumed that not all dent-
ists take new public insurance—enrolled patients, and 3) focused
only on access to preventive care. Optimization models such as
ours have been compared with the classic catchment area method
(26); although the optimization model is more complex, it has sev-
eral advantages in providing more accurate access estimates (27).

Limitations of this study pertain to assumptions made to estimate
access and to the limited availability of detailed data. Limitations
exist in estimating need and supply for preventive dental care (10).
First, we used household income thresholds for public insurance
programs to estimate the numbers of children who are eligible for
public insurance. Second, we relied on Georgia Board of Dentistry
data to identify practice locations of dentists. Although many dent-
ists practice from various offices, only the business address is
provided by the Georgia Board of Dentistry. Third, we used the
IKN database to identify dentists accepting public insurance, as-
suming capacity for public insurance to be within a given range.
The IKN database can be inconsistent in that it includes duplicate
entries, and it names many providers not found in the Georgia
Board of Dentistry data. We assumed all dentists in an office ac-
cepting public insurance took publicly insured children. We also
assumed that dentists accepting public insurance took all types of
public insurance. Fourth, we estimated matches between patients
and dentists assuming a centralized framework; we showed else-
where (18) how the model could be modified to incorporate de-
centralized decision making with patients maximizing their own
welfare. Finally, travel distances do not account for potential dif-
ferences in the associated travel time that may arise from popula-
tion density or road shape.
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The methods used in this study could help decision makers identi-
fy areas where disparities in access to preventive dental care are
largest and implement strategies to increase dental care capacity
for public insurance patients accordingly. Without access to pre-
ventive dental care it is likely that many of these children would
develop dental caries. Dental caries is one of the most common
diseases of childhood (28), and effective interventions exist to pre-
vent it (29,30). Furthermore, evidence suggests that increasing ac-
cess to effective preventive dental services could be cost saving to
the Centers for Medicare & Medicaid Services (31).
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Tables

Table 1. Average Values (10th-90th Percentile) for 3 Measures of Access to Preventive Dental Care Across 65 Microsimulations, by Type of Insurance and Type of

Census Tract (Rural or Urban), Georgia, 2015

Type of Insurance

Measure of Access/Type of Census Tract Entire State Population® Public Private
Percentage of met need®

All 0.67 (0.14-1.00) 0.59 (0-1.00) 0.96 (0.90-1.00)
Rural 0.42 (0-0.92) 0.33 (0-0.89) 0.84 (0-1.00)
Urban 0.74 (0.26-1.00) 0.67 (0-1.00) 0.99 (0.99-1.00)
Travel distance,” mi

All 14.4 (0.52-36.43) 17.2 (1.1-45.0) 3.7 (0.02-7.3)
Rural 29.26 (7.95-45.00) 32.9 (10.3-45.0) 11.6 (0.6-45.0)
Urban 10.12 (0.34-23.50) 12.62 (0.74-30.00) 1.46 (0.01-3.56)

Scarcity of providersd

Al 0.67 (0.38-0.95) 0.70 (0.39-1.00) 0.45 (0.05-0.91)
Rural 0.82(0.57-1.00) 0.88 (0.65-1.00) 0.50 (0.09-1.00)
Urban 0.63 (0.35-0.91) 0.65 (0.38-1.00) 0.43 (0.04-0.89)

@ Entire population in Georgia is represented by 1,969 census tracts (1,527 urban and 442 rural).
P Calculated as the total met need (the need served within state access standards [8]) divided by pediatric need for preventive dental care services. Higher values
indicate smaller proportions of children who need to travel longer distances than the distances specified by state access standards to reach an available provider.
¢ Calculated as the average distance in miles a child must travel from his or her residence 1-way to visit the dentist. Higher values indicate larger travel distances.
9 Calculated as the patient caseload served by dentists divided by maximum patient caseload capacity; higher values indicate greater scarcity of dentists.
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Table 2. Mean Percentage (Range) of Census Tracts?, by Level of Preventive Dental Care Service and by Type of Census Tract (Urban or Rural), Across 65 Microsim-
ulationsb, Georgia, 2015

Level of Preventive Dental Care
Type of Census Tract Served® Underserved® Unserved®
All 6 (2-8) 57 (56-60) 37 (36-38)
Urban 8(3-10) 64 (62-68) 29 (27-31)
Rural 1(0-2) 35 (32-38) 64 (61-67)

@ Entire population of Georgia is represented 1,969 census tracts (1,527 urban and 442 rural).

®In microsimulations, capacity ranged between 35% and 50% for urban communities and between 55% and 65% for rural communities.
¢ Met need >90%.

4 Met need from 50% to 90%.

€ Met need <50%.
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Table 3. Absolute Difference® in Access Measure of Preventive Dental Care Between Publicly Insured Children and Privately Insured Children at Multiple Thresholds
of Met Need, Georgia, 2015°

Travel Distance, mile Scarcity of Providers®
Type of Census Tract 2 6 8 10 >0 >0.1 >0.2 >0.3
All 1,399 (72) 1,104 (56) 934 (48) 749 (38) 1,321 (68) 919 (47) 612 (31) 307 (16)
Urban 1,095 (78) 842 (76) 691 (74) 530 (71) 1,009 (76) 684 (74) 451 (74) 200 (65)
Rural 304 (22) 262 (24) 243 (26) 219 (29) 312 (24) 235 (26) 161 (26) 107 (35)

@ For example, the difference in travel distance between publicly insured children and privately insured children was greater than 2 miles for 72% of the census
tracts and greater than 10 miles for 38% of the census tracts.

b All values are number (percentage).

°The difference in provider scarcity was greater than O in 68% of census tracts and greater than 0.3 in 16% of census tracts. Scarcity was calculated as the pa-
tient caseload served by dentists divided by maximum patient caseload capacity; higher values indicate greater scarcity of dentists.
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Abstract

Introduction

Youth health-related fitness positively affects academic outcomes,
although limited research has focused on the relationship between
fitness and school absenteeism. We examined the longitudinal as-
sociation between individual children’s fitness and lagged school
absenteeism over 4 years in urban middle schools.

Methods

Six cohorts of New York City public school students were fol-
lowed from grades 5 through 8 (school years 20062007 through
2012-2013; n = 349,381). A 3-level longitudinal generalized lin-
ear mixed model was used to test the association of change in fit-
ness composite percentile scores and 1-year lagged child-specific
days absent.

Results

Adjusted 3-level negative binomial models showed that students
with a more than 20% increase, 10% to 20% increase, less than
10% increase or decrease, and 10% to 20% decrease in fitness
from the year prior had 11.9% (95% confidence interval [CI],
7.2-16.8), 6.1% (95% CI, 1.0-11.4), 2.6% (95% CI, —1.1 to 6.5),
and 0.4% (95% CI, —4.3 to 5.4) lower absenteeism compared with
students with a more than 20% fitness decrease.

Conclusion

Cumulative effects of fitness improvement could have a signific-
ant impact on child absenteeism over time, particularly in high-
need subgroups. Future research should examine the potential for
school-based fitness interventions to reduce absenteeism rates,
particularly for youths who have fitness drop-offs in adolescence.

Introduction

Youth physical activity and health-related fitness (henceforth fit-
ness) positively affects academic outcomes (1,2), potentially act-
ing through pathways involving enhanced cognition and memory
(3) or improvements in both physical and psychosocial wellness
(4,5). Fitness and physical activity are strongly associated, and fre-
quent vigorous physical activities are likely to improve fitness (6).
For example, daily physical activity of at least moderate intensity
is associated with reduced clustering of cardiovascular risk factors
in youths, including high blood pressure, insulin level, lipids, and
adiposity (7). However, accelerometry data show that only 42% of
children aged 6 to 11 years meet international physical activity re-
commendations for at least 60 minutes per day of moderate to vig-
orous physical activity (8). Although these rates are similar to
rates in European countries (9), declines in physical activity are
steeper from childhood to adolescence in the United States com-
pared with declines in other nations (10). This national trend is
also evident in New York City (NYC), where 40% and 20% of
youths aged 6 to 12 and 14 to 18, respectively, meet physical
activity recommendations (11,12).

Another established predictor of academic performance is school
absenteeism (1,13), which may mediate the observed fitness—aca-
demic achievement association. Maintaining regular attendance,
defined as missing fewer than 6 excused or unexcused days per
year, predicts academic success (14). School absenteeism, regard-
less of reason, predicts poor academic achievement and is associ-
ated with poor school adjustment; alcohol, tobacco, and substance
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use; increased rates of teen pregnancy; juvenile delinquency; and
both family and home-school disengagement (4,15,16). Fitness
improvements may both directly and indirectly reduce absentee-
ism, working potentially through pathways involving self-esteem,
physical health, mental health, and cognitive processing (3,4).

Limited research has examined the fitness—absenteeism relation-
ship (4,5,17), demonstrating consistent inverse associations
between fitness and school absenteeism. For example, Blom et al
demonstrated that students with greater fitness had lower odds of
more than 8 absences per year (odds ratio [OR], 3.31; 95% confid-
ence interval [CI], 1.51-7.28 for students with 6 compared with
less than 5 healthy fitness zones achieved) (5). Two other articles
found significant crude associations between student physical
activity and absenteeism (4,17). These studies drew predomin-
antly from cross-sectional data and did not account for a range of
potential confounders, including contextual factors that contribute
to absenteeism and fitness. For example, neighborhood poverty
contributes to parent—school engagement and youth fitness
(18,19). Similarly, school size affects programs and policy toward
school attendance and physical activity (20,21). The bulk of re-
search on fitness and absenteeism is unable to support causal hy-
potheses given that temporality of exposure and outcome are not
known. Nuanced research in this area that draws from individual-
level measures collected over multiple years and includes school-
level factors is necessary to better inform policy in support of in-
creased school-based fitness programs.

We analyzed the longitudinal association between change in fit-
ness and 1-year lagged absenteeism in 6 cohorts of NYC public
school students based on year of initiating middle school and fol-
lowed consecutively over 4 years (fitness change from grades 5 to
6, 6 to 7, and 7 to 8 paired with days absent per year for grades 6,
7, and 8, respectively) during a 7-year study period (2006-2007
through 2012-2013). We hypothesized that improvements in fit-
ness (cardiorespiratory, muscular endurance, and muscular
strength fitness composite percentile scores) would predict lower
subsequent absenteeism.

Methods

Study population

Data were drawn from the NYC FITNESSGRAM (Fitnessgram)
data set jointly managed by the NYC Department of Education
(DOE) and Department of Health and Mental Hygiene (DOHMH)
(22). It comprises annual fitness assessments collected by DOE for
approximately 870,000 NYC public school students per year
(grades K—12) starting in 2006—2007. This study was approved by
the City University of New York and DOHMH institutional re-
view boards.

The Fitnessgram is based on the Cooper Institute’s Fitnessgram,
which has both strong reliability and validity (23). Fitnessgram
performance tests provide a health assessment related to present
and future health outcomes. NYC schools are mandated to have
85% or more of eligible students complete the test each year. In-
clusion criteria for this study included enrollment in a NYC pub-
lic school that collected Fitnessgram measurements for 2 or more
consecutive years while in grades 6 through 8 during the study
period (2006—-2007 through 2012-2013) (see Figure 1 for sample
selection flowchart). Student cohorts were defined based on year
of initiating grade 6. Students were excluded (n = 6,225) if they
were enrolled for less than n — 5 days per school year (where n is
the maximum number of days enrolled across all students in each
given year [n range: 292-297 days]) to ensure a consistent period
of observation across school years with different total instruction-
al days per year. Next, students were excluded if they did not take
the Fitnessgram test for 2 or more consecutive years (n = 56,464),
attended schools with poor-quality fitness data (n = 350), or
changed schools during 6th through 8th grade (to be able to ac-
count for school clustering in the analysis; n = 44,977). After the
above exclusions, the final sample of 6th through 8th graders in-
cluded 349,381 unique students (51% male, 83% born in the
United States, 38% Hispanic, 28% non-Hispanic black, and 16%
non-Hispanic white; mean [standard deviation (SD)] school popu-
lation = 541 [632]). Students in 6th, 7th, and 8th grades contrib-
uted 177,281, 220,769, and 186,135 student-years, respectively,
across 624 schools.
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Students enrolled in grades 6, 7, or 8

for the entire academic year during

2006-2007 through 2012-2013,

attending a general education NYC

public school (N = 457,397)

Number Excluded

Enrolled less than n - 5 days,
where n = maximum days enrolled
across students per year (n = 6,225)

Enrolled at least n - 5 days,
where n = maximum days enrolled
across students per year (n = 451,172)

Missing Fitnessgram measurements
for =2 consecutive years while in 5th
through 8th grades during 2006-2007
through 2012-2013 (n = 56,464)

Fitnessgram measurements for at

minimum 2 consecutive years

(n = 394,708)

Students from schools with poor
quality fitness data between
2009-2010 through 2010-2011 based
on all students decreasing in height
over time (n = 350)

Attended schools with acceptable
fitness data quality (n = 394,358)

Students who changed schools during
6th through 8th grades during
2006-2007 through 2012-2013

(n = 44,977)

Did not change schools during 6th
through 8th grades (n = 349,381)

Figure 1. Sample selection flowchart for the association of fitness and
absenteeism in New York City (NYC) public middle school students,
2006-2007 through 2012-2013.

Measures

The primary exposure was a categorical variable representing age-
and sex-specific percentage change in fitness composite percentile
scores based on the sum of percentile scores for the Progressive
Acrobic Cardiovascular Endurance Run (PACER), muscle
strength and endurance (curl-up and push-up) tests (23). Scores
were converted to percentiles to account for expected improve-
ments in performance with increasing age and by sex. The fitness
variable was categorized as more than 20% decrease, 10% to 20%
decrease, less than 10% change, 10% to 20% increase, and greater
than 20% increase in performance from the year prior, consistent
with longitudinal research on fitness and academic outcomes
drawing from the Fitnessgram data set (24).

The primary outcome variable for this analysis was student-level
number of days absent per year. Annual enrollment and attend-
ance records were matched to Fitnessgram results by a unique stu-
dent identifier.

Adjusted models included sex, age, race/ethnicity, place of birth,
socioeconomic status (SES), and school size. These covariates
predict both fitness and absenteeism (4,20,21,24). Age at the time
of height and weight measurement was treated as a continuous
variable. Race/ethnicity was based on school enrollment forms

completed by parents and grouped into 5 categories: Hispanic,
non-Hispanic black, non-Hispanic white, Asian/Pacific Islander,
and other. Place of birth (United States vs foreign country) was in-
cluded as a covariate based on literature demonstrating that im-
migration status is predictive of physical activity (25) and school
attendance (26). SES was defined as the percentage of households
in the students’ school zip code living below the federal poverty
threshold (low [<10%], medium [10%—-20%], high [>20%-30%],
and very high [>30%] poverty area) according to American Com-
munity Survey 2007-2012 data (27). School size classified
schools, as per the literature, as small (<400 students) or nonsmall
(>400 students) (20).

Change in obesity status from the year prior (obese to not obese,
consistently not obese, consistently obese, not obese to obese) was
also included as a potential confounder based on the literature (4).
Body mass index (BMI) is collected annually as a part of the Fit-
nessgram curriculum. Obesity was defined as having a BMI in the
95th percentile or higher for the same sex and age group using
2000 Centers for Disease Control and Prevention guidelines (28).
Change in obesity status category was used in lieu of changes in
BMI percentile to capture meaningful shifts in body composition
associated with school outcomes (29).

Statistical analysis

Descriptive statistics were computed to summarize sample charac-
teristics. Next, trends in absenteeism (days absent) by fitness,
grade, and demographics were examined.

Because observations were nested within students, nested within
schools, mixed-model methods were used. Specifically, a series of
crude and adjusted 3-level longitudinal generalized linear mixed
models with random intercepts for student and school effects were
fit to assess the fitness—absenteeism association while accounting
for clustering and individual- and school-level confounders.

First, to determine the extent of variation in absenteeism at the
school level, an unconditional model with random intercepts was
fit to the data (model 1). The school-level intraclass correlation
(ICC) was calculated as the ratio of the variance for the school di-
vided by the sum of the 3 variance parameter estimates, represen-
tedaso® /(o +06___+02). Although univariate distri-
schoo student school €
butions for days absent demonstrated a long right-tailed Poisson
distribution, the ICC was calculated based on a linear model giv-
en that the ICC definition is not well defined for Poisson models

(30).

Next, the longitudinal association of change in fitness and lagged
number of days absent per year was assessed by using a 3-level
crude longitudinal negative binomial mixed model with random
intercepts and the exposure, child-specific change in fitness from
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the year prior, as well as an offset term representing total instruc-
tional days per school year included in the model (model 2). Neg-
ative binomial models were used because data were overdispersed.
B Coefficients represented the effects of the exposure, change in
fitness on outcome, 1-year lagged number of days absent per year.
Absenteeism rates were computed by calculating the incidence
rate ratio, represented as exp(p).

Finally, potential individual- and group-level confounders were
added to the model (model 3). Confounding variables included
level-1 time-varying covariates for grade, year (to control for po-
tential cohort effects), and change in obesity status from the year
prior, level-2 covariates for individual sociodemographic factors
(sex, race/ethnicity, place of birth), level-3 covariates for school
size and SES, and interactions (grade*race/ethnicity, grade*sex,
grade*place of birth, and SES*race/ethnicity).

In these analyses, students contributed fitness-change data for 5th
to 6th, 6th to 7th, and/or 7th to 8th grades (n = 349,381 unique stu-
dents; 675,318 observations). A 2-sided P value of less than .05
was considered significant. Analyses were performed using SAS
version 9.4 software (SAS Institute, Inc).

Results

Just under 40% of students had less than 10% change in fitness
from the year prior, followed by greater than 20% increase (20%),
greater than 20% decrease (19%), 10% to 20% increase (12%),
and 10% to 20% decrease (12%) (Table 1). The mean (SD) num-
ber of days absent per year were highest among boys (11.0 [11.7])
and Hispanic (12.6 [12.9]) and non-Hispanic black (12.3 [13.1])
racial/ethnic groups (Table 2). Mean days absent were also highest
among students who were born in the United States (11.3 [12.1])
compared with those who were born in a foreign country (11.1
[13.8)).

Overall, the mean number of days absent per year decreased with
improvements in fitness scores from the year prior. The mean
(SD) days absent per year for students with the lowest (>20% de-
crease) to highest (>20% increase) improvements in fitness were
11.9 (12.8), 11.1 (12.2), 10.7 (11.9), 10.3 (11.3), and 10.3 (11.2).
Also, fitness decreased and absenteeism increased with increasing
grade (Table 2). Moreover, for students in the same grade, the dif-
ference in mean days absent for those with improved versus di-
minished fitness became larger with increasing grade level (Fig-
ure 2). For example, mean (SD) days absent for students with the
greatest increase (>20%) in fitness were 9.6 (10.1), 9.8 (10.8), and
11.9 (12.7), for students in 6th, 7th, and 8th grades, respectively.
In contrast, mean (SD) days absent for students with the greatest
decrease (>20%) in fitness were 10.6 (11.3), 11.6 (12.6), and 13.9
(14.3), for students in 6th, 7th, and 8th grades, respectively.

Mean Days Absent per Year

Grade 7 T Grade 8 |

Change In Fitness

[ >20% Decrease[ ] 10%—20% Decrease ] <10% Change

10%—20% >20%
Increase O irceese

Figure 2. Mean days absent per year by grade across fitness-change
categories in New York City public middle school students (N = 349,381),
2006-2007 through 2012-2013. Change in fitness composite percentile
scores based on Progressive Aerobic Cardiovascular Endurance Run (PACER)
Push-up and Curl-up Fitnessgram tests from the year prior. Categories are
based on tabulated mean estimates.

The ICC (model 1) demonstrated a sizable degree of variance in
student absenteeism explained by schools (9%). Results from
model 2 showed all levels of change in fitness were significantly
associated with absenteeism (P < .001). Compared with the refer-
ence category (>20% decrease in fitness), the absenteeism rate de-
creased 13.3% (95% CI, 8.3-16.6), 8.3% (95% CI, 3.3-12.7),
5.6% (95% CI, 1.9-9.0), and 1.6% (95% CI, —3.0 to 6.2) for those
who had a greater than 20% increase, 10% to 20% increase, less
than 10% change, and 10% to 20% decrease in fitness composite
percentile scores from the year prior, respectively.

After adjusting for covariates (sex, race/ethnicity, change in
obesity status from the year prior, place of birth, SES, and school
size), and including interactions (grade*race/ethnicity, grade*sex,
grade*place of birth, and SES*race/ethnicity), B estimates for the
association of fitness change and lagged number of days absent
per year diminished but remained significant (P < .005). Relative
to the reference category (>20% decrease in fitness), the absentee-
ism rate decreased 11.9% (95% CI, 7.2-16.8), 6.1% (95% CI,
1.0-11.4), 2.6% (95% CI, —1.1 to 6.5), and 0.4% (95% CI, —4.3 to
5.4) for those who had a greater than 20% increase, 10% to 20%
increase, less than 10% change, and 10% to 20% decrease in fit-
ness composite percentile scores from the year prior, respectively
(model 3, Table 3).
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Sensitivity analyses were run to determine the effect of days of en-
rollment exclusions, BMI categorization specification, and total
years of consecutive fitness change data on findings. Results
showed slightly more conservative estimates for the magnitude of
effects, although the inverse dose-response association remained
consistent and significant (P < .001, P=.004, and P= .01 for en-
rollment, BMI, and fitness data sensitivity models, respectively).

Discussion

We found that all levels of 1-year change in fitness were signific-
antly associated with absenteeism (P < .001) in both crude and ad-
justed models. Furthermore, consistent levels of fitness improve-
ment each year at the greater than 20% level (vs >20% decrease)
were found to have the potential to reduce a student’s number of
days absent substantially. For example, a child with a mean 10
days absent in 6th grade would have 6.5 days absent per year in
8th grade and 1.5 days absent per year in 12th grade. This change
in days absent represents a shift well within the range of regular
attendance (<5 days absent per year). Findings here are consistent
with the existing cross-sectional literature on fitness and absentee-
ism (4,5,17), lending strong support for future research on the ef-
fects of youth fitness interventions on school absenteeism. NYC
programs unrelated to fitness promotion have shown a 15% reduc-
tion in chronic absenteeism in 100 high-need schools over 2 years
(13), through implementing “early warning” flags to identify at-
risk students, family and student “success mentors,” progress
monitoring systems, and community collaborations. However,
despite gains and similar programs nationally, high absenteeism
rates remain widespread, including 5 million to 7.5 million chron-
ically absent US students each year (13,14).

Strengths of this study were being the first article to the authors’
knowledge to examine the association of change in fitness and
lagged absenteeism, drawing from multiple years of multilevel
data. Also, this analysis included a large and diverse study sample
of approximately 349,000 students comprised of 6 cohorts.

Findings from this study may not be generalized to other cities or
nationally, given a high minority and low-income population in
NYC. Future work should examine potential differences in the fit-
ness—attendance relationship by race/ethnicity and poverty status,
given higher absenteeism observed in this study among both non-
Hispanic black and Hispanic students and those attending schools
in high poverty areas. Furthermore, although DOE protocols pro-
mote retesting students who are absent on the original testing
dates, a large number of students were excluded because of miss-
ing Fitnessgram tests for 2 or more consecutive years, insufficient
enrollment period, or moving schools. Not all students are re-
quired to take the Fitnessgram, including those with chronic health

conditions such as severe asthma. These students, however, would
be more likely to have higher absenteeism given psychosocial,
family, and health factors associated with moving and long-term
absences (31). These effects potentially would move the associ-
ation farther from the null.

Although we offer evidence in support of a causal association
between fitness change and absenteeism, a bidirectional relation-
ship may exist between exposure and outcome. For example, it is
possible that children who have higher absenteeism are more
sedentary, particularly if they are ill or occupied in nonactive ways
(eg, video-game playing, watching television). Domestic factors
may also persist over time. In this sense, although this analysis
lagged absenteeism to fitness, the temporality of exposure and out-
come could be reversed. Future research should explore the direc-
tionality of fitness and absenteeism in more detail, in addition to
the role of chronic conditions in this association.

In our study, systematic bias and differential measurement error
are possible, given that the Fitnessgram data are not collected for
research purposes. Data were not available on many student- and
school-level factors, including self-esteem, drug and alcohol use,
family structure, and individual household poverty (such as in-
come or eligibility for free or reduced-price lunch). These factors
may influence not only absenteeism but also motivation to per-
form well on fitness tests. Absence of this data makes it difficult to
disentangle these relationships. Future work should research
whether mental, social, or emotional health and peer or parent in-
fluence are antecedents to fitness on the hypothesized fitness—at-
tendance causal pathway. This research may shed light on why
some adolescents have fitness performance drop-offs and may
garner particular attendance benefits from these interventions.

Although testing protocols are designed to promote consistency
across administers, Fitnessgram testing sites may vary in their im-
plementation of the protocol. However, in NYC the Fitnessgram is
administered by physical education teachers who receive formal
training on conducting the test, including manuals, video-based
training, and site visits, as well as calibrated scales (22,23).

Fitness levels in US youths decline with increasing age at rates
faster than in other nations. Diminished fitness is shown in longit-
udinal studies to be associated with lower academic performance,
and cross-sectionally to be associated with higher absenteeism.
We present evidence for a longitudinal inverse dose—response as-
sociation between fitness and absenteeism in NYC middle school
youths. Cumulative effects of consistent fitness improvements
from 6th through 12th grades may shift a child from chronic ab-
senteeism to regular attendance. Future research should examine
the effectiveness of school-based fitness interventions to reduce
absenteeism rates, particularly within subgroups that have fitness
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drop-offs in adolescence. Findings may inform policy mandating
increases in school fitness time, including increased classroom-
based physical activity and both stricter school physical education
and recess policies.
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Tables

Table 1. Demographic and Fitness-Change Characteristics of New York City Public Middle School Students (N = 349,381), 2006-2007 Through 2012-2013

Characteristic n®P (%)

Sex

Male 177,355 (51)
Female 172,026 (49)
Race/ethnicity

Asian or Pacific Islander 58,295 (17)
Hispanic 134,453 (38)
Non-Hispanic black 99,363 (28)
Non-Hispanic white 55,857 (16)
Language spoken at home

English 197,727 (57)
Spanish 86,052 (25)
Other language 65,602 (19)
Place of birth

United States 289,160 (83)
Foreign country 60,149 (17)
Change in fitness® (all years)

>20% Decrease 126,115 (19)
10%-20% Decrease 79,172 (12)
<10% Change 253,161 (37)
10%-20% Increase 82,117 (12)
>20% Increase 134,753 (20)
Change in obesity status® (all years)

Obese to not obese 36,029 (5)
Consistently not obese 504,762 (73)
Consistently obese 119,235 (17)
Not obese to obese 27,273 (4)
School-area poverty®

Low poverty 62,238 (18)
Medium poverty 119,219 (34)
High poverty 89,407 (26)

&N for missing place of birth = 72; N for missing area poverty = 7; N for missing or having >1 race/ethnicity = 177.

P Students in 6th, 7th, and 8th grades contributed 177,281, 220,769, and 186,135 student-years, respectively, across 624 schools.

¢ Based on change in change in fitness composite percentile scores based on Progressive Aerobic Cardiovascular Endurance Run (PACER) Push-up and Curl-up Fit-
nessgram tests from the year prior.

d Obesity status was defined according to Centers for Disease Control and Prevention growth chart-derived norms for sex and age (in months), based on a historic-
al reference population, and used to compute the body mass index (BMI) percentile for each child. Obesity was defined as having a BMI >95th percentile for youths
in the same sex and age (in months) group.

® Based on percentage of households in the school zip code living below the federal poverty threshold (low [<10%], medium [10%-20%], high [>20%-30%], and
very high [>30%)] area poverty) drawing from the American Community Survey 2007-2012 (27).

(continued on next page)
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(continued)

Table 1. Demographic and Fitness-Change Characteristics of New York City Public Middle School Students (N = 349,381), 2006-2007 Through 2012-2013

Characteristic n2P (%)

Very high poverty 78,510 (22)
School size

Attending small schools (<400 students) 59,856 (17)
Attending nonsmall schools (=400 students) 289,525 (83)

&N for missing place of birth = 72; N for missing area poverty = 7; N for missing or having >1 race/ethnicity = 177.

P Students in 6th, 7th, and 8th grades contributed 177,281, 220,769, and 186,135 student-years, respectively, across 624 schools.

¢ Based on change in change in fitness composite percentile scores based on Progressive Aerobic Cardiovascular Endurance Run (PACER) Push-up and Curl-up Fit-
nessgram tests from the year prior.

d Obesity status was defined according to Centers for Disease Control and Prevention growth chart-derived norms for sex and age (in months), based on a historic-
al reference population, and used to compute the body mass index (BMI) percentile for each child. Obesity was defined as having a BMI >95th percentile for youths
in the same sex and age (in months) group.

® Based on percentage of households in the school zip code living below the federal poverty threshold (low [<10%], medium [10%-20%], high [>20%-30%], and
very high [>30%)] area poverty) drawing from the American Community Survey 2007-2012 (27).
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Table 2. Mean Days Absent per Year Across Student- and School-Level Demographic and Fitness-Change Characteristics in New York City Public Middle School Stu-
dents (N = 349,381)%, 2006-2007 Through 2012-2013

Characteristic Student—Lever, Mean (SD) School-Level®, Mean (SD)

Sex

Male 11.0 (11.7) 11.2 (11.5)
Female 10.1 (11.0) 10.4 (10.8)
Race/ethnicity

Asian or Pacific Islander 5.5 (7.7) 6.4 (8.3)
Hispanic 12.6 (12.9) 13.3(13.2)
Non-Hispanic black 12.3(13.1) 12.8 (13.3)
Non-Hispanic white 10.0 (9.7) 10.7 (10.2)
Language spoken at home

English 11.9 (12.1) 12.0 (11.9)
Spanish 10.9 (11.1) 11.0 (10.9)
Other language 6.0 (7.4) 6.5 (7.5)
Place of birth

United States 11.3(12.1) 11.7 (11.5)
Foreign country 11.1(13.8) 8.1(8.8)
Change in fitness (all years)d

>20% Increase 10.3 (11.2) 11.0 (11.6)
10%-20% Increase 10.3 (11.3) 10.8 (11.5)
<10% Change 10.7 (11.9) 11.8 (12.6)
10%-20% Decrease 11.1(12.2) 11.6 (12.4)
>20% Decrease 11.9 (12.8) 12.7 (13.2)
Grade®

Grade 6 10.2 (11.0) 10.8 (11.1)
Grade 7 10.9 (12.5) 11.2 (12.2)
Grade 8 13.1(14.5) 13.1(13.6)
School-area povertyf

Low poverty 8.5(9.2) 8.9 (9.3)
Medium poverty 9.5 (10.3) 9.8 (10.2)
High poverty 11.1(11.7) 11.4 (11.6)
Very high poverty 13.1(13.3) 13.1(12.9)
School size

Small schools (<400 students) 12.0 (12.3) 11.8 (11.9)
Non-small schools (=400 students) 10.3 (11.1) 11.8 (11.0)

@ N for missing place of birth = 72; N for missing area poverty = 7; N for missing or having >1 race/ethnicity = 177.

® Student-level columns do not account for school clustering.

¢ School-level columns account for school clustering.

9 Based on change in change in fitness composite percentile scores based on Progressive Aerobic Cardiovascular Endurance Run (PACER) Push-up and Curl-up Fit-
nessgram tests from the year prior.

€ Students in 6th, 7th, and 8th grades contributed 177,281, 220,769, and 186,135 student-years, respectively.

fBased on percentage of households in the school zip code living below the federal poverty threshold (low [<10%], medium [10%-20%], high [>20%-30%], and
very high [>30%)] area poverty) drawing from the American Community Survey 2007-2012 (27).
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Table 3. Association of Fitness Change and Attendance in New York City Public Middle School Students?, 2006-2007 Through 2012-2013

Fitness Change” Unadjusted (Model 2)°, IRR® (95% Cl) Adjusted (Model 3)>®, IRR? (95% Cl)

>20% Increase 1.13 (1.09-1.18) 1.12 (1.07-1.17)
10%-20% Increase 1.08 (1.03-1.14) 1.06 (1.01-1.11)
<10% Change 1.06 (1.02-1.09) 1.03 (0.989-1.07)
10%-20% Decrease 1.02 (0.97-1.06) 1.00 (0.96-1.05)
>20% Decrease 1 [Reference]

Abbreviations: Cl, confidence interval; IRR, incidence rate ratio.

aN = 349,381 students in 6th, 7th, and 8th grades; 675,318 observations across 624 schools.

b Change in fitness composite percentile scores based on Progressive Aerobic Cardiovascular Endurance Run (PACER) Push-up and Curl-up Fitnessgram tests from
the year prior.

© Based on 3-level longjtudinal negative binomial mixed models.

9 All estimates, P < .001.

© Adjusted for sex, race/ethnicity, change in obesity status from the year prior, place of birth (United States or foreign country), school size, and school-area poverty,
and including interactions grade*race/ethnicity, grade*sex, grade*place of birth, and school-area poverty*race/ethnicity.
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Abstract

Introduction

The implementation of a home smoking ban (HSB) is associated
with tobacco use cessation. We identified which quitline callers
were most likely to report 30-day cessation among those who im-
plemented complete HSBs after enrollment.

Methods

Our sample consisted of callers to the Arizona Smokers’ Helpline
who enrolled from January 1, 2011, through July 26, 2015, and
who reported no HSB at enrollment and a complete HSB by 7-
month follow-up. We used logistic regression to estimate associ-
ations between no use of tobacco in the previous 30 days (30-day
quit) at 7-month follow-up and demographic characteristics, health
conditions, tobacco use, and cessation strategies.

Results

At 7-month follow-up, 65.4% of 399 callers who implemented a
complete HSB reported 30-day quit. Lower odds of tobacco use
cessation were associated with having a chronic health condition
(odds ratio [OR], 0.31; 95% confidence interval [CI], 0.18-0.56)
and living with other smokers (OR, 0.46; 95% CI, 0.29-0.73).
Higher odds of tobacco cessation were associated with complet-
ing 5 or more telephone coaching sessions (OR, 2.48; 95% CI,
1.54-3.98) and having confidence to quit (OR, 2.05; 95% CI,

1.05-3.99). However, confidence to quit was not significant in the
sensitivity analysis.

Conclusion

Implementing an HSB after enrolling in quitline services in-
creases the likelihood of cessation among some tobacco users. In-
dividuals with complete HSBs were more likely to quit if they did
not have a chronic health condition, did not live with another
smoker, and were actively engaged in coaching services. These
findings may be used by quitlines to develop HSB intervention
protocols primarily targeting tobacco users most likely to benefit
from them.

Introduction

Home smoking bans (HSBs) are household rules that restrict
smoking from certain areas (partial HSB) or all areas (complete
HSB) (1). Implementing HSBs may facilitate changes in smoking
behavior by limiting exposure to smoking cues from household
members and visitors who smoke (2). Implementing any type of
HSB is associated with tobacco use cessation (2—4). However,
complete HSBs are a more effective cessation strategy than partial
HSBs (5), which present challenges in enforcing smoking restric-
tions (6).

In the United States, quitlines provide evidence-based cessation
services to residents of all 50 states, the District of Columbia, and
Puerto Rico, reaching diverse populations, including those from
underserved and vulnerable communities (7,8). Because success
rates of cessation strategies vary among individuals (9), quitlines
seek to expand the diversity of cessation services and tailor them
to specific groups of smokers to optimize service delivery and im-
prove quit rates (10). One area that has received little attention is
the use of HSB interventions by quitlines. Identifying callers who
are most likely to benefit from HSB interventions and quit to-
bacco use may inform the development of quitline protocols for
HSB interventions for specific groups of tobacco users. The ob-
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jective of our study was to describe predictors of tobacco use ces-
sation among a sample of adults who implemented a complete
HSB after enrolling in services from the Arizona Smokers’
Helpline (ASHLine).

Methods

This retrospective cohort study was based on data from ASHLine,
which is a state-funded quitline that supports cessation among to-
bacco users who live in Arizona (www.ashline.org). Callers who
complete telephone assessments at enrollment are given the oppor-
tunity to work with a trained cessation coach who assists them
through the process of quitting. Informed by motivational inter-
viewing and evidence-based cognitive behavioral strategies,
coaches provide up to 3 months of weekly telephone counseling.
Callers are provided information and guidance on self-regulation,
identification of triggers, stimulus-management and urge-manage-
ment strategies, positive reinforcement, quit smoking tips, prepar-
ation for setting a quit day, and relapse prevention. Eligible callers
are also provided with up to 4 weeks of free nicotine replacement
therapy. Because the study used de-identified caller data, the study
protocol was deemed exempt by the University of Arizona’s insti-
tutional review board.

Eligible participants

Participants were male and female adult callers (aged 18 y or
older) who enrolled in ASHLine from January 1, 2011, through
July 26, 2015. Assessments were conducted at enrollment and 7-
month follow-up by using telephone surveys administered by
ASHLine staff members. To focus the study on the most effective
type of HSB, a complete (rather than a partial) HSB, we included
participants in the analysis only if they implemented a complete
HSB between enrollment and 7-month follow-up. HSB status was
determined by asking, “Is smoking allowed in your home?” Re-
sponses included “smoking not allowed,” “smoking allowed in
some places,” or “smoking allowed anywhere.” Implementation of
a complete HSB was defined as having a response of “smoking al-
lowed anywhere” at enrollment to indicate that no HSB was in
place and a response of “smoking not allowed” at the 7-month fol-
low-up assessment. Callers were excluded from the study if they
did not report implementing a complete HSB by the 7-month fol-
low-up.

Outcome and other variables

The study outcome was smoking cessation, which was determ-
ined at the 7-month follow-up assessment. Participants were asked
the question “Have you used tobacco products in the last 30
days?” (30-day quit). Callers who responded no to the question at
7-month follow-up were categorized as quitters, and callers who

responded yes were categorized as nonquitters. Smoking cessa-
tion was chosen as the study outcome because it is one of the
primary measures of quitline effectiveness (11). Callers missing a
response to this question were excluded from analysis. Several
variables were assessed during enrollment, including demograph-
ic characteristics, health conditions, and tobacco use. Demograph-
ic characteristics were caller’s age (years); sex (male, female);
race (white, black, Asian, American Indian, or multiracial/other);
Hispanic or Latino ethnicity; insurance type (private insurance,
Arizona’s Medicaid [Arizona Health Care Cost Containment Sys-
tem], or uninsured); and education level (high school diploma or
no diploma). Race was categorized as white, black, or other. Miss-
ing responses for Hispanic or Latino ethnicity were imputed to be
no. Insurance type was used as a proxy measurement for socioeco-
nomic status and was categorized as private insurance or not in-
sured/underinsured. The presence of children in the household was
determined by asking “Do you have children under the age of 18
living in your household?” We ascertained the age of the young-
est child in the household. The presence of other smokers in the
household was evaluated by asking “Do others smoke at home?”
and dichotomized as yes or no.

Having a chronic or mental health condition was self-reported at
the time of enrollment. Individuals were categorized as having a
chronic health condition if they had at least one of the following:
asthma, hypertension, cancer, chronic obstructive pulmonary dis-
ease, diabetes, or heart disease. Presence of a mental health condi-
tion was ascertained by asking if they had ever been treated for
“mental health or emotional challenges, such as anxiety disorder,
depression, bipolar disorder, alcohol or drug abuse, or schizo-
phrenia.” Responses included yes, no, or “I don’t know.” Callers
could also refuse to answer these questions. Refusals were con-
sidered missing data, and responses of “I don’t know” were in-
ferred to be no.

Variables describing tobacco use were also assessed at enrollment.
The variables included age of initiation (years); nicotine depend-
ence as measured by the Fagerstrom Test for Nicotine Depend-
ence score (ranging from 0-10), with higher scores indicating
greater dependence (12); and confidence to quit for 24 hours, di-
chotomized as “confident” (caller’s response of “confident,” “very
confident” or “extremely confident”) and “not confident” (re-
sponses of “somewhat confident” or “not confident™).

Variables included in the analysis that described cessation
strategies were use of medication for tobacco use cessation and the
number of coaching sessions completed by the caller. Self-repor-
ted use of any medication for tobacco use cessation (eg, nicotine
replacement therapy or medications such as Zyban [GlaxoSmithK-
line] or Chantix [Pfizer]) was categorized as either yes or no. Data
on the number of coaching sessions a caller completed between
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enrollment and 7-month follow-up were obtained from ASHLine
records. Number of coaching sessions was considered both as a
continuous variable and a binary variable, zero to 4 coaching ses-
sions and 5 or more coaching sessions, as recommended by the
North American Quitline Consortium best practice protocols (13).

Statistical analyses

Logistic regression was used to estimate associations between 30-
day quit and demographic characteristics, health conditions, to-
bacco use, and cessation strategy variables. Covariates included in
the model were prespecified and based on theoretical relevance.
All reported odds ratios (ORs) and 95% confidence intervals (Cls)
were adjusted for all covariates in the model. Sensitivity analysis
was performed by using multiple imputation with chained equa-
tions to assess the sensitivity of our results to missing covariates
(14); only covariates specified in the analytical model and the out-
come were used for this step. The imputation models contained all
the covariates from the analytical model, the smoking cessation
outcome, covariates associated with missingness, and auxiliary co-
variates found to be associated (Pearson correlation coefficient
>(0.20) with predictors that were being imputed. Twenty complete
data sets were imputed and analyzed with logistic regression, and
estimates were combined by using Rubin’s Rules (15).

Linearity in the logit for continuous variables was tested by using
restricted cubic splines (16). If linearity in the logit was not met
for a continuous covariate, the covariate was categorized to meet
the assumption for logistic regression. Linearity in the logit was
met for age at enrollment, age of tobacco use initiation, and to-
bacco dependence. Number of coaching sessions did not meet this
assumption and was therefore categorized as zero to 4 sessions
and 5 or more sessions.

All statistical tests used a significance level of .05 and were per-
formed using SAS 9.4 (SAS Institute, Inc).

Results

Of the original 49,284 callers, 38,948 callers with a complete or
partial HSB at enrollment or missing data on HSB status were ex-
cluded from analysis (Figure). Of the remaining 10,336 callers,
9,587 were excluded because they were missing data on 30-day
quit status (n = 5,865) or they reported not implementing a com-
plete HSB or were missing data on home smoking ban (n = 3,722)
at 7-month follow-up. The remaining 749 callers had 7-month quit
information; 350 of these callers were excluded because they had
missing data on covariates. We found missing values for almost all
covariates; the covariates with the highest percentage of missing
values were race (11.2%) and use of medication for tobacco use
cessation (21.9%). This left 399 callers for the primary analysis; of

these, 261 (65.4%) were quitters and 138 (34.6%) were nonquit-
ters.

through July 26, 2015, in data set (n = 49,284)

Arizona Smokers’ Helpline callers enrolled from January 1, 2011, ‘

Callers at enrollment who reported complete or partial home smoking ban
—> or were missing data on home smoking ban were excluded (n = 38,948)
Y
Callers at enrollment who reported no home
smoking ban (n = 10,336)

> ‘ 30-day quit status were excluded (n = 5,865)
Y

‘ Callers at 7-month follow-up who reperted status

Callers at 7-month follow-up who were missing data for ‘

(ves or nc) on 30-day quit (n = 4,471)

) Callers at 7-month follow-up whe reperted no home smoking ban or partial home
smoking ban er were missing data on home smoking ban were excluded (n = 3,722)
Y

Callers at 7-month follow-up who reported
a complete home smoking ban (n = 749)

> Callers missing values for predictors of interest were excluded (n = 350)

Y

‘ Callers with complete covariate information (n = 399) ‘

Figure. Selection of callers who enrolled in the Arizona Smokers’ Helpline
(ASHLine) and were included in analysis of home smoking bans, Arizona,
January 1, 2011, through July 26, 2015. Thirty-day quit was defined as callers
who said they had not used tobacco products in the last 30 days at 7-month
follow-up.

Callers ranged in age from 19 to 89 years, and most callers were
white, were non-Hispanic, had at least a high school diploma, and
had no children under the age of 18 at home (Table 1). The distri-
bution of covariates was similar between quitters and nonquitters,
with a few significant exceptions. Nonquitters were more likely
than quitters to live with another smoker in the home (53.1% vs
39.2%) and have at least 1 chronic condition (73.3% vs 64.6%).
Quitters were more likely than nonquitters to report using medica-
tion for tobacco use cessation (67.0% vs 45.9%) and completing
more coaching sessions (median of 7 sessions vs median of 3 ses-
sions). Although the difference was not significant, we observed
that nonquitters were more likely than quitters to be white (76.2%
vs 68.4%) and to be uninsured (23.1% vs 20.3%).

The adjusted odds of tobacco use cessation at 7-month follow-up
were lower for callers who reported living with other smokers in
the home (OR, 0.46; 95% CI, 0.29-0.73) or having at least 1
chronic health condition (OR, 0.31; 95% CI, 0.18-0.56). Callers
were more likely to quit if they were confident in their ability to
quit (OR, 2.05; 95% CI, 1.05-3.99) or if they completed 5 or more
coaching sessions (OR, 2.48; 95% CI, 1.54-3.98) (Table 2).

Using the multiply imputed data for missing values, the results of
the primary analysis changed for several covariates (Table 3). The
effects of living with other smokers and having at least 1 chronic
condition were attenuated but still significant. The association for
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confidence to quit was no longer significant in the sensitivity ana-
lysis. The association between completing 5 or more coaching ses-
sions and quitting smoking increased from an OR of 2.48 (95%
CI, 1.54-3.98) to an OR of 3.25 (95% CI, 2.33-4.55).

Discussion

To our knowledge, this is the first study to examine factors that
predict tobacco use cessation among a subgroup of callers who
implemented a complete HSB after enrolling in quitline services.
Only 65.4% of callers who implemented HSBs reported a 30-day
quit at 7-month follow-up. Thus, callers did not equally benefit
from implementing a complete HSB during the quitting process.
Callers who implemented a complete HSB and had increased odds
of tobacco use cessation at 7-month follow-up were more likely to
not have a chronic health condition, to not live with another
smoker in the home, and to have participated in more coaching
sessions. The identified predictors among callers who implemen-
ted complete HSBs were consistent with predictors of cessation
among the general population of smokers (4,17-21). For example,
a Cochrane review found evidence of a dose-response relationship
between the number of coaching sessions and higher quit rates
(17). Other studies indicated that having a chronic health condi-
tion is associated with a lower likelihood of tobacco use cessation,
although cessation rates among quitline users are higher than ces-
sation rates from primary-care—based smoking interventions (20).
Previous studies suggested that the absence of other smokers in
the home is an important predictor of changes in smoking behavi-
or (4,21) and aids in the implementation of HSBs since house-
holds with fewer smokers potentially have fewer barriers to re-
stricting smoking.

Our findings may be particularly valuable for quitlines that want
to continue the trend of increasing their breadth of services (22).
Quitlines that help callers implement complete HSBs and promote
cessation and smoke-free homes support 2 major goals of the Cen-
ters for Disease Control and Prevention. The goals are promoting
quitting among adults and youths and eliminating exposure to
secondhand smoke through the development of comprehensive
state plans to decrease tobacco-use rates (7). Our findings suggest
that quitlines interested in implementing HSB interventions should
develop specialized protocols for callers with particular character-
istics to optimize quitline service delivery and increase quit rates.
However, tobacco users who have chronic health conditions and/
or live with other smokers may also benefit from HSB interven-
tions if quitlines address the unique challenges faced by these to-
bacco users in implementing and enforcing smoking bans. For ex-
ample, these tobacco users may need additional skills, strategies,
and support to change multiple health behaviors and involve other
smokers in the home in their quitting process.

This study had several limitations. One limitation was the lack of
available data on HSBs between enrollment and 7-month follow-
up. No information was available on when the HSB was imple-
mented during the quitting process, length of implementation, or
enforcement of the HSB, all of which may have influenced cessa-
tion. Additionally, the study lacked temporal data and was unable
to determine if the complete HSB preceded or followed quitting
tobacco. To reduce participation burden, callers were not asked to
indicate their level of income during enrollment; instead, we used
type of health insurance as a proxy for socioeconomic status (23).
Another limitation was the use of self-reported data, which may
have resulted in recall and social desirability biases; however, the
collection of self-reported data is standard practice among
quitlines. We also found a substantial amount of missing data at
enrollment and 7-month follow-up. However, the initial data set
was large, and multiple imputation in the sensitivity analysis gen-
erally supported the results of the primary analysis.

Although implementation of HSBs is associated with smoking be-
haviors and cessation (2,3,24-26), little research exists on the ac-
ceptability, feasibility, and effectiveness of interventions to estab-
lish smoke-free households among quitline callers. This study sug-
gested that certain groups of quitline callers may be more likely
than other groups of callers to quit tobacco use when they imple-
ment complete HSBs as part of their quitting process. Expanding
quitline services to include HSB interventions may have other ad-
vantages, including improving callers’ engagement, motivation,
and confidence in quitline services. These advantages could con-
tribute to increased cessation rates among the quitline population.
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Tables

Table 1. Enroliment Characteristics of ASHLine Study Population Enrolled From January 1, 2011, Through July 26, 2015, Who Implemented a Complete Home

Smoking Ban (n = 749), Stratified By 7-Month Quit Status®

Variable Nonquitters Quitters
All, n (%) 277 (37.0) 472 (63.0)
Sex, n (%)

Male 111 (40.1) 196 (41.5)
Female 164 (59.2) 273 (57.8)
Missing data 2(0.7) 3(0.6)
Age,y

Median (IQR) 54 (47-62) 58 (50-64)
Missing data, n (%) 0 3(0.6)
Race, n (%)

White 211 (76.2) 323(68.4)
Black 28 (10.1) 55 (11.7)
Asian 2(0.7) 2(0.4)
American Indian 3(1.1) 12 (2.5)
Multiracial/Other 8(2.9) 21 (4.5)
Missing data 25 (9.0) 59 (12.5)
Hispanic or Latino, n (%) 20 (7.2) 65 (13.8)
Insurance type, n (%)

Private 132 (47.7) 258 (54.7)
AHCCCS 80 (28.9) 114 (24.2)
None 64 (23.1) 96 (20.3)
Missing data 1(0.4) 4(0.9)
Has high school diploma, n (%)

Yes 217 (78.3) 379 (80.3)
No 38 (13.7) 78 (16.5)
Missing data 22 (7.9) 15 (3.2)
Age of youngest child in household, n (%), y

No children <18 230 (83.0) 406 (86.0)
<1 1(0.4) 1(0.2)
1-4 8(2.9) 15 (3.2)
5-11 15 (5.4) 15 (3.2)

Abbreviations: AHCCCS, Arizona Health Care Cost Containment System; ASHLine, Arizona Smokers’ Helpline; IQR, interquartile range.

@ percentages may not sum to 100 due to rounding.

b Measured by the Fagerstrom Test for Nicotine Dependence score (ranging from 0-10), with higher scores indicating greater dependence (12).

" o«

¢ Dichotomized as “confident” (caller’s response of “confident,
or “not confident”).
d One or more of the following: asthma, hypertension, cancer, chronic obstructive pulmonary disease, diabetes, or heart disease.

very confident,” or “extremely confident”) and “not confident” (responses of “somewhat confident”

¢ Treated for any of the following conditions: mental health or emotional challenges, such as anxiety disorder, depression, bipolar disorder, alcohol or drug abuse,

or schizophrenia.

(continued on next page)
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(continued)

Table 1. Enroliment Characteristics of ASHLine Study Population Enrolled From January 1, 2011, Through July 26, 2015, Who Implemented a Complete Home
Smoking Ban (n = 749), Stratified By 7-Month Quit Status?

Variable Nonquitters Quitters
12-17 13 (4.7) 21 (4.5)
Missing data 10 (3.6) 14 (3.0)
Other smokers reside in household, n (%)

Yes 147 (53.1) 185 (39.2)
No 118 (42.6) 265 (56.1)
Missing data 12 (4.3) 22 (4.7)
Nicotine dependenceb

Median (IQR) score 6 (4-7) 5(4-7)
Missing data, n (%) 3(1.1) 43 (9.1)
Age of tobacco use initiation, y

Median (IQR) 16 (14-18) 16 (14-19)
Missing data, n (%) 19 (6.8) 37 (7.8)
Has confidence to quit for 24 hours®, n (%)

Yes 227 (82.0) 380 (80.5)
No 37 (13.4) 74 (15.7)
Missing data 13 (4.7) 18 (3.8)
Has at least 1 chronic health condition?, n (%)

Yes 203 (73.3) 305 (64.6)
No 74 (26.7) 167 (35.4)
Has a mental health condition®, n (%)

Yes 111 (40.1) 186 (39.4)
No 163 (58.8) 283 (60.0)
Missing data 3(1.1) 3(0.6)
Uses medication for tobacco use cessation, n (%)

Yes 127 (45.9) 316 (67.0)
No 50 (18.0) 92 (19.5)
Missing data 100 (36.1) 64 (13.6)
Number of telephone coaching sessions before 7-month follow-up, median (IQR) 3(1-6) 7 (3-10)

Abbreviations: AHCCCS, Arizona Health Care Cost Containment System; ASHLine, Arizona Smokers’ Helpline; IQR, interquartile range.

@ Percentages may not sum to 100 due to rounding.

® Measured by the Fagerstrom Test for Nicotine Dependence score (ranging from 0-10), with higher scores indicating greater dependence (12).

¢ Dichotomized as “confident” (caller’s response of “confident,” “very confident,” or “extremely confident”) and “not confident” (responses of “somewhat confident”
or “not confident”).

d One or more of the following: asthma, hypertension, cancer, chronic obstructive pulmonary disease, diabetes, or heart disease.

€ Treated for any of the following conditions: mental health or emotional challenges, such as anxiety disorder, depression, bipolar disorder, alcohol or drug abuse,
or schizophrenia.

The opinions expressed by authors contributing to this journal do not necessarily reflect the opinions of the U.S. Department of Health and Human Services,
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8 Centers for Disease Control and Prevention ¢ www.cdc.gov/pcd/issues/2017/17_0139.htm


www.cdc.gov/pcd/issues/2017/17_0139.htm

PREVENTING CHRONIC DISEASE VOLUME 14, E105

PUBLIC HEALTH RESEARCH, PRACTICE, AND POLICY OCTOBER 2017

Table 2. Odds Ratios of 30-Day Quit?, by Demographic, Tobacco Use History, Tobacco Dependence, and Cessation Strategy Covariates Among ASHLine Callers Who
Implemented Complete Home Smoking Bans (n = 399), Arizona, January 1, 2011, Through July 26, 2015

Variable 0Odds Ratio (95% Confidence Interval)b

Sex

Male 1.09 (0.68-1.74)
Female 1 [Reference]
Age (per 5-y increase in age)® 1.11 (0.99-1.24)
Race

White 1 [Reference]
Black 1.35 (0.63-2.95)
Other 1.56 (0.61-3.99)
Hispanic or Latino

Yes 1.17 (0.29-4.68)
No 1 [Reference]
Insurance type

Private 1 [Reference]
Not insured or AHCCCS 0.90 (0.56-1.46)
Has high school diploma, n (%)

No 1 [Reference]
Yes 0.65 (0.31-1.38)
Child (<18 y) resides in household

Yes 1.08 (0.48-2.46)
No 1 [Reference]

Other smokers reside in household

Yes 0.46 (0.29-0.73)
No 1 [Reference]
Nicotine dependence (per 1-point increase in score)d 0.92 (0.83-1.02)
Age of tobacco use initiation (per 5-y increase in age)® 1.03 (0.83-1.27)
Has confidence to quit for 24 hours’

Yes 2.05 (1.05-3.99)
No 1 [Reference]

Abbreviations: AHCCCS, Arizona Health Care Cost Containment System; ASHLine, Arizona Smokers’ Helpline.

@ Defined as no use of tobacco in the previous 30 days, reported at 7-month follow-up.

b 0dds ratios have been adjusted for all other covariates in the model.

€ 0dds ratios were calculated for an increment of 5 years in age. That is, for every 5-year increase in age, the odds of quitting tobacco for those who implemented a
complete home smoking ban was 1.11 times the odds of those who had not implemented a ban.

9 Measured by the Fagerstrom Test for Nicotine Dependence score (ranging from 0-10), with higher scores indicating greater dependence (12). Odds ratios were
calculated for a 1-point increase in the Fagerstrom Test score.

€ 0dds ratios were calculated for an increment of 5 years in age.

" Dichotomized as “confident” (caller’s response of “confident,” “very confident,” or “extremely confident”) and “not confident” (responses of “somewhat confident”
or “not confident”).

€ One or more of the following: asthma, hypertension, cancer, chronic obstructive pulmonary disease, diabetes, or heart disease.

" Treated for any of the following issues: mental health or emotional challenges, such as anxiety disorder, depression, bipolar disorder, alcohol or drug abuse, or
schizophrenia.

(continued on next page)
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(continued)

Table 2. Odds Ratios of 30-Day Quit?, by Demographic, Tobacco Use History, Tobacco Dependence, and Cessation Strategy Covariates Among ASHLine Callers Who
Implemented Complete Home Smoking Bans (n = 399), Arizona, January 1, 2011, Through July 26, 2015

Variable

0Odds Ratio (95% Confidence Interval)b

Has at least 1 chronic health condition®

Yes

0.31(0.18-0.56)

No

1 [Reference]

Has a mental health condition"

Yes

1.28 (0.78-2.11)

No

1 [Reference]

Uses medication for tobacco use cessation

Yes

1.20 (0.71-2.03)

No

1 [Reference]

Number of telephone coaching sessions before 7-month follow-up

0-4 1 [Reference]

>5 2.48 (1.54-3.98)

Abbreviations: AHCCCS, Arizona Health Care Cost Containment System; ASHLine, Arizona Smokers’ Helpline.

@ Defined as no use of tobacco in the previous 30 days, reported at 7-month follow-up.

b 0dds ratios have been adjusted for all other covariates in the model.

° 0dds ratios were calculated for an increment of 5 years in age. That is, for every 5-year increase in age, the odds of quitting tobacco for those who implemented a
complete home smoking ban was 1.11 times the odds of those who had not implemented a ban.

9 Measured by the Fagerstrom Test for Nicotine Dependence score (ranging from 0-10), with higher scores indicating greater dependence (12). Odds ratios were
calculated for a 1-point increase in the Fagerstrom Test score.

€ 0dds ratios were calculated for an increment of 5 years in age.

f Dichotomized as “confident” (caller’s response of “confident,” “very confident,” or “extremely confident”) and “not confident” (responses of “somewhat confident”
or “not confident”).

€ One or more of the following: asthma, hypertension, cancer, chronic obstructive pulmonary disease, diabetes, or heart disease.

" Treated for any of the following issues: mental health or emotional challenges, such as anxiety disorder, depression, bipolar disorder, alcohol or drug abuse, or
schizophrenia.
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Table 3. Results of Sensitivity Analysis: Odds Ratios (ORs) of 30-Day Quit® for Demographics, Tobacco Use History, Tobacco Dependence and Cessation Strategy Co-
variates Among ASHLine Callers Who Implemented a Home Smoking Ban, Using Multiply Imputed Data (n = 749), Arizona, January 1, 2011, Through July 26, 2015

Variable 0Odds Ratio (95% Confidence Interval)

Sex

Male 1.06 (0.75-1.48)
Female 1 [Reference]
Age (per 5-y increase in age)b 1.08 (0.99-1.17)
Race

White 1 [Reference]
Black 1.06 (0.62-1.22)
Other 1.75 (0.86-3.58)

Hispanic or Latino ethnicity

Yes 1.55 (0.87-2.76)
No 1 [Reference]
Insurance type

Private 1 [Reference]

Not insured or AHCCCS

0.87 (0.62-1.22)

Has high school diploma, n (%)

Yes

1 [Reference]

No

0.82 (0.51-1.31)

Child (<18 y) resides in household

Yes

0.92 (0.54-1.56)

No

1 [Reference]

Other smokers reside in household

Yes

0.60 (0.43-0.84)

No

1 [Reference]

Nicotine dependence (per 1-point increase in score)c

0.98 (0.91-1.06)

Age of first initiation (per 5-y increase in age)d

1.11 (0.95-1.30)

Has confidence to quit for 24 hours®

Yes

0.77 (0.48-1.23)

No

1 [Reference]

Has at least 1 chronic health condition’

Abbreviations: AHCCCS, Arizona Health Care Cost Containment System; ASHLine, Arizona Smokers’ Helpline.

@ Defined as no use of tobacco in the previous 30 days, reported at 7-month follow-up.

® 0dds ratios were calculated for an increment of 5 years in age. That is, for every 5-year increase in age, the odds of quitting tobacco for those who implemented a
complete home smoking ban was 1.08 times the odds of those who had not implemented a ban.

¢ Measured by the Fagerstrom Test for Nicotine Dependence score (ranging from 0-10), with higher scores indicating greater dependence (12). Odds ratios were
calculated for a 1-point increase in the Fagerstrom Test score.

9 0dds ratios were calculated for an increment of 5 years in age.
¢ Dichotomized as “confident” (caller’s response of “confident,” “
or “not confident”).

fOne or more of the following: asthma, hypertension, cancer, chronic obstructive pulmonary disease, diabetes, or heart disease.

€ Treated for any of the following conditions: mental health or emotional challenges, such as anxiety disorder, depression, bipolar disorder, alcohol or drug abuse,
or schizophrenia.

very confident,” or “extremely confident”) and “not confident” (responses of “somewhat confident”

(continued on next page)
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(continued)

Table 3. Results of Sensitivity Analysis: Odds Ratios (ORs) of 30-Day Quit® for Demographics, Tobacco Use History, Tobacco Dependence and Cessation Strategy Co-
variates Among ASHLine Callers Who Implemented a Home Smoking Ban, Using Multiply Imputed Data (n = 749), Arizona, January 1, 2011, Through July 26, 2015

Variable 0dds Ratio (95% Confidence Interval)
Yes 0.48 (0.32-0.70)
No 1 [Reference]

Has a mental health condition®

Yes

0.94 (0.67-1.34)

No

1 [Reference]

Uses medication for tobacco use cessation

Yes

1.16 (0.76-1.79)

No

1 [Reference]

Number of telephone coaching sessions before 7-month follow-up

0-4 calls

1 [Reference]

>5 calls

3.25 (2.33-4.55)

Abbreviations: AHCCCS, Arizona Health Care Cost Containment System; ASHLine, Arizona Smokers’ Helpline.

@ Defined as no use of tobacco in the previous 30 days, reported at 7-month follow-up.

P 0dds ratios were calculated for an increment of 5 years in age. That is, for every 5-year increase in age, the odds of quitting tobacco for those who implemented a
complete home smoking ban was 1.08 times the odds of those who had not implemented a ban.

¢ Measured by the Fagerstrom Test for Nicotine Dependence score (ranging from 0-10), with higher scores indicating greater dependence (12). Odds ratios were

calculated for a 1-point increase in the Fagerstrom Test score.

9 0dds ratios were calculated for an increment of 5 years in age.
¢ Dichotomized as “confident” (caller’s response of “confident,”
or “not confident”).

very confident,” or “extremely confident”) and “not confident” (responses of “somewhat confident”

fOne or more of the following: asthma, hypertension, cancer, chronic obstructive pulmonary disease, diabetes, or heart disease.
€ Treated for any of the following conditions: mental health or emotional challenges, such as anxiety disorder, depression, bipolar disorder, alcohol or drug abuse,

or schizophrenia.
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Abstract

Introduction

The objective of this study was to identify predictors of severe
obesity in a low-income, predominantly Hispanic/Latino sample
of children in Texas.

Methods

This cross-sectional analysis examined baseline data on 517 chil-
dren from the secondary prevention component of the Texas
Childhood Obesity Research Demonstration (TX CORD) study;
data were collected from September 2012 through February 2014.
Self-administered surveys were used to collect data from parents
of children who were aged 2 to 12 years, had a body mass index
(BMI) in the 85th percentile or higher, and resided in Austin,
Texas, or Houston, Texas. Multivariable logistic regression mod-
els adjusted for sociodemographic covariates were used to exam-
ine associations of children’s early-life and maternal factors
(large-for-gestational-age, exclusive breastfeeding for >4 months,

maternal severe obesity [BMI >35.0 kg/m?]) and children’s beha-
vioral factors (fruit and vegetable consumption, physical activity,
screen time) with severe obesity (BMI >120% of 95th percentile),
by age group (2-5y, 68y, and 9-12 y).

Results

Across all ages, 184 (35.6%) children had severe obesity. Among
children aged 9 to 12 years, large-for-gestational-age at birth (odds
ratio [OR] = 2.31; 95% confidence interval [CI], 1.13-4.73) was
significantly associated with severe obesity. Maternal severe
obesity was significantly associated with severe obesity among
children aged 2 to 5 years (OR = 2.67; 95% CI, 1.10-6.47) and 9
to 12 years (OR =4.12; 95% CI, 1.84-9.23). No significant asso-
ciation was observed between behavioral factors and severe
obesity in any age group.

Conclusion

In this low-income, predominantly Hispanic/Latino sample of
children, large-for-gestational-age and maternal severe obesity
were risk factors for severe obesity among children in certain age
groups. Promoting healthy lifestyle practices during preconcep-
tion and prenatal periods could be an important intervention
strategy for addressing childhood obesity.

Introduction

Childhood obesity is a major public health challenge in the United
States because of its high prevalence, adverse metabolic effects,
racial/ethnic and socioeconomic disparities, and high economic
costs. The prevalence of obesity among children leveled off
between 2003-2004 and 2009-2010 in the United States (1);
however, the prevalence of severe obesity increased (2). The Na-
tional Health and Nutrition Examination Survey showed that the
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prevalence of severe obesity among children aged 2 to 19 years
was 3.8% in 1999-2000 and 5.9% in 2011-2012 (3). The health
and economic consequences of obesity (2,4,5) make it imperative
to understand the associated risk factors. The determinants of
severe obesity may be similar to the lifestyle, environmental, fa-
milial, and societal risk factors for overweight or obesity (4). Be-
cause obesity originates as early as the prenatal period (6), it is im-
portant to examine early-life, maternal, and childhood behavioral
factors. Few studies have investigated the risk factors and protect-
ive factors of severe obesity. One study among a nationally repres-
entative sample of children in the United States identified early-
life and maternal factors such as crossing the 85th percentile of
BMI at an early age, maternal pre-pregnancy severe obesity, gesta-
tional diabetes, and Latino ethnicity as risk factors and certain be-
havioral factors, such as attending a child care facility and eating
fruit at least weekly at kindergarten age, as protective factors for
severe obesity (7). Thus, opportunities exist to explore and identi-
fy potentially modifiable factors for severe obesity among chil-
dren.

The objective of this study was to assess the associations of early-
life, maternal, and behavioral factors with severe obesity among a
sample of low-income, predominantly Hispanic/Latino children
aged 2 to 12 years with overweight, obesity, and severe obesity
who participated in the secondary prevention randomized con-
trolled trial (RCT) of the Texas Childhood Obesity Research
Demonstration (TX CORD) study.

Methods

The TX CORD study was an integrated, systems-oriented model
that incorporated primary and secondary obesity prevention ap-
proaches across multiple sectors (primary health care clinics, early
care and education centers, elementary schools, and community
organizations) and levels (child, family, community, and environ-
ment/policy) in Austin, Texas, and Houston, Texas. The second-
ary prevention component was an RCT that compared an intens-
ive 12-month childhood obesity management program with a
primary care provider—based intervention in the primary catch-
ment area. Baseline data for the secondary prevention study were
collected from September 2012 through February 2014 (8,9). The
target population resided in low-income medically underserved
areas and consisted of children aged 2 to 12 years who were eli-
gible for public health insurance. Catchment areas in Austin and
Houston were determined by using an index that comprised data
on income and racial/ethnic composition and data from geograph-
ical information systems. Details of the study design and methodo-
logy of selection and distribution of the catchment areas are
provided elsewhere (8,9).

The RCT was originally designed with a sample size of 576 to
provide sufficient statistical power to determine the effect of the
intervention on the primary outcome, body mass index (BMI) z
score (8). The study recruited 549 participants. We restricted this
analysis to children born from 23.0 to 41.0 weeks of gestation (n =
517). We conducted a secondary analysis of cross-sectional data
on baseline measures, before randomization.

For the RCT, children aged 2 to 12 years with overweight and
obesity were recruited from the primary health care clinics in TX
CORD catchment areas and randomized to either the intervention
group or comparison group by age group (2-5y [n=149], 6-8 y
[n=173], and 9-12 y [n = 195]). The age groups encompassed the
age range in the program’s funding guidelines and thus clustered
children with similar verbal and physical skills by age. During the
RCT, data were collected on anthropometric, physiologic, and fit-
ness measures of children; anthropometric measures of parents;
and dietary, physical activity, and psychosocial health measures of
parents and children (8). The institutional review board of the Uni-
versity of Texas Health Science Center at Houston Committee for
Protection of Human Subjects approved this analysis (Clinical Tri-
al nos. NCT02724943 and HSC-SPH-11-0513).

Measures

Outcome. The outcome of interest was severe obesity status. An-
thropometric data, including child’s height and weight, were ob-
tained by trained research staff members using standard equip-
ment (8). BMI was calculated as weight in kilograms divided by
height in meters squared (kg/m?). The Centers for Disease Control
and Prevention’s 2000 growth charts were used to express each
child’s BMI as sex-specific and age-specific BMI percentile and
as a percentage of sex-specific and age-specific BMI above the
95th percentile (10). Children with a BMI that was 120% or more
above the 95th percentile of sex-specific and age-specific BMI
(2,11) were categorized as having severe obesity. Children with a
BMI in the 85th percentile or above to less than 120% of BMI
above the 95th percentile were categorized as having overweight
or obesity.

Exposures. Two sets of exposures were of interest: early-life and
maternal factors (large-for-gestational-age, exclusive breastfeed-
ing >4 months, and maternal severe obesity) and child’s behavior-
al factors (fruit and vegetable consumption, physical activity, and
the presence of television in the room where the child sleeps).

Two questions were used to ask parents about birth weight and
gestational age of their child: 1) “What was your child’s weight at
birth?” (parents were given open spaces to input numbers in
pounds and ounces), and 2) “At how many weeks was your child
born?” (parents were given open spaces to input numbers in
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weeks). Gestational age ranged from 23.0 to 46.0 weeks. To be
consistent with research in which growth curves were used to cal-
culate large-for-gestational-age (12), we restricted the study
sample to children born from 23.0 weeks to 41.0 weeks. Using
birth weight and gestational age, we computed sex-specific large-
for-gestational-age (birth weight >90th percentile), adequate-for-
gestational-age (birth weight in the 10th—90th percentile), and
small-for-gestational-age (birth weight <10th percentile) variables,
which correspond with the new intrauterine growth curves created
and validated for US neonatal intensive care units (12). These 3
categories were collapsed into 2 categories: large-for-gestational-
age (birth weight > 90th percentile) and not large-for-gestational-
age (birth weight <90th percentile).

Parents were asked 2 questions about infant breastfeeding prac-
tices: “For how long was your child breastfed?” and “How old was
your child when infant formula milk was introduced?” The re-
sponse options were “less than 1 week,” “less than 1 month,” “2-3
months,” “4—6 months,” and “more than 6 months” for the breast-
feeding question, and “didn’t give formula,” “less than 1 month,”
“2-3 months,” “4-6 months,” and “more than 6 months” for the
formula-feeding question. Children who were breastfed for at least
4 months and not introduced to formula until 4 months were clas-
sified as exclusively breastfed for the first 4 months of life or
more.

Maternal severe obesity at the time of study enrollment was
defined as having a BMI of 35.0 kg/m? or more; thus it included
both class 2 and 3 obesity (13). Procedures for measuring height
and weight of mothers were similar to procedures used for their
children (8).

Child’s fruit and vegetable consumption was determined by par-
ental report of how many times a child ate a fruit, ate a vegetable,
or drank fruit juice “yesterday”; response options were “no,” “1
time,” “2 times,” and “3 or more times” for each item. We
summed the responses for fruits, vegetables, and fruit juice when
the parent selected 1 time or fewer for the fruit juice item. Other-
wise, we summed the responses for fruit and vegetables only.

Child’s physical activity level was operationalized as whether the
child met the current physical activity recommendations of 60
minutes per day of physical activity in the past 7 days. The item
was measured by using the following question: “During the past 7
days, on how many days was your child physically active for a
total of >60 minutes per day? (Add up all the time your child spent
in any kind of physical activity that increased their heart rate and
made them breathe hard some of the time.)”; response options
were “0 days,” “1 day,” “2 days,” “3 days,” “4 days,” “5 days,” “6
days,” and “7 days.” Children were classified as meeting physical
activity recommendations if parents indicated 7 days of activity.

Screen time was determined by parental report (yes or no) of a
television in the room where the child sleeps.

Covariates. Covariates were selected on the basis of research and
plausible direct or indirect association with the outcome variable
(6,7,14-16): sex of child, parent-reported race/ethnicity of child,
poverty-income ratio (PIR), parental marital status, and parent’s
physical activity level. Race/ethnicity was categorized as Hispan-
ic/Latino or non-Hispanic black. Seven (1.4%) children were
neither Hispanic/Latino nor non-Hispanic black, and they were in-
cluded in the non-Hispanic black category. PIR was based on
household size and income and was calculated by using poverty
guidelines of the US Department of Health and Human Services
(17). PIR was classified as less than 125% or 125% or more. Par-
ents’ physical activity was operationalized as whether or not they
were physically active for 30 minutes per day on 5 or more days
per week.

Data analysis

The RCT was powered for the primary outcome by age group: 2 to
5 years, 6 to 8 years, and 9 to 12 years (8); thus, the secondary-
data analyses were conducted by age group. We calculated de-
scriptive statistics for the total sample, by age group, for the out-
come of interest as medians and interquartile ranges for continu-
ous variables and frequencies and percentages for categorical vari-
ables.

We used multiple logistic regression models separately for each
age group to assess the associations of early-life and maternal
factors with severe obesity, after adjusting for the covariates. We
repeated the same modeling strategy to assess the associations of
behavioral factors with severe obesity, after adjusting for the cov-
ariates. Approximately 10% of the data for the exposures and cov-
ariates were missing. Thus, we conducted a complete case analys-
is for the 2 analytic models (the early-life and maternal model [n =
461] and the behavioral model [n = 505]). We calculated odds ra-
tios (ORs) and 95% confidence intervals (Cls). We performed a
sensitivity analysis using an alternative approach of multiple im-
putation to account for missing data that were assumed to be miss-
ing at random (18). The imputation models (2 models for each age
group) included the variables used in corresponding analytic mod-
els. Ten data sets were imputed, using chained equations, for each
of the 6 imputation models. The data sets were then pooled for the
final statistical analysis. A P value of < .05 was considered signi-
ficant. Additionally, we compared sociodemographic characterist-
ics of responders and nonresponders. STATA software version
14.0 (StataCorp LLC) was used for data analysis.

The opinions expressed by authors contributing to this journal do not necessarily reflect the opinions of the U.S. Department of Health and Human Services,

the Public Health Service, the Centers for Disease Control and Prevention, or the authors’ affiliated institutions.

www.cdc.gov/pcd/issues/2017/17_0129.htm « Centers for Disease Control and Prevention 3


www.cdc.gov/pcd/issues/2017/17_0129.htm

PREVENTING CHRONIC DISEASE

PUBLIC HEALTH RESEARCH, PRACTICE, AND POLICY

VOLUME 14, E141
DECEMBER 2017

Results

Across all ages, 184 (35.6%) children had severe obesity. Among
participants aged 2 to 5 years, one-quarter (38 of 149) had severe
obesity (Table 1). Among participants aged 6 to 8 years (69 of
173) and 9 to 12 years (77 of 195), about 40% had severe obesity.
Overall, about half (263 of 517) of the participants were girls,
most (449 of 517) were Hispanic/Latino, and most (434 of 517)
had a PIR of less than 125%. Participants who did not complete
questionnaires were more likely to be boys and have a PIR of
125% or more.

Large-for-gestational-age children were more likely to have severe
obesity, but the relationship was significant only for children aged
9 to 12 years (OR = 2.31; 95% CI, 1.13-4.73) (Table 2). Maternal
severe obesity was associated with severe obesity among children
aged 2 to 5 years (OR = 2.67; 95% CI, 1.10-6.47) and 9 to 12
years (OR = 4.12; 95% CI, 1.84-9.23). Children aged 6 to 8 years
whose mothers had severe obesity had 1.58 higher odds of having
severe obesity, but this association was not significant (OR = 1.58;
95% CI, 0.74-3.35). Being breastfed exclusively for the first 4
months of life or more was not significantly associated with severe
obesity in any of the age groups.

None of the behavioral factors (children’s fruit and vegetable con-
sumption, physical activity, or screen time) was significantly asso-
ciated with severe obesity in our sample (Table 2), although the
associations were in the expected direction for these factors. With
every unit increase in fruit and vegetable consumption, children
aged 2 to 5 years and 9 to 12 years had lower odds of severe
obesity, but not significantly lower. Children aged 2 to 5 years and
9 to 12 years who met physical activity recommendations were at
lower risk of severe obesity, but, again, not significantly. Simil-
arly, having a television in the room where the child sleeps was
more common among children with severe obesity in all age
groups, but the relationship was not significant. The sensitivity
analysis that used multiple imputation methods confirmed our
findings (Table 3).

Discussion

Our findings indicated that large-for-gestational-age and maternal
severe obesity were significantly associated with severe obesity
after adjusting for child’s sex, child’s race/ethnicity, PIR, parental
marital status, and parent’s physical activity level among low-in-
come, predominantly Hispanic/Latino children with overweight
and obesity. However, in the same cohort, neither being breastfed

exclusively for the first 4 months of life or more nor behavioral
factors (children’s fruit and vegetable consumption, physical activ-
ity, and screen time) were significantly associated with severe
obesity.

Studies have reported an association between large-for-gestation-
al-age and childhood overweight/obesity (19,20), but none has ex-
amined severe obesity. A meta-analysis of 66 prospective studies
worldwide reported that infants with high birth weight (>4,000 g)
had 1.6 times greater odds of childhood overweight/obesity than
infants with normal birth weight (2,500—4,000 g) (21). In line with
our findings, one large prospective study conducted in The Neth-
erlands (2001-2005) reported that maternal obesity was more
likely to be associated with childhood obesity (OR = 5.02, 95%
Cl, 2.97-8.45) when compared to maternal normal weight (22). In
our study, being breastfed exclusively for at least 4 months was a
potentially (but not significantly) protective factor for severe
obesity among children aged 6 to 8 years and 9 to 12 years. Evid-
ence for the link between breastfeeding and childhood overweight
and obesity is inconsistent, but one meta-analysis of 10 prospect-
ive studies reported that any breastfeeding, compared with for-
mula feeding, reduced the risk of childhood overweight by 15%
(6). Overall, our study adds to evidence that the prenatal environ-
ment influences the development of severe obesity and should be a
target of intervention.

We observed no relationships between behavioral factors and
severe obesity when we compared children with overweight and
obesity to children with severe obesity. This finding may have
been due to several reasons, including a similarity in lifestyle
factors between children with overweight or obesity and children
with severe obesity (4) or a similar reporting bias in the 2 groups
in our study. Or, perhaps behavioral factors have little influence
on the severity of weight gain when comparing children with over-
weight and obesity to those with severe obesity.

Our study has limitations, many of which are common to second-
ary analyses of cross-sectional data. The nonresponse rates in the
exposures and covariates were around 10%, resulting in a reduced
sample size in the complete case analysis. Our outcome measure
was binary, which further limited the power of the study. We can-
not make temporal inferences because the study was cross-section-
al. Some degree of confounding bias, selection bias, reporting bi-
as (including selective reporting of behavioral factors), or meas-
urement error was likely. We could not control for important vari-
ables such as maternal cigarette smoking during pregnancy, gesta-
tional weight gain, gestational diabetes, adiposity rebound, and
early-life dietary practices associated with childhood overweight/
obesity (6,23,24). Research participants were children with over-
weight and obesity; thus, we cannot extrapolate our findings to
normal-weight children. Furthermore, all participants consented to
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be part of the study, and their characteristics might differ from
those of nonparticipants, thus subjecting the study to further selec-
tion bias. The outcome measure, severe obesity, measured as the
percentage of sex-specific and age-specific BMI above the 95th
percentile, does not reflect true body fat mass. Being breastfed ex-
clusively was measured as being breastfed exclusively for 4
months or more, not for 6 months or more, which is recommen-
ded by the American Academy of Pediatrics (25); the response op-
tion in the TX CORD study indicated 4 months or more. Finally,
the self-reported and retrospectively collected data were subject to
measurement and recall bias; however, we would expect this bias
to affect responses similarly in all categories.

Despite the limitations, our study has several strengths. Our study
sample comprised predominantly Hispanic/Latino children from
low-income families in Texas, and we used reliable and validated
measures (12,26,27). Although a few studies have examined the
determinants of severe obesity among children (7,28), none, to the
best of our knowledge, has investigated the risk factors of severe
obesity in an underrepresented and at-risk population. A recent re-
view reported that the lifestyle, environmental, familial, and soci-
etal risk factors were similar for severe obesity and overweight/
obesity among children (4). Our findings indicate that severe
obesity has some of the same risk factors as obesity in Hispanic/
Latino children.

More than one-third of the children in our study had severe
obesity, a finding that is consistent with previous findings (29).
Policy makers, health practitioners, researchers, and community
health workers should work together to design culturally appropri-
ate interventions and obesity-prevention strategies to stem the
rising rate of severe obesity in low-income Hispanic/Latino popu-
lations, beginning as early as the preconception period. These
strategies should target multiple modifiable factors, incorporate
family-based lifestyle modifications (30), and be tailored toward
population needs. Future studies should explore the associations of
multiple early-life risk factors (maternal cigarette smoking during
pregnancy, gestational weight gain, gestational diabetes, adiposity
rebound, and early-life dietary practices) with childhood severe
obesity and the mechanisms linking them.

Our study suggests that large-for-gestational-age and maternal
severe obesity contribute to severe obesity in a low-income, pre-
dominantly Hispanic/Latino sample of children. Furthermore, our
study indicates that several determinants of severe obesity, such as
dietary behaviors, physical activity, and screen time are not differ-
ent from the determinants of overweight and obesity in this popu-
lation.
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Tables

Table 1. Baseline Characteristics of Participants, by Age Group, in the Secondary Prevention Randomized Controlled Trial of the Texas Childhood Obesity Research

Demonstration Study, 2012-20142

. Overwelgh;g or s
Characteristic All Obesity Severe Obesity
Age group 2-5y
No. 149 111 38
Female, n (%) 3(49.0) 53 (47.8) 20 (52.6)
Hispanic/Latino, n (%) 133 (89.3) 99 (89.2) 34 (89.5)
Poverty-income ratio® <125%, n (%) 128 (85.9) 98 (88.3) 30 (79.0)
Parent married, n (%) 112 (75.2) 82 (73.9) 30(79.0)
Parent physically active 230 minutes for >5days/week, n (%) 5(16.8) 14 (12.6) 11 (29.0)
Large for gestational age, n (%) 5(16.8) 15 (13.5) 10 (26.3)
Exclusively breastfed for >4 months, n (%) 3(28.9) 32(28.8) 11 (29.0)
Maternal severe obesity (BMI 235 kg/m2), n (%) 49 (32.9) 31(27.9) 18 (47.4)
Child’s fruit and vegetable consumption®, median (IQR) 3.0(2.0-4.0) 3.0 (2.0-4.0) 2.5 (1.0-4.0)
Child physically active 260 minutes per day for 7 days/week, n (%) 37 (24.8) 28 (25.2) 9 (23.7)
Presence of television in the room where the child sleeps, n (%) 105 (70.5) 76 (68.5) 29 (76.3)
Age group 6-8y
No. 173 104 69
Female, n (%) 3(53.8) 58 (55.8) 35 (50.7)
Hispanic/Latino, n (%) 145 (83.8) 93 (89.4) 52 (75.4)
Poverty-income ratio® <125%, n (%) 142 (82.1) 86 (82.7) 56 (81.2)
Parent married, n (%) 127 (73.4) 80 (76.9) 47 (68.1)
Parent physically active 230 minutes for >5days/week, n (%) 3(13.3) 16 (15.4) 7 (10.1)
Large for gestational age, n (%) 36 (20.8) 18 (17.3) 18 (26.1)
Exclusively breastfed for 24 months, n (%) 54 (31.2) 39 (37.5) 15 (21.7)
Maternal severe obesity (BMI >35 kg/mZ), n (%) 50 (28.9) 24 (23.1) 26 (37.7)
Child’s fruit and vegetable consumption®, median (IQR) 2.0 (1.0-4.0) 2.0 (1.0-4.0) 3.0 (2.0-4.0)
Child physically active 260 minutes per day for 7 days/week, n (%) 27 (15.6) 15 (14.4) 12 (17.4)
Presence of television in the room where the child sleeps, n (%) 130 (75.1) 74 (71.2) 56 (81.2)
Age group 9-12y
No. 195 118 77
Female, n (%) 97 (49.7) 66 (55.9) 31 (40.3)
Hispanic/Latino, n (%) 171 (87.7) 106 (89.8) 65 (84.4)

Abbreviations: BMI, body mass index; IQR, interquartile range.

a Missing data for all variables of interest was approximately 10%; thus, these data were not included in the table.
b Overweight or obesity defined as BMI >285th percentile to <120% above the 95th percentile of the sex-specific and age-specific BMI.
¢ Severe obesity defined as BMI that was >120% above the 95th percentile of sex-specific and age-specific BMI.
d Poverty-income ratio was based on household size and income and was calculated by using poverty guidelines of the US Department of Health and Human Ser-

vices poverty guidelines (17).
¢ Number of times child ate fruits and vegetables “yesterday.”

(continued on next page)
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(continued)

Table 1. Baseline Characteristics of Participants, by Age Group, in the Secondary Prevention Randomized Controlled Trial of the Texas Childhood Obesity Research

Demonstration Study, 2012-2014%

Overweight or

Characteristic All Obesity Severe Obesity®

Poverty-income ratio® <125%, n (%) 164 (84.1) 97 (82.2) 67 (87.0)
Parent married, n (%) 147 (75.4) 88 (74.6) 59 (76.6)
Parent physically active 230 minutes for >5days/week, n (%) 27 (13.9) 18 (15.3) 9 (11.7)
Large for gestational age, n (%) 58 (29.7) 28 (23.7) 30 (39.0)
Exclusively breastfed for 24 months, n (%) 55 (28.2) 34 (28.8) 21(27.3)
Maternal severe obesity (BMI >35 kg/mz), n (%) 55(28.2) 24 (20.3) 31 (40.3)
Child’s fruit and vegetable consumption®, median (IQR) 3.0(1.0-4.0) 3.0 (1.0-4.0) 2.0 (2.0-4.0)
Child physically active 260 minutes per day for 7 days/week, n (%) 25 (12.8) 19 (16.1) 6 (7.8)
Presence of television in the room where the child sleeps, n (%) 130 (66.7) 78 (66.1) 52 (67.5)

Abbreviations: BMI, body mass index; IQR, interquartile range.

@ Missing data for all variables of interest was approximately 10%; thus, these data were not included in the table.
b Overweight or obesity defined as BMI >85th percentile to <120% above the 95th percentile of the sex-specific and age-specific BMI.
¢ Severe obesity defined as BMI that was >120% above the 95th percentile of sex-specific and age-specific BMI.
d Poverty-income ratio was based on household size and income and was calculated by using poverty guidelines of the US Department of Health and Human Ser-

vices poverty guidelines (17).
€ Number of times child ate fruits and vegetables “yesterday.”
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Table 2. Complete Case Analysis: Associations of Early-Life, Maternal, and Behavioral Factors With Severe Obesity, by Age Group, at Baseline, in Sample of Chil-

dren in the Secondary Prevention Randomized Controlled Trial of the Texas Childhood Obesity Research Demonstration Study, 2012-2014

Factor

Adjusted Odds Ratio®
(95% Confidence Interval)

PValue

Age Group 2-5y

Early-life and maternal factors (n = 137)b

Large for gestational age (birth weight >90th percentile) 2.36 (0.85-6.53) .10
Exclusively breastfed for >4 months 1.69 (0.63-4.51) .30
Maternal severe obesity (BMI 235 kg/m2) 2.67 (1.10-6.47) .03
Child’s behavioral factors (n = 147)°

Fruit and vegetable consumption (no. of times “yesterday”) 0.89 (0.70-1.13) .33
Physically active 260 minutes per day for 7 days/week 0.76 (0.29-2.02) .59
Presence of television in the room where the child sleeps 1.91 (0.72-5.05) .19

Age Group 6-8y

Early-life and maternal factors (n = 152)b

Large for gestational age (birth weight >90th percentile) 1.48 (0.62-3.53) .38
Exclusively breastfed for >4 months 0.55 (0.26-1.20) .13
Maternal severe obesity (BMI 235 kg/m2) 1.58 (0.74-3.35) 24
Child’s behavioral factors (n = 172)°

Fruit and vegetable consumption (no. of times “yesterday”) 1.11 (0.91-1.35) .29
Physically active 260 minutes per day for 7 days/week 1.29 (0.53-3.14) 57
Presence of television in the room where the child sleeps 1.76 (0.80-3.87) .16

Age Group 9-12y

Early-life and maternal factors (n = 172)b

Large for gestational age (birth weight >90th percentile) 2.31(1.13-4.73) .02
Exclusively breastfed for >4 months 0.94 (0.43-2.03) .87
Maternal severe obesity (BMI 235 kg/m2) 4,12 (1.84-9.23) .001
Child’s behavioral factors (n = 186)°

Fruit and vegetable consumption (no. of times “yesterday”) 0.98 (0.81-1.19) .85
Physically active 260 minutes per day for 7 days/week 0.38 (0.13-1.10) .08
Presence of television in the room where the child sleeps 1.09 (0.57-2.07) .80

Abbreviation: BMI, body mass index.

@ Adjusted for child’s sex, child’s race/ethnicity, poverty income ratio <125% or not, parental marital status, and parent’s physical activity (=30 minutes per day of

physical activity for >5 days/week).

b Sample sizes in categories differ from the sample sizes in Table 1 because of missing data.
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Table 3. Sensitivity Analysis Using Multiple Imputation: Associations of Early-Life, Maternal, and Behavioral Factors With Severe Obesity, by Age Group, at Baseline,
in Sample of Children in the Secondary Prevention Randomized Controlled Trial of the Texas Childhood Obesity Research Demonstration Study, 2012-2014

Adjusted Odds Ratio®

Factor (95% Confidence Interval) PValue
Age Group 2-5y (n = 149)
Early-life and maternal factors
Large for gestational age (birth weight >90th percentile) 1.95 (0.72-5.28) .19
Exclusively breastfed for >4 months 1.35(0.53-3.45) .53
Maternal severe obesity (BMI >35 kg/m2) 2.90 (1.24-6.83) .02
Child’s behavioral factors
Fruit and vegetable consumption (no. of times “yesterday”) 0.87 (0.69-1.11) 27
Physically active 260 minutes per day for 7 days/week 0.78 (0.30-2.03) .60
Presence of television in the room where the child sleeps 1.92 (0.72-5.12) .19
Age Group 6-8y (n=173)
Early-life and maternal factors
Large for gestational age (birth weight >90th percentile) 1.66 (0.74-3.70) 22
Exclusively breastfed for >4 months 0.50 (0.24-1.04) .06
Maternal severe obesity (BMI 235 kg/m2) 1.65 (0.72-3.78) .24
Child’s behavioral factors
Fruit and vegetable consumption (no. of times “yesterday”) 1.11 (0.92-1.35) .28
Physically active 260 minutes per day for 7 days/week 1.29 (0.53-3.13) .57
Presence of television in the room where the child sleeps 1.79 (0.82-3.93) .15
Age Group 9-12 y (n = 195)
Early-life and maternal factors
Large for gestational age (birth weight >90th percentile) 2.13 (1.07-4.24) .03
Exclusively breastfed for >4 months 1.06 (0.52-2.17) .88
Maternal severe obesity (BMI >35 kg/m2) 4.58 (2.08-10.11) <.001
Child’s behavioral factors
Fruit and vegetable consumption (no. of times “yesterday”) 0.97 (0.80-1.17) 77
Physically active 260 minutes per day for 7 days/week 0.39 (0.14-1.15) .09
Presence of television in the room where the child sleeps 1.03 (0.55-1.94) .93

Abbreviation: BMI, body mass index.

@ Adjusted for child’s sex, child’s race/ethnicity, poverty income ratio <125% or not, parental marital status, and parent’s physical activity (=30 minutes per day of

physical activity for >5 days/week).
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Abstract

Introduction

African American women have higher rates of obesity and related
chronic disease than other demographic groups. The poorer health
of African American women compared with other groups may be
explained by allostatic load, or cumulative physiologic stress, due
to chronic socioeconomic disadvantage. The objective of this
study was to evaluate neighborhood and individual factors contrib-
uting to allostatic load in African American women at risk for
obesity-related diseases.

Methods

This study evaluated the relationship of allostatic load with neigh-
borhood disadvantage, individual socioeconomic determinants,
and synergism between neighborhood and socioeconomic disad-
vantage, along with health behaviors and other factors as mediat-
ors in African American women. Our sample consisted of 220
African American women at risk of obesity-related diseases en-
rolled in the Better Me Within program (mean [standard deviation]
age, 50.1 [11.2] y; mean [standard deviation] body mass index,
36.7 [8.4] kg/m?). Allostatic load score for each participant was
calculated by summing the number of biomarkers (of 9 biomark-
ers) that were determined to be in the high-risk quartile.

Results

Poisson regression of neighborhood disadvantage and individual
socioeconomic determinants found that neighborhood disadvant-
age, but not education level or household income, was signific-
antly associated with allostatic load (p = 0.22, SE, 0.10, P =.04).
Tests for mediators showed that household income and alcohol
consumption partially mediated the relationship between allostatic
load score and neighborhood disadvantage but were not signific-
ant.

Conclusion

More research is necessary to determine the mechanisms by which
neighborhoods can exacerbate and attenuate cumulative disadvant-
age among African American women. Policies and interventions
that focus on neighborhood health may improve the outcomes of
individual-level health interventions among women who reside in
disadvantaged communities.

Introduction

African American women have a higher prevalence of obesity
(>50%) and associated chronic conditions than black men and
non-Hispanic white men and women (1). The high prevalence of
obesity may be associated with harmful coping behaviors used to
manage the many roles that African American women are expec-
ted to fulfill in their daily lives (2). One clinical model that may
explain these persistent health disparities is allostatic load, that is,
the physiologic cost of cumulative stress (3). The concept of allo-
static load is based in part on the weathering hypothesis, which at-
tributes the poor health of African American women to chronic so-
cioeconomic disadvantage (4). The inverse relationship between
socioeconomic status (SES) and allostatic load in African Ameri-
can women may be due to poverty-related adversity and psycholo-
gical responses to chronic stressors and disadvantage (5,6).
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Although recent studies demonstrated the independent effect of
neighborhood poverty on the relationship between low SES and
the biomarkers of allostatic load in African Americans, limited re-
search has focused exclusively on African American women (7,8).
Neighborhood disadvantage in the context of allostatic load may
be a proxy for exposure to multiple, chronic, stressful events; per-
ceived safety; and access to health resources (9—11). One study of
African American men and women found that health behaviors
(diet, exercise, and smoking) partially mediated the relationship
between neighborhood poverty and allostatic load (12). Another
study of African Americans suggested that educational attainment,
a component of individual SES, differentially affects the relation-
ship between allostatic load and neighborhood disadvantage (13).

This study aimed to 1) expand the limited research on neighbor-
hood disadvantage and low-income status, including possible syn-
ergism, on allostatic load and 2) investigate how education, in-
come, health behaviors, and perceived stress influence allostatic
load. We hypothesized that low-income status and neighborhood
disadvantage independently and synergistically influence allostat-
ic load and that education and health behaviors mediate the rela-
tionship.

Methods

Trained staff members collected baseline data on 220 participants
(from among 333 women who were screened for eligibility) be-
fore implementation of the Better Me Within cluster randomized
controlled trial. The trial was conducted in 11 churches from Feb-
ruary 2014 to May 2016 in Dallas, Texas, to test the efficacy of a
church-based diabetes prevention program on weight reduction
among overweight African American women. Participants resided
in 148 census tracts in greater Dallas; most resided in Dallas
County. Eligible participants self-identified as African American,
were aged 18 years or older, had a body mass index (BMI, meas-
ured as weight in kilograms divided by height in meters squared
[kg/m?]) of 25.0 or more, were not currently enrolled in another
weight-loss program, attended an enrolled church, and did not
have a health condition that restricted physical activity or altered
their diet. Women with self-reported diabetes, a medical diagnosis
of diabetes, or who had elevated fasting glucose (>126 mg/dL) and
elevated hemoglobin Alc (>6.4%) were excluded.

The institutional review board at The University of North Texas
Health Science Center approved this study. All participants
provided informed consent.

Measures

Neighborhood disadvantage. Census tracts are small geographic
areas that are used to predict small-area estimations of neighbor-

hood deprivation (14). We examined 10 previously developed
measures of neighborhood disadvantage: percentage of house-
holds living in poverty, percentage of households receiving public
assistance, percentage of unoccupied housing units, percentage of
renter-occupied housing, percentage of households living in the
same house 5 years ago, percentage of occupied housing units
with no vehicle, percentage of occupied housing units with more
than 1 person per room (crowding), percentage of adults aged 25
or older without a high school diploma or equivalent, percentage
of unemployed individuals 16 years or older in the civilian work
force, and percentage of female-headed households (13). These
data were collected from the 2015 American Community Survey,
which determines poverty status by income, household size, and
household members’ ages (15,16). For example, a 3-person house-
hold in 2015 with 1 member under age 18 and an annual house-
hold income below $19,043 is considered to be living in poverty
(16). We used exploratory principal component analysis, a dimen-
sion-reduction technique, to create a composite socioeconomic
score (13,17,18). The first principal component served as a com-
posite score of neighborhood disadvantage that explained 49.9%
of the variation. The median value of the first principal compon-
ent was used to dichotomize the neighborhood of each participant
as most disadvantaged or least disadvantaged (13). We used var-
imax orthogonal rotation to estimate the weights of the 10 neigh-
borhood indicators used in the principal component analysis (Ap-
pendix A).

Allostatic load score. Of the various methods for measuring allo-
static load, we selected the quartile method and 9 biomarkers:
BMI, waist circumference, high-density lipoprotein (HDL) choles-
terol, total cholesterol/HDL cholesterol ratio, triglycerides, glyc-
osylated hemoglobin Alc (HbAlc), systolic blood pressure, dia-
stolic blood pressure, and salivary cortisol (19). Height, measured
with a stadiometer, and weight, measured with a medical-grade di-
gital scale, were collected twice and averaged to calculate BMI.
Waist circumference was measured (in duplicate and averaged)
directly above the iliac crests with a tape measure by trained re-
searchers. Data on HDL cholesterol, total cholesterol/HDL choles-
terol ratio, triglycerides, and HbAlc were collected by using 2
fasting finger-stick samples and analyzed by using point-of-care
tests on-site. Systolic and diastolic blood pressure was measured
by using a standard automatic blood pressure cuff after the parti-
cipant sat for 5 minutes; measurement was repeated after 3
minutes. Cortisol was measured by collecting a morning, fasting
saliva sample and analyzed in a laboratory; cortisol measurement
is a noninvasive way to measure physiologic stress (20). For each
participant, we calculated an allostatic load score by summing the
number of biomarkers for which the participant was categorized as
high risk (19). A participant was categorized as high risk for a giv-
en biomarker if the biomarker value was in the highest quartile of
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our sample, except for HDL, for which the lowest quartile was
considered high risk (Table 1). A participant’s biomarker was con-
sidered lower risk if the value was below the threshold of the
highest quartile of the sample. Participants who reported current
use of medications for hypertension, hypercholesterolemia, or pre-
diabetes were categorized as high-risk for the corresponding bio-
markers, regardless of their measurements (21).

Individual socioeconomic variables. Data on participants’ annual
household income (categorized as <$25,000, $25,000-$49,999,
$50,000-$74,999, and >$75,000) and highest level of educational
attainment (categorized as <high school diploma or equivalent,
some college or a technical degree, and college degree) were col-
lected through self-reported surveys that used questions adapted
from the Behavioral Risk Factor Surveillance System (BRFSS).

Health behaviors. Alcohol and tobacco use were measured through
self-reported surveys by using questions adapted from the BRFSS
and the National Institute on Alcohol Abuse and Alcoholism. Data
on alcohol consumption was dichotomized as yes for participants
who had at least 1 drink in the past 30 days and no for those who
did not. Tobacco use was dichotomized as never for those who
smoked fewer than 100 cigarettes in their lifetime and former or
current for others. Physical activity data were collected from the
Past Week Modifiable Physical Activity Questionnaire (22). Num-
ber of minutes of leisure-time physical activity was dichotomized
according to meeting, or not meeting, guidelines of at least 150
minutes of weekly physical activity (23).

Perceived stress. Perceived stress was measured by using the 10-
item Perceived Stress Scale in a self-report survey in which re-
spondents reported feelings of stress and coping in the past month
on a 5-point Likert scale from 0 (lowest) to 4 (highest) (24). The
10 items were summed to create a composite score for stress
(score range, 0—40) in which greater values indicate greater levels
of perceived stress.

Statistical analysis

The distributions of education and income among individuals were
assessed in the most disadvantaged neighborhoods and the least
disadvantaged neighborhoods to examine mediating effects (Path
B, Figure). We also assessed the distributions of health behaviors
(alcohol consumption, smoking, and physical activity) and per-
ceived stress between neighborhood types to examine mediating
effects (Path B’, Figure). To test whether the relationship between
neighborhood disadvantage and allostatic load was mediated by
individual SES (education and income, Path C, Figure) and health
behaviors (Path C’°, Figure), we regressed allostatic load score on

each factor separately. To determine the mediating effect of in-
come on the relationship between allostatic load and neighbor-
hood disadvantage, we regressed with an interaction term for syn-
ergistic effects.

Socioeconomic
Path B mediators: education and PathC
household income

Path A

Neighborhood disadvantage > Allostatic load score

Perceived stress and health
behavior (physical activity,
smoking, alcohal
consumption) mediators

Path B" Path C’

Figure. Hypothesized pathways mediating relationships between
neighborhood disadvantage and allostatic load.

Approximately 12% (n = 26) of participants had missing values
for some variables. Because a sensitivity analysis confirmed that
data were missing at random, we used the Markov chain Monte
Carlo method (25) to estimate a set of 20 imputed data for further
analysis. We used SAS version 9.3 to analyze the data (SAS Insti-
tute Inc) with a 5% level of significance. We used PROC MI to es-
timate missing data and PROC GLIMMIX to create a 2-level
mixed-effect model with a random intercept for each imputed data
set. We used PROC MIANALYZE to estimate the effect of each
variable on allostatic load score with a valid estimate of standard
error (SE). Repeating the analysis with original data validated that
imputation did not change the direction of results.

To assess the cluster effects of our data, we estimated the intra-
class correlation coefficient as 0.12. The mean and variance of the
outcome variable, allostatic load score, were close (2.34 and 2.87
respectively), satisfying the main assumption for Poisson regres-
sion for count data, which was confirmed by a goodness-of-fit test.
A 2-level (hierarchical) Poisson regression model with a random
intercept was used to estimate the effect of neighborhood disad-
vantage on allostatic load score after adjusting for demographic
and health behavior variables. A 2-level negative binomial model
to accommodate the model’s dispersion parameter did not alter the
direction of results and showed similar effect sizes to the Poisson
model and Akaike Information Criterion and Bayesian Informa-
tion Criterion values. Ultimately, the Poisson model was per-
formed for analyses (Appendix B).

The opinions expressed by authors contributing to this journal do not necessarily reflect the opinions of the U.S. Department of Health and Human Services,

the Public Health Service, the Centers for Disease Control and Prevention, or the authors’ affiliated institutions.

www.cdc.gov/pcd/issues/2017/17_0143.htm « Centers for Disease Control and Prevention 3


www.cdc.gov/pcd/issues/2017/17_0143.htm

PREVENTING CHRONIC DISEASE

PUBLIC HEALTH RESEARCH, PRACTICE, AND POLICY

VOLUME 14, E119
NOVEMBER 2017

Results

The mean (standard deviation [SD]) age of participants was 50.1
(11.2) years, mean (SD) BMI was 36.7 (8.4), and mean (SD) waist
circumference was 41.4 (6.1) inches (Table 2). The average age of
participants living in each neighborhood type was similar.

About one-fifth (22.1%) of participants had no high-risk biomark-
ers, and about half (47.5%) had a college degree. Because educa-
tion was not significantly different between neighborhood types,
we could not establish the mediating effects of individual SES
(Path B, Figure). However, participants with higher income were
clustered in the least disadvantaged neighborhoods (Fl’ 1oa = 564,
P =.02), which partially established a mediating effect (Path B,
Figure).

About one-third (33.8%) of participants reported 150 minutes or
more of physical activity per week, which did not differ by neigh-
borhood type (Table 2). Similar proportions in each neighborhood
type consumed alcohol in the last 30 days and were current or
former smokers. Perceived stress was approximately equal
between neighborhood types. Therefore, health behavior and per-
ceived stress variables did not establish a mediating effect (Path
B’, Figure).

The most disadvantaged neighborhoods had significantly higher
percentages of households living in poverty, households receiving
public assistance, unoccupied housing units, renter-occupied hous-
ing, households without a vehicle, crowding, adults aged 25 or
older without a high school diploma or equivalent, and unem-
ployed individuals age 16 or older, compared with the least disad-
vantaged neighborhoods (P < .001 for each) (Table 3). The per-
centage of households who lived in their homes for 5 or more
years and the percentage of female-headed households were simil-
ar between the most and least disadvantaged neighborhoods.

After we adjusted for participant age, we found a significant posit-
ive association between the most disadvantaged neighborhood and
allostatic load score (Model 1: B = 0.24; SE, 0.10; P = .02, Table
4), which established the effect hypothesized as Path A (Figure).
In this model, women living in the most disadvantaged neighbor-
hoods had a 1.3-unit higher allostatic load score on average than
women living in the least disadvantaged neighborhoods. In Model
2, after adjustment for age, individual socioeconomic factors, and
a synergistic effect of neighborhood disadvantage and income, the
association between neighborhood disadvantage and allostatic
load score was no longer significant (Table 4, Model 2). This res-
ult may have occurred because of the multicollinearity introduced
by the interaction term. However, income showed a trend for
lower allostatic load score with higher levels of income. After ad-
justment for health behaviors and perceived stress in Model 3,

neighborhood disadvantage (B = 0.25; SE, 0.10; P=.02) and alco-
hol consumption (B = —0.23; SE, 0.10; P = .02) were significant.
In the full model (Model 4), which adjusted for socioeconomic
characteristics and health behaviors, alcohol consumption (f =
—0.20; SE, 0.10; P =.07) was no longer significant, and neighbor-
hood disadvantage remained significant, although slightly
weakened (f = 0.22; SE, 0.10; P=.04).

Discussion

In this sample of African American women at risk for obesity-re-
lated diseases, after adjustment for socioeconomic and health be-
havior variables, our results partially support one of our hypo-
theses: that living in a disadvantaged neighborhood is associated
with higher allostatic load. This finding is consistent with previ-
ous research showing that neighborhood disadvantage is associ-
ated with higher allostatic load in African Americans (13,17). Pre-
vious studies of African American women also showed that wo-
men residing in areas of greater neighborhood poverty had higher
cumulative biological risk than women living in less impover-
ished neighborhoods (8). Conversely, individuals living in high-in-
come neighborhoods had lower cumulative biological risk than
those who live in low-income neighborhoods (12). Our study adds
to this research by evaluating health behaviors and individual so-
cioeconomic factors as mediators in the relationship between
neighborhood disadvantage and allostatic load exclusively in
African American women who are at risk for obesity-related dis-
eases.

Although neither a significant mediator nor synergism between
low-income status and neighborhood disadvantage was dis-
covered in the final model, we found nonsignificant trends of
lower allostatic load for both alcohol consumption in the past 30
days and higher household income. These trends may indicate that
household income and alcohol consumption partially mediate the
relationship between neighborhood disadvantage and allostatic
load. Harmful health behaviors that are used for coping with high
levels of stress (eg, low levels of physical activity, smoking) were
not significantly associated with allostatic load in our study.

That household income did not significantly predict allostatic load
is consistent with the findings of Barber et al (13). Our findings
contrast with those of several studies of neighborhood poverty and
cumulative biological risk; these studies found household income
to be an independent and significant predictor among women
(7,8,12). However, the association of higher household income
with lower allostatic load in our study, although not significant,
suggests that women may weather both individual and neighbor-
hood socioeconomic disadvantage.
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The lack of a significant relationship between educational attain-
ment and allostatic load reflects a complex relationship. Some
studies found that low educational attainment and low income
were associated with high allostatic load (5,17). In contrast, anoth-
er study found that the relationship of neighborhood disadvantage
and cumulative biological risk had a weaker association among
African Americans who did not finish high school than among
those who had (13). Other studies found differences in allostatic
factor loading (eg, metabolic vs inflammatory) by level of educa-
tional attainment (26). Contextual factors, like segregation, may
also influence the relationship between education and health; this
idea is supported by our finding that neighborhood disadvantage is
associated with higher allostatic load (27).

Our study found an inverse relationship between alcohol con-
sumption in the past 30 days and allostatic load. This finding is
consistent with research showing that light and moderate levels of
drinking are associated with lower levels of heart disease and dia-
betes (28). Another study found that alcohol consumption was in-
versely related to allostatic load (7). Future research should invest-
igate how levels of alcohol consumption influence allostatic load,
our study provides only general information on alcohol consump-
tion.

Our study has several strengths. To our knowledge, ours is the first
study to focus on the neighborhood and individual determinants of
allostatic load in a sample of African American women at risk for
obesity-related diseases. Our sample population was relatively ho-
mogenous demographically, and it excluded the effect of diabetic
disease processes on allostatic load biomarkers. Our allostatic load
score comprised 9 biomarkers, which reflect anthropomorphic,
neuroendocrine, cardiovascular, and metabolic domains of allo-
static load. By testing mediators through stepwise models, we
minimized the potential for artificial correlations.

Our study has several limitations. We could not establish a causal
relationship between neighborhood disadvantage and allostatic
load because of the study’s cross-sectional design. We did not col-
lect data on the length of participants’ residence at their current
address or previous residence in a disadvantaged neighborhood;
previous residence in a disadvantaged neighborhood is associated
with higher rates of cardiometabolic disease than never having left
a neighborhood or never having lived in a poor neighborhood (29).
The study had a relatively small sample size (N = 220), compared
with the sample sizes other studies, which may have limited the
power to identify mediating variables such as education. Our
measure of physical activity was self-reported and did not distin-
guish between levels of intensity (30). We were also unable to
compare our data with data on other races and ethnicities because
we focused exclusively on African American women. However,
research focusing on overweight African American women, who

are at higher risk for obesity-related chronic diseases compared
with other groups, is sparse. Lastly, our measure of alcohol con-
sumption did not evaluate dose, but rather any alcohol intake in
the past 30 days, limiting our ability to draw conclusions on this
variable.

Despite these limitations, our study has implications for future re-
search on neighborhood disadvantage among African American
women. The consistent relationship of neighborhood disadvant-
age with allostatic load warrants investigation of the social and
physical environment of disadvantaged neighborhoods to elucid-
ate the mechanisms by which women accumulate physiologic
stress. Several important components of the physical environment
for obesity-related health disparities have been identified and may
influence allostatic load: accessibility of food stores, exercise fa-
cilities, and hospitals; sidewalks; and safety (11,14,). One study in
Dallas showed that a change in the previous year’s crime rate was
associated with higher levels of C-reactive protein, an inflammat-
ory marker, in women (10).

Our cross-sectional findings provide evidence to inform future
longitudinal studies on the effects of community-based interven-
tions on allostatic load in African American women. By evaluat-
ing these interventions in the context of neighborhood disadvant-
age, we can determine the individual and neighborhood variables
that can mitigate the effects of chronic disadvantage on the health
of African American women. Overall, our study adds to the body
of knowledge on neighborhood effects on allostatic load in Afric-
an American women and demonstrates the crucial need for health
equity policies that prevent and reduce the health risks associated
with living in disadvantaged neighborhoods.
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Tables

Table 1. Mean, Median, Range, and Threshold of High-Risk Quartile for 9 Biomarkers of Allostatic Load at Baseline, Study of African American Women Participating
in a Church-Based Diabetes Prevention Program on Weight Reduction (N = 220), Dallas, Texas, 2014-2016°

Variable Mean (SD) Median (Range) High-Risk Quartileb

Systolic blood pressure, mm Hg 128.4 (19.3) 125.5 (97-216) >138.5
Diastolic blood pressure, mm Hg 82.3(10.8) 81.4 (56.6-120) >88.5
HDL cholesterol, mg/dL 55.6 (13.9) 54 (27-100) <46
Total cholesterol/HDL cholesterol ratio 3.3(0.9) 3.52(1.26-6.42) >3.77
Hemoglobin Alc, % 6.0 (0.7) 5.9 (1.0-9.4) >6.4
Body mass index, kg/m2 36.7 (8.4) 34.5 (25.0-84.6) >40.6
Cortisol, ng/mL 2.7(3.3) 2.1(0.1-38.7) >2.9
Waist circumference, in 41.3(6.1) 40.4 (29.0-60.0) >44.0
Triglycerides, mg/dL 113.4 (58.9) 95 (45-331) >140

Abbreviation: HDL, high-density lipoprotein; SD, standard deviation.

& Missing values varied from 1% to 12% for the 9 biomarkers.

A participant was categorized as high risk for a given biomarker if the biomarker value was in the highest quartile of our sample, except for HDL cholesterol, for
which the lowest quartile was considered high risk. Quartiles were determined on the basis of data for each biomarker in our sample of 220 African American wo-
men.
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Table 2. Descriptive Statistics for Individual and Neighborhood Variables® at Baseline, By Neighborhood Type, Study of African American Women Participating in a
Church-Based Diabetes Prevention Program on Weight Reduction (N = 220), Dallas, Texas, 2014-2016

Most Disadvantaged Least Disadvantaged
Variable All Neighborhoods (N = 220) Neighborhoods (n = 110) Neighborhoods (n = 110) PValue
Age, mean (SD), y 50.1(11.2) 50.1 (11.7) 50.1 (10.9) 99°
Body mass index, mean (SD), kg/m?> 36.7 (8.4) 37.6(9.7) 35.7 (7.0) 13°
Waist circumference, mean (SD), in 41.4 (6.1) 42.4 (6.2) 40.4 (5.9) .06°
Allostatic load score,® mean (SD) 2.3(1.7) 2.7 (1.7) 2.0 (1.6) 01¢
No. of high-risk biomarkers, no. (%) of participants
0 47 (22.1) 17 (16.0) 30 (28.0)
1-3 108 (50.7) 53 (50.0) 55 (51.4) .02°
>3 58 (27.2) 36 (34.0) 22 (20.6)
Composite neighborhood disadvantage score®, 0 (1.0) 0.8 (0.7) -0.8 (0.4) <.001°
mean (SD)
Education, no. (%) of participants
<High school diploma or equivalent 31(15.5) 19 (19.4) 12 (11.8)
Some college/technical degree 74 (37.0) 40 (40.8) 34 (33.3) 391
College degree 95 (47.5) 39 (39.8) 56 (54.9)
Annual household income, no. (%) of participants
<$25,000 40 (20.0) 27 (27.5) 13 (12.8)
$25,000-$49,999 64 (32.0) 34 (34.7) 30 (29.4) 0o
$50,000-$74,999 47 (23.5) 23 (23.5) 24 (23.5)
>$75,000 49 (24.5) 14 (14.3) 35 (34.3)
Physical activity, no. (%)
<150 min per week 141 (66.2) 70 (66.0) 71 (66.4) 968
2150 min per week 72(33.8) 36 (34.0) 36 (33.6)
Alcohol consumption in past 30 days, no. (%)
Yes 123 (57.7) 61 (57.6) 62 (58.0) 958
No 90 (42.3) 45 (42.4) 45 (42.0)

Smoking status, no. (%)

Abbreviation: SD, standard deviation.

@ All data were measured at the individual level, except for composite neighborhood disadvantage score.

b pvalue obtained from hierarchical mixed-effect model for normal model with a random intercept.

¢ Calculated by summing the number of biomarkers for which the participant was categorized as high risk; score ranged from O to 9. Data were collected on 9 bio-
markers: body mass index, waist circumference, high-density lipoprotein (HDL) cholesterol, total cholesterol/HDL cholesterol ratio, triglycerides, glycosylated hemo-
globin Alc, systolic blood pressure, diastolic blood pressure, and salivary cortisol.

9 pvalue obtained from hierarchical mixed-effect model for Poisson regression with a random intercept.

¢ Determined by examining 10 previously developed measures of disadvantage at the neighborhood level: percentage of households living in poverty, percentage
of households receiving public assistance, percentage of unoccupied housing units, percentage of renter-occupied housing, percentage of households living in the
same house 5 years ago, percentage of occupied housing units with no vehicle, percentage of occupied housing units with more than 1 person per room
(crowding), percentage of adults aged 25 or older without a high school diploma or equivalent, percentage of unemployed individuals 16 years or older in the civil-
ian work force, and percentage of female-headed households.

T pvalue obtained from hierarchical mixed effect model for multicategory logit model with a random intercept.

€ pvalue obtained from hierarchical mixed effect model for logistic regression with a random intercept.

" Measured by using the 10-item Perceived Stress Scale in which respondents reported feelings of stress and coping in the past month on a 5-point Likert scale
from O (lowest) to 4 (highest) (24). The 10 items were summed to create a composite score (score range, 0-40) for stress in which greater values indicate greater
levels of perceived stress.

(continued on next page)
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(continued)

Table 2. Descriptive Statistics for Individual and Neighborhood Variables® at Baseline, By Neighborhood Type, Study of African American Women Participating in a
Church-Based Diabetes Prevention Program on Weight Reduction (N = 220), Dallas, Texas, 2014-2016

Most Disadvantaged Least Disadvantaged
Variable All Neighborhoods (N = 220) Neighborhoods (n = 110) Neighborhoods (n = 110) PValue
Never 163 (81.5) 78 (79.6) 85 (83.3) 508
Former/current 37 (18.5) 20 (20.4) 17 (16.7)
Perceived stressh, mean (SD) 15.5 (6.8) 14.9 (6.7) 15.9 (7.2) 30°

Abbreviation: SD, standard deviation.

@ All data were measured at the individual level, except for composite neighborhood disadvantage score.

b pvalue obtained from hierarchical mixed-effect model for normal model with a random intercept.

¢ Calculated by summing the number of biomarkers for which the participant was categorized as high risk; score ranged from 0 to 9. Data were collected on 9 bio-
markers: body mass index, waist circumference, high-density lipoprotein (HDL) cholesterol, total cholesterol/HDL cholesterol ratio, triglycerides, glycosylated hemo-
globin Alc, systolic blood pressure, diastolic blood pressure, and salivary cortisol.

9 pvalue obtained from hierarchical mixed-effect model for Poisson regression with a random intercept.

¢ Determined by examining 10 previously developed measures of disadvantage at the neighborhood level: percentage of households living in poverty, percentage
of households receiving public assistance, percentage of unoccupied housing units, percentage of renter-occupied housing, percentage of households living in the
same house 5 years ago, percentage of occupied housing units with no vehicle, percentage of occupied housing units with more than 1 person per room
(crowding), percentage of adults aged 25 or older without a high school diploma or equivalent, percentage of unemployed individuals 16 years or older in the civil-
ian work force, and percentage of female-headed households.

f pvalue obtained from hierarchical mixed effect model for multicategory logit model with a random intercept.

€ Pvalue obtained from hierarchical mixed effect model for logistic regression with a random intercept.

" Measured by using the 10-item Perceived Stress Scale in which respondents reported feelings of stress and coping in the past month on a 5-point Likert scale
from O (lowest) to 4 (highest) (24). The 10 items were summed to create a composite score (score range, 0-40) for stress in which greater values indicate greater
levels of perceived stress.
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Table 3. Descriptive Statistics for Components of Neighborhood Disadvantage, by Neighborhood Type, at Baseline, Study of African American Women Participating
in a Church-Based Diabetes Prevention Program on Weight Reduction (N = 220), Dallas, Texas, 2014-2016

Total Sample Most Disadvantaged Least Disadvantaged a
Component Mean (SD) Neighborhoods Mean (SD) | Neighborhoods Mean (SD) PValue
Percentage of households living in poverty 19.7 (12.9) 28.5 (11.7) 10.9 (6.2) <.001
Percentage of household receiving public assistance 32.8(18.6) 44.65 (15.5) 21.0 (13.0) <.001
Percentage of unoccupied housing units 8.8 (6.2) 11.6 (6.5) 5.9 (4.5) <.001
Percentage of renter-occupied housing 43.9 (24.4) 51.3(21.9) 36.5 (24.6) <.001
Percentage of households living in the same house in past 5 60.6 (16.1) 60.3 (13.4) 60.9 (18.5) .76
years
Percentage of occupied housing units with no vehicle 8.8 (9.0) 13.6 (10.0) 3.9(3.8) <.001
Percentage of occupied housing units with >1 person per room 4.9 (4.2) 7.4(4.2) 2.4 (2.2) <.001
(crowding)
Percentage of adults 25 years or older without a high school 20.1 (12.9) 30.1(10.4) 10.0 (5.0) <.001
diploma or equivalent
Percentage of unemployed individuals aged 16 years or older in 8.9 (5.2) 11.8 (5.8) 6.1(2.3) <.001
the civilian labor force
Percentage of female-headed households 18.3 (4.8) 18.5 (4.5) 18.2 (5.0) .56

Abbreviation: SD, standard deviation.

@ Pvalue obtained from hierarchical mixed-effect model for normal model with a random intercept.
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Table 4. Adjusted Association of Allostatic Load Score with Neighborhood and Individual Variables at Baseline, Poisson Regression, Study of African American Wo-
men Participating in a Church-Based Diabetes Prevention Program on Weight Reduction (N = 220), Dallas, Texas, 2014-2016

B (SE) [P Value]

Variable Model 1 Model 2 Model 3 Model 4

Intercept —-0.10 (0.23) [.67] -0.04 (0.33) [.89] -0.15 (0.31) [.62] —-0.13 (0.34) [.70]
Neighborhood disadvantage

Most disadvantaged 0.24 (0.10) [.02] 0.21 (0.22) [.33] 0.25(0.10) [.02] 0.22 (0.10) [.04]

Least disadvantaged

1 [Reference]

1 [Reference]

1 [Reference]

1 [Reference]

Age,y

0.02 (0.004) [.001]

0.02 (0.004) [<.001]

0.01 (0.004) [.004]

0.01 (0.004) [.003]

Socioeconomic Mediators

Annual household income, $

<25,000

1 [Reference]

1 [Reference]

25,000-49,999 — -0.15 (0.23) [.52] — —-0.13 (0.13) [.31]
50,000-74,999 — -0.26 (0.24) [.29] - —-0.20 (0.15) [.18]
275,000 — -0.29 (0.23) [.22] — -0.22(0.16) [.19]

Effect of interaction between neighborhood disadvantage and income

Least disadvantaged and
<$25,000

1 [Reference]

Least disadvantaged and
$25,000-$49,999

-0.03 (0.27) [.90]

Least disadvantaged and
$50,000-$74,999

-0.02 (0.30) [.83]

Least disadvantaged and >
$75,000

-0.03 (0.30) [.92]

Education

<High school — 1 [Reference] — 1 [Reference]

Some college/technical — 0.26 (0.14) [.08] — 0.26 (0.15) [.08]

degree

College degree — 0.07 (0.15) [.66] — 0.06 (0.15) [.70]
Health Behaviors and Perceived Stress Mediators

Alcohol consumption in past 30 days

Yes — — -0.23(0.10) [.02] -0.20 (0.10) [.07]

No — - 1 [Reference] 1 [Reference]

Physical activity

<150 min per week

0.12 (0.10) [.23]

0.11 (0.10) [.30]

>150 min per week

1 [Reference]

1 [Reference]

Smoking

Current/former — — -0.03 (0.12) [.83] -0.10 (0.13) [.46]
Never — — 1 [Reference] 1 [Reference]
Perceived stress — — 0.01 (0.01) [.15] 0.01 (0.01) [.22]
o? 0.04 (0.03) 0.04 (0.03) 0.04 (0.03) 0.04 (0.03)

Abbreviation: SE, standard error.
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Appendix A. Varimax Orthogonal Rotated Weight (Standardized) for the First
Principal Component of the Neighborhood Indicators at Baseline, Study of African
American Women Participating in a Church-Based Diabetes Prevention Program on

Weight Reduction (N = 220), Dallas, Texas?

Neighborhood Indicator Weight

Percentage of households living in poverty 0.22
Percentage of household receiving public assistance 0.17
Percentage of housing units unoccupied 0.07
Percentage of renter-occupied housing -0.03
Percentage of households living in the same house in past 5 years 0.14
Percentage of occupied housing units with no vehicle 0.12
Percentage of occupied housing units with >1 person per room (crowding) 0.23
Percentage of adults 25 years or older with <high school diploma or equivalent 0.31
Percentage of unemployed individuals 16 years or older in the civilian labor force 0.19
Percentage of female-headed households -0.13

@ Six participants were missing census tract data, so for this analysis, n = 214.
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Appendix B. Two-Level Poisson Regression Model Used to Perform Regression
Analyses

Level 1 (between-subjects effect):
In (0,) = By + B, D+ XX, (1)
Y;.j~ Poisson(@ij)(Z)

In equation 2, Yij represents allostatic load score that follows Poisson distribution with mean 6., for subject 1 in church j (j=1,2, ..., 11).
In equation 1, . is the adjusted mean allostatic load score in natural logarithm base for church j after controlling for all variables. The
adjusted effect of neighborhood (D.) and other variables (Xcij) on allostatic load score are estimated using By‘ and Bcj in natural logarithm
base as fixed effect at level-1 for church j.

Level 2 (cluster effect):
BOJZ Y00+u(y3
Bcj= Vo= 1,2, ....,c

In equation 3, v, is the overall adjusted mean allostatic load score at natural logarithm base after controlling for all variables. y, and y_
are the pooled within-church regression coefficients at natural logarithm base for the level-1 covariates, and u is an error term
representing effects associated with church j, which is assumed to be normally distributed with mean 0 and variance l.JHere, ¢ represents

the number of covariates in the model.
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Abstract

Introduction

In 2010, the Los Angeles County Department of Public Health
launched a local sodium-reduction initiative to address the rising
prevalence of high blood pressure (hypertension) and related car-
diovascular conditions in the population. To inform this effort, we
evaluated self-reported knowledge and health behaviors related to
sodium intake among Los Angeles County residents.

Methods

We administered 3 cross-sectional Internet panel surveys on
knowledge about dietary sodium to a sample of Los Angeles
County adults, at intervals from December 2014 through August
2016. Multinomial and logistic regression models were construc-
ted to describe associations between sodium knowledge and self-
reported health behaviors.

Results

A total of 7,067 panel subjects clicked into the online survey, and
2,862 completed the survey (adjusted response rate = 40.5%).
Only 102 respondents (3.6%) were able to accurately report the re-
commended milligrams of sodium that an average adult should
consume daily (1,500 mg to 2300 mg). Knowing about daily sodi-

um intake recommendations was associated with increased odds of
using Nutrition Facts labels to make food purchase decisions (ad-
justed odds ratio [AOR], 3.48; 95% confidence interval [CI],
1.59-7.60) and with decreased odds of taking measures to prevent
hypertension (AOR, 0.38; 95% CI, 0.19-0.74).

Conclusions

Los Angeles County residents had a limited knowledge of recom-
mended daily sodium intake. Efforts to increase understanding of
these recommendations may encourage wider engagement in
healthy behaviors. Health agencies should integrate sodium reduc-
tion messages in their diet and nutrition educational efforts.

Introduction

High blood pressure (hypertension) is the main risk factor for
heart disease and stroke, 2 of the leading causes of death among
US adults (1). Obesity and diets high in sodium contribute to
blood pressure elevation (2). The Dietary Guidelines for Ameri-
cans 2015-2020 recommends that healthy adults consume no
more than 2,300 mg of sodium per day and that at-risk adults (eg,
people with hypertension, people aged 51 years or older, black
people) consume less than 1,500 mg of sodium per day (3). The
high levels of sodium contained in processed foods, which consti-
tute most food purchases in the United States, can make it diffi-
cult for adults to meet these recommendations (4).

Los Angeles County (LAC), the most populous county in the
United States, has a high prevalence of chronic diseases associ-
ated with excess sodium consumption (eg, 29.3% of LAC adult
residents have hypertension (5). Sodium knowledge in the popula-
tion is also problematic. A previous assessment showed that less
than 10% of LAC adults knew recommendations for daily sodium
consumption (6). To date, few studies have examined the relation-
ships between sodium knowledge and health behaviors, and even
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less is known about these relationships in a large urban population.
We evaluated self-reported knowledge and health behavior related
to sodium intake among LAC residents to inform an initiative to
address the rising prevalence of high blood pressure and related
cardiovascular conditions in this population.

Methods
Study design

Our study built on a previous assessment of sodium knowledge,
attitudes, and behaviors among LAC residents (6) that consisted of
a series of 3 cross-sectional Internet panel surveys administered by
Global Strategies Group, from December 2014 through August
2016, for the LAC Department of Public Health (DPH). Each sur-
vey comprised from 55 to 62 questions distributed across 5 cat-
egories: food selection and consumption, support for policy
changes related to food environments, nutrition knowledge and
awareness, health status, and demographics. Wherever possible,
the surveys’ questions were derived from validated questionnaires
such as the Behavioral Risk Factor Surveillance System (BRFSS)
(7) and the National Health and Nutrition Examination Survey
(NHANES) (8). Other questions not addressed by NHANES or
BRFSS, such as those pertaining to attitudes toward sodium in
foods served in the workplace or at restaurants, were developed in-
ternally by DPH.

Because data collection from Internet panels is a continuous pro-
cess, data from the 3 surveys were combined into one data set.
Each survey’s questions were pretested with a pilot group of either
50 or 100 participants to determine accuracy and quality of the
survey’s programming. No changes were made after piloting each
survey before distribution. Surveys of pilot group participants
were included in the final tally of completed surveys. To ensure
comparability across surveys, only questions that remained con-
sistent over time were used in the analysis.

Participants

Participants were LAC residents aged 18 years or older who were
able to complete the surveys in either English or Spanish. To en-
sure a representative sample of county residents, quotas and
weights generated by using demographic and geographic data
from the 2013 American Community Survey (9) and the 2011 Los
Angeles County Health Survey were applied (10). These quotas
took into account age, race, sex, income, and LAC Service Plan-
ning Area (11). After quota criteria were established, the 3 sur-
veys were distributed to participants by Global Strategy Group.
The resulting data were weighted to account for potential under-
coverage from the survey’s web-based format and for differential
nonresponse resulting from low response rates for certain hard-to-

reach demographic groups, such as young residents (particularly
those aged 18 to 24 years) and people without computer access.
Incentives provided to participants who completed the survey in-
cluded various gift cards, points programs, or partner products and
services at the discretion of the panel provider working with Glob-
al Strategies.

Sociodemographic information was collected for all survey parti-
cipants. Age was converted from a numeric response into a cat-
egorical variable in 6 age categories (18-24 y, 25-34 y, 35-44 vy,
45-54y, 55-64 y, and >65 y). Race/ethnicity responses were col-
lapsed into 5 categories: African American/black, white, Asian,
Hispanic/Latino, and other. Participants were asked to provide
their education and annual income level. Body mass index (BMI,
measured as weight in kg/height in m?) was self-reported. BMI
values that were implausible by guidelines of the Centers for Dis-
ease Control and Prevention (CDC) (ie, weight >600 lbs or height
>8 ft) were excluded from the study (12).

Measures

Frequencies and weighted percentages were generated for all cat-
egorical variables encompassing the demographic characteristics
of the survey population, knowledge of nutritional concepts, and
health behaviors. To assess participants’ knowledge of daily sodi-
um intake recommendations, participants were asked “How many
milligrams of sodium should an average adult consume on a daily
basis?” Participants were also asked to identify the number of cal-
ories an average adult should consume daily, to compare their
knowledge of recommendations for calorie and sodium consump-
tion. To examine their understanding of the consequences of ex-
cess sodium consumption, participants were asked, “How harmful
do you think consuming salt is for your health?” These questions
were used in a previous survey analysis to assess sodium know-
ledge among LAC residents (6).

General health status was assessed by asking participants how they
felt about their general health and whether a doctor or other health
care provider had told them to watch their salt intake or told them
they had hypertension. Sodium consumption was assessed by ask-
ing whether participants added salt to their food and whether they
were watching their salt intake. Food purchasing behavior and de-
cision making were assessed by asking how often participants
changed their mind about a food purchase on the basis of its sodi-
um content and how often they used Nutrition Facts labels or oth-
er food labels during a food purchase. Use of these questions has
been described elsewhere (6).

Analyses

Frequencies and weighted percentages were generated for all cat-
egorical variables, which encompassed the population’s demo-
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graphic characteristics, weight status, knowledge about nutrition,
and health behaviors. Logistic and multinomial multiple regres-
sions were constructed to assess associations between knowledge
about sodium and health behavior variables. Each regression mod-
el controlled for demographic characteristics and included one
main predictor per outcome. We used logistic regression to ana-
lyze relationships between outcome variables with 2 response
levels and used multinomial regressions for outcomes with more
than 2 response levels. All analyses were performed using SAS
version 9.4 (SAS Institute, Inc). All study protocols and instru-
ments were approved by the LAC DPH institutional review board.

The second and third surveys used 2 sets of questions to assess
participants’ ability to correctly read Nutrition Facts labels and to
identify high-sodium food items. These questions were not asked
in the first survey. Two variables were created by using these sets
of questions. The first variable was based on a set of questions that
assessed participants’ ability to compare the sodium content of
foods from Nutrition Facts labels. The second variable was based
on a set of questions that asked participants to identify high-salt
foods from a list. For the first variable, 2 groups of Nutrition Facts
labels were shown to participants: 1) 2 labels where participants
were asked to identify the healthier of 2 food items and 2) 3 labels
where participants were asked to identify the item with the least
sodium per cup (Figure). Responses to these 2 questions were col-
lapsed into a single variable with 3 values: 1) answering neither
question correctly 2) answering one question but not the other cor-
rectly, or 3) answering both questions correctly. For the second
variable, 10 to 15 foods were shown to participants who were then
asked whether the foods contained high, medium, or low amounts
of sodium. Only the foods previously promoted as high sodium to
LAC residents during the Salt Shocker health marketing cam-
paign (https://www.choosehealthla.com/eat/salt/) were analyzed
(13). These included bread, ketchup, cottage cheese, and canned
vegetables. For each of these foods, the response “high sodium”
was classified as answered correctly, and the responses “medium
sodium” or “low sodium” were classified as answered incorrectly.
Variables for the 4 items were then collapsed into a dichotomous
variable where participants who correctly identified at least 2 of
the 4 items were sorted into one category, “gave the correct re-
sponse,” and participants who correctly identified either one or
none of the items were sorted into another, “gave the incorrect re-
sponse.”

Which soup do you think is the healthier option?

sutrition Facts| fUtrition Facts

Servings Per Container 2 Servings Per Container 2

Amount Per Serving Amount Per Serving

Calories 160 Galories from Fat 35| |Calories 320 Calories from Fat 35

% Daily Values* % Daily Valuos*

Tofal Fat 4g 6% |Total Fat4g 6%
Saturated Fat 0.5g % Saturated Fat 0.5g 3%
Trans Fat Og Trans Fat 0g

Sodium 680mg 28%| |Sodium 340mg 14%

Total Carbohydrate 249 8%| |Total C: 24g 8%
Dietary Fiber 8g 2% Dietary Fiber 8g 32%
Sugars 59 Sugars 59

Protein 7g 14%| |Protein 7g 14%

* Percent Dally Values are based on a 2,000 alorie diet. | | *Percent Daly Values are based on a 2,000 calorie diet

Soup A Soup B

And, which of these sauces has the least amount of sodium per cup?

Nutrition Facts| Nutrition Facts| [Nutrition Facts
Serving Size 1/2 Cups (118g) Serving Size 1 Cup (2529) Serving Size 1/2 Cups (118g)
Servings Per Container 4 Servings Per Container 2 Servings Per Container 4
Amount Per Serving Amount Per Serving Amount Per Serving
Calories 60 Calories from Fat 5| |Calories 480 Calories from Fat 400 |Calories SO Calories from Fat 50
% Daily Values* % Dally Values® % Daily Values*
Total Fat 1g 2%| |Total Fat44g 68%| |Total Fat6g 9%
Saturated Fat Og 0% Fat 28g 140% Saturated Fat 2g 10%
Trans Fat 0g Trans Fat 0g Trans Fat 0g
Sodium 510mg 21%| |CI 12%| |Cl 10mg 3%
Total Carbohydrate 12g 4%| |Sodium 680mg 28%| |Sodium 370mg 15%
Dietary Fiber 2g 8%| |Total C: 12g 5% |Total C: 7g 2%
Sugars 6g Dietary Fiber Og 0% Dietary Fiber 2g 8%
Protein 2g 4% Sugars 8g Sugars 3g
* Percent Daily Values are besed on a 2,000 calorie diet. | | Protein 12g 24%) |Protein 4g 8%
- are based - Percent Daily Values are based on & 2,000 calorie diet.
Sauce A Sauce B Sauce C

Figure. Nutrition Facts labels presented to participants for evaluation, Los
Angeles County, Internet panel survey, 2014-2016. Participants were asked
to use the 2 labels at the top to select the healthier of the 2 soups, A or B.
They were also asked to identify which of the 3 Nutrition Facts labels on the
bottom, A, B, or C, had the least sodium per cup.

Results

Throughout the sampling period, 7,067 panel subjects clicked into
the online survey. Of these, 2,862 completed the survey, resulting
in an adjusted response rate for all 3 surveys of approximately
40.5%. This adjusted response rate was calculated by dividing the
number of completed surveys by the number of eligible parti-
cipants. Participants were excluded from the final sample if they
were younger than 18 years, did not live in LAC, or because of
quota criteria.

Participants were evenly distributed across age groups with the
largest group aged 25 to 34 years (20.9%). Most were white
(40.2%), female (51.3%), had some college or an associate’s de-
gree or bachelor’s degree (54.6%), and had an annual income of
$25,000 to $49,999 (22.6%). More than half reported perceiving
themselves as overweight (53.5%); similarly, BMI calculations
(based on participants’ self-reported heights and weights) showed
that 58.7% of participants were overweight or obese (Table 1).
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Only 3.6% of participants were able to accurately report the daily
recommended sodium intake for an adult (1,500 mg to 2,300 mg).
Conversely, 31.7% of participants knew the correct daily calorie
intake recommendation. About half (50.7%) believed that consum-
ing salt was somewhat harmful to their health. More than half
(54.8%) reported currently watching or reducing their salt intake.
Less than a third (31.4%) indicated they had ever been told by a
doctor or other health professional to watch their salt intake (Ta-
ble 2). Although most participants were able to correctly answer 1
of 2 questions regarding Nutrition Facts labels (57.8%), only
21.4% were able to correctly identify at least half of the high-sodi-
um foods presented in the survey.

Participants who believed that consuming salt was very harmful to
their health compared with those who believed sodium consump-
tion was only somewhat harmful had increased odds of not adding
salt to their food (adjusted odds ratio [AOR], 2.91; 95% confid-
ence interval [CI], 2.16-3.92) and changing one’s mind about a
food purchase based on its salt content (AOR, 2.30; 95% CI,
1.70-3.10) (Table 3). Participants who believed consuming salt
was very harmful to their health compared with those who be-
lieved it was only somewhat harmful had increased odds of watch-
ing or reducing their salt intake (AOR, 2.71; 95% CI, 2.09-3.49)
and decreased odds of doing anything to control or prevent high
blood pressure (AOR, 0.84; 95% CI, 0.64—1.07). Conversely, par-
ticipants who did not believe consuming salt was harmful to their
health compared with those who believed it is somewhat harmful
were found to have lower odds of changing their mind about pur-
chasing a food item because of its sodium content (AOR, 0.47;
95% CI, 0.33-0.67). The odds of taking measures to prevent high
blood pressure (ie, exercising regularly, controlling or trying to
lose weight, reducing sodium intake, taking medicine prescribed
by a doctor, or avoiding alcohol or cigarettes) among participants
who accurately reported the daily recommended sodium intake for
adults was lower than for those who could not accurately report
the recommendation (AOR, 0.38; 95% CI, 0.19-0.74). Parti-
cipants who accurately reported the recommended daily sodium
intake had higher odds of reporting watching or reducing salt in-
take (AOR, 1.59; 95% CI, 0.87-2.89). These participants also had
higher odds of having had a doctor or health professional recom-
mend watching salt intake (AOR, 1.24; 95% CI, 0.68-2.24). In ad-
dition, knowing about daily sodium intake recommendations was
associated with increased odds of using Nutrition Facts labels to
make food purchase decisions (AOR, 3.48; 95% CI, 1.59-7.60). In
subanalyses, participants who were able to accurately identify
high-sodium foods when shown Nutrition Facts labels or a panel
of 4 high-sodium foods showed increased odds of changing their
mind about buying foods because of their sodium content (Nutri-

tion Facts questions, AOR, 2.35; 95% CI, 1.60-3.45, 4-food panel,
AOR, 1.47; 95% CI, 1.01-2.12) (Table 3). Similarly, these same
participants had increased odds of currently watching or reducing
their salt intake (Nutrition Facts label questions AOR, 1.49; 95%
CI, 1.04-2.13; 4-food panel, AOR, 2.14; 95% CI, 1.42-3.48).

Discussion

Our study yielded 2 main findings. First, although participants ap-
peared to understand the consequences of excess sodium intake,
they did not know recommendations for daily sodium consump-
tion or the sodium content of foods that are high contributors to
salt in the American diet, as demonstrated by participants’ limited
understanding of how sodium content is displayed on food labels.
This finding supports previous work that suggests that the level of
knowledge pertaining to daily sodium recommendations is low
among LAC residents (6). Second, increased knowledge about the
harmful effects of sodium was associated with increased engage-
ment in some healthy behaviors, such as watching salt intake or
declining a food purchase because of its salt content. This finding
aligns with previous studies that found positive associations
between increased knowledge of nutritional concepts and im-
proved food choices (14,15). Although increased knowledge about
specific sodium consumption recommendations was associated
with increased use of Nutrition Facts labels to guide food purchas-
ing decisions, this finding was conversely associated with lower
odds of doing anything to control or prevent hypertension.

The LAC DPH continues to encourage residents to reduce salt
consumption through an array of strategies, including applying nu-
trition standards to food venues such as hospitals and universities
and modifying their menus. Results from our study suggest that
LAC residents require further nutrition education to take advant-
age of increased availability of low sodium foods as a result of
these implemented sodium reduction strategies. LAC DPH con-
ducted the Salt Shocker campaign, including educational videos,
to make residents aware of recommendations for sodium con-
sumption and the amount of sodium in common foods that add
significantly to the volume of salt in the American diet. For ex-
ample, the campaign highlighted that 3 fast-food packets of ketch-
up (over 500 mg) and 1 cup of cottage cheese (900 mg) each con-
tain over 20% of the Dietary Guidelines for Americans’ recom-
mendation for daily sodium intake (13). While sliced bread and
canned vegetables do not contain the highest amounts of sodium
per serving of popular prepared foods, they contribute heavily to
the amount of sodium Americans consume through their frequent
use as ingredients in commonly prepared dishes. Consequently,
CDC recommends that Americans choose low sodium or no-ad-
ded-salt varieties of bread and canned vegetables (16).
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Findings from our study suggest that health education messaging,
especially in regard to reducing sodium intake, should be integ-
rated with policy and system-level change interventions such as
those from recent chronic disease—related efforts (17). Previous
studies found that residents of developed countries such as the
United States and Canada are receptive to some, but not all, diet-
ary sodium recommendations or warnings with differences in
knowledge and receptiveness tied to socioeconomic status and
race/ethnicity (14). Future campaigns should take into account that
although recommendations and warnings about sodium intake are
generally accepted (15), specific warnings against consumption of
processed foods containing large amounts of sodium, such as
breads or cereal, are rarely followed because most people are un-
able to correctly identify high-sodium foods (18,19). Furthermore,
coupling these recommendations or this messaging to multifa-
ceted nutritional interventions may be an effective way to raise
public awareness about the dangers of excess salt consumption
while simultaneously supporting the implementation of industry-
focused efforts, including adherence to voluntary sodium limits for
processed foods established by the US Food and Drug Administra-
tion (20-22).

Industry acceptance of incremental reductions in the sodium con-
tent of processed foods, which are possible without affecting the
taste or marketability of such foods, would allow for maximum ef-
fectiveness of nutrition education efforts by making low sodium
foods more common (23,24). Increasing the market share of low-
sodium foods, in addition to increasing knowledge about sodium
and its potential health consequences, may improve health out-
comes.

Our study has several limitations. First, time may have affected the
responses of participants because the series of internet panel sur-
veys was administered over a 2- to 3-year period. However, the
sampling method used by Global Strategies Group attempted to
make individual participants interchangeable across survey waves
and to allow for an analysis of the data independent of time.
Second, as with all cross-sectional designs, no causal relation-
ships can be determined between predictors and outcomes; results
from the logistic and multinomial regression models can only be
interpreted as associations. Third, the nature of the Internet panel
survey methodology is linked to potential selection bias, because
participants may have self-selected because of the incentives giv-
en and because of their desire to contribute to this type of study.
The final study population may also be skewed toward people
with continuous Internet or computer access. Fourth, questions re-
garding the perceived sodium content of commonly consumed
foods may have been interpreted with mixed accuracy. Although
all the foods were promoted by prior health marketing campaigns
as high contributors to dietary sodium, not all foods that were

highlighted contained high amounts of sodium per single serving.
Lastly, although many questions used in the Internet panel sur-
veys were validated on the basis of their use in national-level sur-
veys, questions about the Nutrition Facts label or the question
about the food panel were designed by the DPH staff. These more
tailored questions may or may not be valid when compared with
similar questions used in similar studies.

Our study highlights the needs for local jurisdictions such as LAC
to educate its residents about daily sodium recommendations.
These results may inform the development and dissemination of
future sodium reduction efforts and consumer messaging in LAC
and elsewhere in the United States.
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Tables

Table 1. Demographic Characteristics of Participants (N = 2,862), Internet Panel Survey, Los Angeles County, 2014-2016

Characteristic No. ( %)?

Sex

Male 1,395 (48.7)
Female 1,467 (51.3)
Age,y

15-24 405 (14.2)
25-34 597 (20.9)
35-44 525 (18.3)
45-54 526 (18.4)
55-64 390 (13.6)
>65 418 (14.6)
Race/ethnicity

African American/black 263 (9.2)
White 1,151 (40.2)
Asian 407 (14.2)
Hispanic/Latino 958 (33.5)
Other 83(2.9)
Annual income, $

<15,000 294 (10.3)
15,000-24,999 360 (12.6)
25,000-49,999 647 (22.6)
50,000-74,999 488 (17.1)
75,000-99,999 322(11.3)
100,000-149,999 396 (13.8)
>150,000 300 (10.5)
Education

Less than high school diploma 110 (3.9)
High school diploma or general equivalency diploma 839 (29.5)
Some college 734 (25.8)
Associate’s degree or bachelor’s degree 819 (28.8)
Master’s, doctorate, or other professional degree 344 (12.1)
Weight, self-reported

Underweight 92 (3.2)
Overweight 1,531 (53.5)

@ Number of participants is unweighted. Percentages are weighted to account for variability in sampling and differential nonresponse. Percentages may not total

100% because of rounding.

b Body mass index was calculated by using the Centers for Disease Control and Prevention’s formula for adults: weight (kg)/height (m2) and classified as follows:
underweight, <18.5; normal, 18.5-24.9; overweight, 25.0-29.9; obese, >30.0. Implausible weights and heights (ie, weight >600 Ibs or height >8 ft) were ex-

cluded from analysis (12).

(continued on next page)
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(continued)

Table 1. Demographic Characteristics of Participants (N = 2,862), Internet Panel Survey, Los Angeles County, 2014-2016

Characteristic No. ( %)?

The right weight 1,122 (39.2)
Don’t know 117 (4.1)
Weight, measured, body mass index (kg/| m2)b

Underweight 65 (2.4)
Normal 1,062 (38.9)
Overweight or obese 1,603 (58.7)

@ Number of participants is unweighted. Percentages are weighted to account for variability in sampling and differential nonresponse. Percentages may not total
100% because of rounding.

b Body mass index was calculated by using the Centers for Disease Control and Prevention’s formula for adults: weight (kg)/height (m2) and classified as follows:
underweight, <18.5; normal, 18.5-24.9; overweight, 25.0-29.9; obese, >30.0. Implausible weights and heights (ie, weight >600 Ibs or height >8 ft) were ex-
cluded from analysis (12).
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Table 2. Nutritional Knowledge and Associated Health Behaviors of Participants (N = 2,862), Internet Panel Survey, Los Angeles County, 2014-2016 (N = 2,862)

Question and Answer No. (%)?
Health Behaviors

In general, how would you rate your health?
Excellent/very good 421 (14.7)
Good 1,215 (42.5)
Fair/poor 1,226 (42.8)
Has a doctor or other health professional ever told you to watch your salt intake?
Yes 900 (31.4)
No 1,962 (68.6)
Are you doing anything to control or prevent high blood pressure?
Yes 746 (26.1)
No 2,116 (73.9)
Are you currently watching or reducing your salt intake?
Yes 1,567 (54.8)
No 1,293 (45.2)
How often do you add salt to your food?
Never/rarely 1,465 (51.2)
Sometimes 874 (30.5)
Always/most of the time 523 (18.3)
How often do you change your mind about buying a food product because of its salt content?
Never/rarely 881 (32.6)
Sometimes 715 (26.5)
Always/most of the time 1,107 (41.0)
How often do you use a food label or Nutrition Facts label to help you decide what food to purchase?
Never/rarely 892 (31.2)
Sometimes 805 (28.1)
Always/most of the time 1,165 (40.7)

Nutritional Knowledge
What impact, if any, do you think consuming salt has on your health?
Not harmful 555 (19.4)
Somewhat harmful 1,449 (50.7)
Harmful 858 (30.0)
How many calories should an average adult consume on a daily basis?
Between 1,800 and 2,400 (acceptable range) 914 (31.7)
Answers outside acceptable range 1,948 (68.1)
How many milligrams of sodium should an average adult consume on a daily basis?
Between 1500 mg and 2300 mg (acceptable range) 102 (3.6)
Answers outside acceptable range 2,760 (96.5)

& Number of participants is unweighted. Percentages are weighted to account for variability in sampling and differential nonresponse. Percentages may not total

100% because of rounding.
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Table 3. Multinomial Regression Analysis? of Participant (N = 2,862) Responses, Internet Panel Survey, Los Angeles County, 2014-2016

Dependent Variables (Responses)

How often do you agd salt to

How often do you change your
mind about buying a food
product because 9f its salt

How often do you use a food
label or Nutrition Facts label to
help you decide whgt food to

Independent
Variable (Answer)

Self-Reported Health Status® your food? content? purchase?
Excellent/Very Always/Most Always/Most Always/Most
Good Fair/Poor Never/Rarely of the Time Sometimes of the Time Sometimes of the Time

Main Analysis — All 3 Surveys

What impact, if any, do you think consumi

ng salt has on your health?®

Very harmful 1.13(0.78-1.64) 1.10 2.91 1.27(1.36(0.96-1.91) 2.30|0.83(0.58-1.17) 1.63
(0.84-1.43) (2.16-3.92) (0.85-1.91) (1.70-3.10) (1.20-2.23)
Not harmful 1.03 (0.66-1.60) 1.25 0.99 1.22(0.47 (0.33-0.67) 0.49/0.61 (0.43-0.87) 0.82
(0.92-1.68) (0.72-1.38) (0.82-1.79) (0.35-0.69) (0.58-1.16)
How many calories should an average adult consume on a daily basis?
Answered within 0.85 (0.60-1.20) 1.15 1.03 0.80(1.11 (0.83-1.47) 1.03{0.98 (0.72-1.32) 1.41
acceptable range (0.90-1.47) (0.80-1.33) (0.568-1.11) (0.80-1.33) (1.06-1.86)
(1,800-2,400)
How many milligrams of sodium should an average adult consume on a daily basis?
Answered within 0.89 (0.28-2.85) 1.12 0.68 0.40(1.87 (0.86-4.06) 1.72(1.61(0.67-3.87) 3.48
acceptable range (0.61-2.05) (0.36-1.27) (0.17-0.96) (0.89-3.32) (1.59-7.60)
(1,500-2,300)
Subanalysis — Surveys 2 and 3 (N = 2,014)
High sodium food panel
Correctly identified at | 1.62 (1.00-2.61) 1.10 0.90 1.07|1.20 (0.78-1.85) 1.47|1.50 (0.96-2.34) 1.87
least 50% of items (0.78-1.55) (0.63-1.28) (0.67-1.71) (1.01-2.12) (1.26-2.78)
(ie, panel of 4 high-
sodium foods) as high
sodium
Nutrition Facts label questions
Answered 1 question | 1.12 (0.66-1.88) 1.42 1.37 (0.93- 1.18 (0.72| 1.73 (1.11-2.70) 2.35/0.90 (0.58-1.41) 1.16
correctly (0.99-2.03) 2.02) -1.95) (1.60-3.45) (0.78-1.77)
Answered both 1.36 1.23 0.76 2.25 1.98
questions correctly 0.81(0.44-1.49)| (0.90-2.06) (0.78-1.93) (0.41-1.43) |1.67(1.02-2.74)| (1.44-3.53) |1.23(0.73-2.07)| (1.23-3.20)

@ Values are adjusted odds ratios (95% confidence intervals). Although a narrow Cl suggests a more precise estimate, a wider Cl should be interpreted with caution.

b Reference is “good.”

© Reference is “sometimes.”

d o f
Reference is “never.

¢ Reference is “somewhat harmful.”
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Abstract

Introduction

Estimates indicate that 86 million people in the United States fit
the clinical definition of prediabetes, which contributes to the epi-
demic of nearly 2 million new diagnoses of type 2 diabetes mel-
litus each year. Effort has focused on preventing prediabetes from
progressing to clinical diabetes. We investigated the sociodemo-
graphic, behavioral, and health factors in people diagnosed with
diabetes or prediabetes and associated leading indicators and co-
morbidities.

Methods

We used Behavioral Risk Factor Surveillance System data from
2011 through 2015 (N = 1,699,754). All respondents aged 18
years or older with complete covariate data were included, differ-
entiating between self-reported diagnosis of diabetes or predia-
betes. Weighted univariate and multivariable logistic regression
analyses of 28 variables were developed, with adjusted odds of
diagnosis, and standardized coefficients were calculated to rank
predictors for diabetes and prediabetes.

Results

Prevalence of prediabetes increased each year between 2011 and
2014. After adjusting for demographic, lifestyle, and health vari-
ables, the most significant predictors in magnitude of importance
for prediabetes and diabetes were age and body mass index. Al-
though adjusted odds for cardiovascular disease and kidney dis-

ease were higher in respondents with diabetes than in those with
prediabetes, respondents with prediabetes had higher adjusted
odds of arthritis, depressive disorder, cancer, and chronic obstruct-
ive pulmonary disease.

Conclusions

Concurrent chronic diseases occur in people with prediabetes even
at normal and overweight classifications. By identifying the condi-
tions that are concomitant with diabetes, people with prediabetes
can be provided with more rigorous and individualized treatments
that can lead to better population health.

Introduction

Type 2 diabetes mellitus is a multifactorial chronic condition
caused by defects in the metabolic system relating to insulin secre-
tion and insulin resistance (1). According to the Centers for Dis-
ease Control and Prevention (CDC), an estimated 1.7 million in-
cident cases of diabetes among Americans aged 20 years or older
were reported in 2012, an equivalent of 4,657 daily cases (2). In
2014, the World Health Organization estimated that 387 million
people worldwide have type 2 diabetes, with half as many cases
still undiagnosed, projecting prevalence of type 2 diabetes at 592
million by 2035 (3).

The global epidemic of type 2 diabetes was predicted as early as
1971, as the result of a rapid increase in the prevalence of this dis-
ease among indigenous populations who adopted Western life-
styles (4,5). Over the past 4 decades, many epidemiological stud-
ies demonstrated that the Western way of life has contributed to
the increased prevalence of type 2 diabetes and its complications
(6-8). Prediabetes is an early stage of dysglycemia that occurs be-
fore diagnosis of overt diabetes (9). According to CDC, as of
2014, one in 3 adults older than 20 years (86 million people) had
clinical prediabetes, with an estimated 8% to 12% diagnosed
(2,10); without any intervention to treat prediabetes through life-
style modification, medication, or both, 5% to 10% of them will
progress to type 2 diabetes each year, compared with 2% of nor-
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moglycemic people (2,9,11). We used data from a large, represent-
ative, cross-sectional national survey to investigate the trend in
type 2 diabetes and prediabetes from 2011 through 2015 in the
United States.

Methods

Population and data source

Our study used a serial cross-sectional design using Behavioral
Risk Factor Surveillance System (BRFSS) survey data from 2011
through 2015, for adults aged 18 or older with complete covariate
data. BRFSS is an annual survey of randomly selected US resid-
ents contacted via telephone landline and cellular telephone in all
50 states, the District of Columbia, and 3 US territories, collected
in either English or Spanish (12). Only 1 member of each house-
hold is surveyed, and the data are valid, reliable, and generaliz-
able to the US population (13). The average response rate for the
2011 through 2015 BRFSS was 48%. BRFSS data are publicly
available and contain no personal identifiers; for this reason, this
study was determined to be exempt from review by the National
University Institutional Review Board.

Variables

M easures

We used data for respondents who self-reported a diagnosis of dia-
betes or prediabetes for whom there were full covariant data,
based on their answers to 2 questions: 1) “Have you ever been told
by a doctor or a health provider you have diabetes?”’; and 2) “Ever
been told by a doctor or a health provider you have prediabetes or
borderline diabetes?” The aggregate 5-year affirmative responses
for the questions were 1) n = 215,441 (12.7%; weighted fre-
quency 10.5%) and 2) n = 63,567 (3.7%; weighted frequency 3%).
Women who self-reported having diabetes or prediabetes during
pregnancy (gestational diabetes) were excluded from this study.
Clinically, prediabetes is defined as the condition where glycemic
parameters are above normal but below diabetes thresholds (14).
The American Diabetes Association describes prediabetes as fast-
ing plasma glucose (FPG) of 5.6 to 6.9 mmol/L, referred to as an
impaired fasting glucose level, and/or postload plasma glucose
level of 7.8 to 11.1 mmol/L, referred to as impaired glucose toler-
ance (14), or hemoglobin A, levels of 5.7% to 6.4% (15). We
used data on respondents who self-reported a diagnosis of type 2
diabetes or prediabetes.

Demogr aphic and socioeconomic factors
Self-reported age in years (18-34, 35-49, 50-64, or >65), marital
status (married, never married, or other), military veteran status

(yes or no), education level (<high school graduate, or some col-
lege and above), annual household income (<$15,000, $15,000 to

<$25,000, $25,000 to <$35,000, $35,000 to <$50,000, or
>$50,000), consistent access to health provider (yes or no), routine
annual checkup in the past 12 months (yes or no), race/ethnicity
(white non-Hispanic, black non-Hispanic, Hispanic, or other), and
sex. Data were also analyzed by geographic regions according to
the 9 US Census Bureau designations (16): Northeast (New Eng-
land division and Middle Atlantic division); Midwest (East North
Central division and West North Central division); South (South
Atlantic division, East South Central division, and West South
Central division); and West (Mountain division and Pacific divi-
sion) (for detailed list of states included in each division see https:/
/www2.census.gov/geo/pdfs/maps-data/maps/reference/us_
regdiv.pdf).

Health variables

Self-reported body mass index (BMI) was stratified into 4 categor-
ies: underweight (BMI <18.5 kg/m? [weight in kg divided by
height in m?]), normal weight (BMI, 18.5-24.9), overweight (BMI
25.0-30.0), or obese (BMI >30.0). Other variables were general
health condition (excellent/very good, good/fair, or poor); limited
activity because of physical, mental, or emotional health (yes or
no); and ever diagnosed with any of the following health condi-
tions (yes or no): arthritis (eg, rheumatoid arthritis, gout, lupus,
fibromyalgia), depressive disorder, asthma, chronic obstructive
pulmonary disease (COPD) or pulmonary disease, kidney disease,
cancer, or cardiovascular disease (CVD) (including chronic heart
disease, heart attack, and stroke).

Lifestylevariables

Binary questions (yes or no) included smoking (100 or more cigar-
ettes in lifetime), habitual drinking (men >14 drinks/week, wo-
men >7 drinks/week), and habitual exercise (any physical activity
or exercise other than daily work-related routine in the past 30
days).

Statistical analysis

Descriptive and univariate analyses of the study population, pre-
diabetes, and diabetes were conducted for all variables (P < .05 to
assess significance). BRFSS weighting was used to adjust for dif-
ferences in noncoverage and nonresponse in the sample to pro-
duce more generalizable estimates (17). Weighted multivariable
logistic regression controlling for demographic, health, and life-
style variables was used to obtain weighted and adjusted odds ra-
tios (AORs) and 95% confidence intervals (CIs) for each variable
with respect to prediabetes and diabetes. A multicollinearity as-
sessment, using a variance inflation factor, was performed, with
values 4 and above indicating collinearity. Fisher scoring al-
gorithm was used to calculate maximum likelihood and identify
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the most influential factors in diabetes and prediabetes. Statistical
analysis and data management were performed by using SAS soft-
ware, version 9.4 (SAS Institute, Inc.).

Results

All year-to-year differences in frequency distribution for each
variable for the study population (N = 1,699,754) were significant,
except for sex (P = .19) (Table 1). Most health conditions in-
cluded in this study did not show a substantial increase in preval-
ence in the 5-year period, with 2 exceptions: depressive disorder
increased from 16.9% to 18.1%, and obesity increased from 28.4%
to 29.8%. A reduction in smoking occurred, from 45.4% in 2011
to 42.5% in 2015. The prevalence of education beyond high
school increased from 58.7% to 61.3%; households with annual
incomes from $15,000 to less than $25,000 decreased slightly
from 17.6% to 15.8%; households with annual incomes greater
than $50,000 increased from 44.9% to 49.9% (all values 2011,
2015, respectively). During 2011 through 2015, regular annual
physical checkups increased from 67.0% to 70.0%; more than half
of the population steadily reported a self-perceived health condi-
tion as excellent or very good (5-year average 52.6%); 42.7% re-
ported good to fair, and 4.6% reported poor general health (P =
.03) (Table 1).

Bivariate analysis of the respondents indicated that health condi-
tion, lifestyle, and demographic variables were significantly differ-
ent for people reporting diabetes or prediabetes and the general
population (Table 2). People diagnosed with diabetes and predia-
betes were more likely to have obesity than the general public
(54.0% and 47.6%, respectively, vs 29.1%), be current or past
smokers (52.7% and 52.6%, respectively, vs 43.7%), have regular
access to a physician (92.8% and 88.3%, respectively, vs 79.4%),
and receive a regular annual checkup (86.0% and 79.2%, respect-
ively, vs 68.7%). People with both diabetes and prediabetes repor-
ted less regular exercise (62.8% and 70.4%, respectively) com-
pared with the general population (76.1%) (Table 2). Geographic-
ally, the distribution of diabetes and prediabetes varied. Although
reporting differences existed, prevalence of prediabetes was pro-
portionately lower in Western areas and proportionately higher in
the South (Table 2).

The 5-year aggregate study population was 50.5% male and 49.5%
female (Table 2). People diagnosed with prediabetes or diabetes
were more likely to be white non-Hispanic than the survey popula-
tion (70.5% and 62.6%, respectively, vs 68.1%). Similarly, people
diagnosed with prediabetes or diabetes were more likely to be
black non-Hispanic than the survey population (15.2% and 16.2%,

respectively, vs 11.6%) (Table 2). The risk of diabetes and predia-
betes increased with age; respondents aged 18 to 34 years and 35
to 49 years had a higher proportion of prediabetes compared with
diabetes (Table 2).

After adjusting for all health, lifestyle, and demographic variables,
BMI and age remained most predictive in determining odds of
prediabetes and diabetes. Adjusted odds of overweight among re-
spondents with prediabetes (AOR, 1.61; 95% CI, 1.54—1.68) and
diabetes (AOR, 1.77; 95% CI, 1.71-1.83) were similar. However,
participants with obesity had higher adjusted odds of diabetes
(AOR, 3.66; 95% CI, 3.55-3.78) than prediabetes (AOR, 2.47;
95% CI, 2.36-2.58). The most significant predictors of predia-
betes, in magnitude of importance, were obesity and age, which
were also predictors for diabetes, although the order of magnitude
was reversed, with age followed by obesity. Multicollinearity as-
sessment using a variance inflation factor indicated no collinearity
among the variables (collinearity <4).

Adjusted odds for prediabetes showed a steady year-to-year in-
crease from 2.4 in 2012 to 3.5 in 2014 (2015 data missing), yet
diabetes prevalence remained steady for years 2011 through 2015
(Table 3). Among the 8§ health conditions in this study, the unad-
justed prevalence of CVD and kidney disease was higher among
those with diabetes than among those with prediabetes (Table 2).
After adjusting for all other variables, the adjusted odds for CVD
and kidney disease remained significantly higher among those
with diabetes than those with prediabetes: with CVD and diabetes,
AOR of 1.56 (95% CI, 1.52-1.60), and with prediabetes, AOR of
1.06 (95% CI, 1.01-1.10); kidney disease with diabetes, AOR of
1.97 (95% CI, 1.88-2.06), and with prediabetes, AOR of 0.84
(95% CI, 0.78-0.91) (Table 3). For the other 5 chronic health con-
ditions, the percentage prevalences and AORs for those with pre-
diabetes and those with diabetes were comparable or slightly high-
er (Tables 2 and 3).

The aggregate prevalence of chronic diseases for the 5-year peri-
od 2011 through 2015 was calculated in the general population
and for prediabetes and diabetes (Figure). All values were signific-
ant (data not shown). The unadjusted bivariate analysis indicated
that the prevalence of chronic diseases was higher among respond-
ents with obesity who had diabetes. A higher percentage of people
with prediabetes was found in the underweight (not shown), nor-
mal, and overweight categories (Figure).
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Figure. Unadjusted bivariate analysis of prevalence of chronic diseases among
persons with prediabetes and diabetes by body mass index category,
Behavioral Risk Factor Surveillance System, 2011-2015. Abbreviation: COPD,
chronic obstructive pulmonary disease.

Discussion

Prediabetes is an early indicator of diabetes and contributes to the
worldwide pandemic (3,7). Between 5% and 10% of people with
prediabetes are estimated to progress annually to diabetes, depend-
ing on race/ethnicity and the detailed pathogenesis of their predia-
betes (2,9,11). Of the estimated 86 million individuals with predia-
betes in the United States, only 8% to 11.6%, or between 7 and 10
million individuals, have received a diagnosis and are aware of
their prediabetes condition. Furthermore, a consistent set of chron-
ic diseases associated with diabetes is seen in people with dia-
gnosed prediabetes, even at lower BMI. This is alarming and may
indicate a greater need for more rigorous diagnosis of prediabetes.
It also raises the question of whether current treatments and inter-
ventions for prediabetes, although successful in delaying progres-
sion to diabetes, sufficiently address other chronic diseases con-
comitant with prediabetes. Many of the chronic health conditions
included in this study are closely related to obesity, and are most
prevalent among populations with obesity who have diabetes (Fig-
ure). However, the increasing frequency of these conditions
among people with diagnosed prediabetes at lower BMI (normal
and overweight) may signify an unwelcome trend of increased risk
of comorbidities at lower BMI in prediabetes.

In an extensive meta-analysis of 16 prospective cohort studies that
included more than 890,000 participants, Huang et al found that
people with prediabetes at baseline had a significantly increased
risk of cancer (18). Additional literature has associated increased
risk for kidney disease (19), CVD (20), and arthritis (21) with pre-
diabetes. Risk factors for diabetes and prediabetes (age, obesity,
and physical inactivity) have been documented (22,23) and are
confirmed in our study, with age and BMI being most highly pre-
dictive for both conditions. Conversely, regular annual checkups
and access to physicians had a protective effect on diabetes. Ac-
cordingly, the focus has been on changing lifestyle habits among
people with prediabetes and diabetes and using medication
(24,25).

Several international trials have demonstrated the reversion from
prediabetes to normoglycemia, based on lifestyle and drug-based
interventions. The Finnish Diabetes Prevention Study reported av-
erage weight loss of 4.2 kg during a 3-year period using lifestyle
intervention and medication (26). However, there are concerns that
treating prediabetes with medication is an overtreatment of a
nondisease condition and should be approached only in cases with
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other comorbidities, such as heart disease (27). One of the many
debates about treatments of prediabetes is the question of whether
the focus should be on reversing the condition or simply delaying
development of diabetes. Studies suggest that prolonged duration
of prediabetes can result in both microvascular and macrovascular
complications of diabetes, even in the absence of overt develop-
ment of diabetes (11). Our results concur with such concerns and
add to the body of knowledge addressing the possible public
health implications of an extended long-term prediabetes condi-
tion.

Our study has limitations. First, we used self-reported data, which
were not confirmed by medical records or other health history in-
formation. Self-reported data may not reflect the continuum of dis-
ease and may better be assessed with a simple functional health as-
sessment, which was outside the limits of this study. Furthermore,
the survey questions were designed as “Have you ever...,” elimin-
ating any distinction between prevalence and those who may have
reverted to normoglycemia, resulting in possible overestimation of
current prevalence. Second, self-reported diabetes does not distin-
guish between type 1 and type 2 diabetes; however, it is generally
accepted that more than 90% of diabetes in the United States is
type 2 (15). Although limitations are inherent in the depth and ac-
curacy of any self-reported survey data, it nonetheless allows us to
identify consistencies in variables common in both diabetes and
prediabetes. Third, although BRFSS data encompass a large cross-
section of the population, including both cellular telephone and
landline telephone surveys since 2011, they still exclude or could
underrepresent certain groups and races/ethnicities with language
limitations, telephone access limitations, or those who are institu-
tionalized. Fourth, reporting frequencies on prediabetes-specific
questions has been inconsistent among the 50 states and the Dis-
trict of Columbia; some states did not report on that survey ques-
tion during 1 or more of the 5 periods of this study, and in particu-
lar 39 states did not collect data on prediabetes for the 2015 sur-
vey year. As such we expect the prevalence of diagnosed predia-
betes to be an underestimation and not valid for geographic region
comparisons. This has also precluded us from estimating predia-
betes prevalence for 2015. Another possible bias is that predia-
betes overall is more prevalent than diagnosed prediabetes. As
such, there may be a differential misclassification for diagnosed
prediabetes with concurrent comorbidities. More prospective data
may provide an excellent source to isolate the effect size of any
such bias. Fifth, the nature of the cross-sectional survey prevents
any extrapolation of causal relationships between the various
health conditions used in this study and diabetes or prediabetes.
Therefore, it cannot be determined if impaired glucose metabol-
ism is responsible for other health conditions or perhaps caused by
some combination of comorbidities included in this study.
However, it is generally accepted that obesity is a common cause

for most chronic health conditions. Furthermore, the self-reported
diagnosis of prediabetes is likely an underestimation of actual pre-
diabetes in the United States, because the American Diabetes As-
sociation only recommends screening for this condition starting at
age 45, and then only if there are other health factors (15); simil-
arly, adults younger than 50 may not be aware that they have dia-
betes. Lastly, BRFSS does not include any questions about fre-
quency of testing the blood glucose level, glycated hemoglobin
A, or any other screening or treatments of those diagnosed with
prediabetes. As such, it is unknown if people with diagnosed pre-
diabetes are getting the same or similar care as people diagnosed
with diabetes.

Although much attention has been given to diagnosis of at-risk
populations at the stage of prediabetes to reduce incidence of dia-
betes, efforts are focused on preventing prediabetes from progress-
ing to diabetes. Implied in this attitude is the view that prediabetes
has lower rates of morbidity compared with diabetes. However,
the validity of this assumption is not clear. This study highlights
that many chronic disease conditions are present at high rates in
prediabetes and that a prolonged period of prediabetes does not
necessarily reduce the risk of certain comorbidities compared with
diabetes. Our results suggest that there may even be an increased
risk at lower BMI among people with prediabetes to present with
other chronic comorbid health conditions. In light of potential co-
morbidities that may occur in this at-risk population, substantial
effort should be considered to identify prediabetes at a lower BMI
and younger age, where rigorous attempts to reverse prediabetes to
normoglycemia could prove far more beneficial in promoting pub-
lic health.
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Tables

Table 1. Characteristics of Respondents (N = 1,699,754) Who Responded Yes for Condition or Behavior, Behavioral Risk Factor Surveillance System, 2011-2015°

Characteristic 2011, % 2012, % 2013, % 2014, % 2015, % PValue®

Health Condition
Chronic condition
Arthritis® 25.4 26.2 26.1 26.6 25.7 <.001
Depressive disorder 16.9 17.1 18.0 18.3 18.1 <.001
Asthma 13.3 13.0 13.8 13.5 13.6 <.001
Cancer 11.6 11.3 11.8 11.6 12.1 <.001
Cardiovascular disease® 8.4 8.7 8.8 8.9 8.6 <.001
Chronic obstructive pulmonary disease (COPD)f 6.4 6.5 6.6 6.8 6.6 .001
Kidney disease 2.5 2.7 2.7 2.8 2.7 .01
Limited activity® 23.8 20.5 20.0 21.0 20.7 <.001
General health
Excellent, very good 52.6 52.6 52.5 52.8 52.8
Good, fair 42.8 42.6 42.9 425 42.8 .03
Poor 4.6 4.8 4.6 4.7 4.4
BMI"
Underweight 1.6 1.7 1.7 1.8 1.5
Normal 33.9 33.7 33.2 328 325
Overweight 36.1 36.1 35.9 35.6 36.2 <00t
Obese 28.4 28.6 29.2 29.8 29.8

Lifestyle

Smokingi 45.4 44.2 43.5 42.8 425 <.001
Consume alcohol regularlyi 6.8 6.2 6.3 6.2 6.2 <.001
Exercise regularly® 75.4 77.8 74.7 77.5 75.2 <.001

@ Percentages are weighted.

P pvalues based on Pearson )(2 test of association; significant at P < .05.

© Ever been diagnosed with arthritis (eg, rheumatoid arthritis, gout, lupus, fibromyalgia).

9 Ever been diagnosed with any type of cancer.

© Ever been diagnosed with chronic heart disease, heart attack, or stroke.
fEver been diagnosed with COPD or pulmonary disease.

& Limited in any way in any activity because of physical, mental, or emotional problems.
n Body mass index (BMI, kg/m2) is categorized as underweight (BMI <18.5), normal weight (BMI, 18.5-24.9), overweight (BMI, 25.0-30.0), or obese (BMI >30.0).

i Smoked more than 100 cigarettes during lifetime.
) Men having more than 14 drinks per week and women having more than 7 drinks per week.

K During the past month, other than for your regular job, did you participate in any physical activities or exercises such as running, calisthenics, golf, gardening, or

walking for exercise.

I ; . )
Separated, widowed, never married, a member of an unmarried couple.

™ Geographic regions based on US Census (a detailed list of states included in each division is available at https://www2.census.gov/geo/ pdfs/maps-data/maps/

reference/us_regdiv.pdf).

(continued on next page)

The opinions expressed by authors contributing to this journal do not necessarily reflect the opinions of the U.S. Department of Health and Human Services,

the Public Health Service, the Centers for Disease Control and Prevention, or the authors’ affiliated institutions.

www.cdc.gov/pcd/issues/2018/17_0158.htm « Centers for Disease Control and Prevention 7



www.cdc.gov/pcd/issues/2018/17_0158.htm
https://www2.census.gov/geo/pdfs/maps-data/maps

PREVENTING CHRONIC DISEASE VOLUME 15, E36

PUBLIC HEALTH RESEARCH, PRACTICE, AND POLICY MARCH 2018

(continued)

Table 1. Characteristics of Respondents (N = 1,699,754) Who Responded Yes for Condition or Behavior, Behavioral Risk Factor Surveillance System, 2011-2015%

Characteristic 2011, % 2012, % 2013, % 2014, % 2015, % PValue®
Demographics/socioeconomics

Military status

Veteran 12.2 12.0 11.8 12.5 12.2

Nonveteran 87.8 88.0 88.2 87.5 87.8 <00t

Education level

High school graduate or less 41.3 40.8 40.2 40.1 38.7 <001

Some college and above 58.7 59.2 59.8 59.9 61.3

Marital status

Married 55.3 54.1 56.1 55.3 55.4

Never married 24.0 25.2 22.7 23.6 23.2 <.001

Other’ 20.7 20.7 21.2 21.2 21.3

Sex

Male 50.6 50.5 50.3 50.4 50.9

Female 49.4 495 49.7 49.6 49.1 19

Race/ethnicity

White non-Hispanic 69.7 67.5 67.6 68.1 67.5

Black non-Hispanic 11.2 11.8 11.5 11.8 11.4

Hispanic 12.1 13.2 135 12.7 135 <00t

Other 7.0 7.5 7.3 7.3 7.6

Income, $

<15,000 11.9 12.2 11.9 11.4 10.2

15,000 to <25,000 17.6 17.3 17.0 16.9 15.8

25,000 to <35,000 11.4 11.0 10.8 10.7 10.3 <.001

35,000 to <50,000 14.3 14.4 14.3 13.9 13.8

250,000 44.9 451 46.0 47.1 49.9

Health care access

@ Percentages are weighted.

P pvalues based on Pearson )(2 test of association; significant at P < .05.

© Ever been diagnosed with arthritis (eg, rheumatoid arthritis, gout, lupus, fibromyalgia).

9 Ever been diagnosed with any type of cancer.

© Ever been diagnosed with chronic heart disease, heart attack, or stroke.

fEver been diagnosed with COPD or pulmonary disease.

& Limited in any way in any activity because of physical, mental, or emotional problems.

h Body mass index (BMI, kg/m2) is categorized as underweight (BMI <18.5), normal weight (BMI, 18.5-24.9), overweight (BMI, 25.0-30.0), or obese (BMI >30.0).
f Smoked more than 100 cigarettes during lifetime.

) Men having more than 14 drinks per week and women having more than 7 drinks per week.

K During the past month, other than for your regular job, did you participate in any physical activities or exercises such as running, calisthenics, golf, gardening, or
walking for exercise.

: Separated, widowed, never married, a member of an unmarried couple.

™ Geographic regions based on US Census (a detailed list of states included in each division is available at https://www2.census.gov/geo/ pdfs/maps-data/maps/
reference/us_regdiv.pdf).

(continued on next page)
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(continued)

Table 1. Characteristics of Respondents (N = 1,699,754) Who Responded Yes for Condition or Behavior, Behavioral Risk Factor Surveillance System, 2011-2015%

Characteristic 2011, % 2012, % 2013, % 2014, % 2015, % PValue®
Consistent access to health provider 80.1 79.4 78.1 79.0 80.4 <.001
Annual health checkup 67.0 67.6 68.5 70.1 70.0 <.001
Age,y

18-34 27.0 27.4 26.9 27.3 26.8

35-49 27.9 26.6 25.7 25.2 251

50-64 27.5 27.9 28.6 28.3 28.2 <001
>65 17.5 18.1 18.8 19.2 19.8

Geographic region™

Midwest: East North Central division 16.2 15.9 16.0 16.2 16.0

Midwest: West North Central division 6.9 6.8 6.4 6.9 6.8

South: South Atlantic division 19.6 19.7 19.7 20.0 19.9

South: East South Central division 5.7 5.9 5.5 6.0 5.8

South: West South Central division 11.3 11.5 11.1 11.2 11.3 <.001
Northeast: New England division 4.8 4.7 4.7 4.7 4.4

Northeast: Middle Atlantic division 12.9 12.7 12.9 13.2 12.8

West: Mountain division 7.1 7.0 7.2 7.2 7.1

West: Pacific division 15.5 15.8 16.4 14.6 15.9

@ Percentages are weighted.

b P values based on Pearson x2 test of association; significant at P < .05.

¢ Ever been diagnosed with arthritis (eg, rheumatoid arthritis, gout, lupus, fibromyalgija).
9 Ever been diagnosed with any type of cancer.

€ Ever been diagnosed with chronic heart disease, heart attack, or stroke.
fEver been diagnosed with COPD or pulmonary disease.

€ Limited in any way in any activity because of physical, mental, or emotional problems.

_h Body mass index (BMl, kg/mQ) is categorized as underweight (BMI <18.5), normal weight (BMI, 18.5-24.9), overweight (BMI, 25.0-30.0), or obese (BMI >30.0).
f Smoked more than 100 cigarettes during lifetime.
) Men having more than 14 drinks per week and women having more than 7 drinks per week.
K During the past month, other than for your regular job, did you participate in any physical activities or exercises such as running, calisthenics, golf, gardening, or

walking for exercise.

: Separated, widowed, never married, a member of an unmarried couple.
m Geographic regions based on US Census (a detailed list of states included in each division is available at https://www2.census.gov/geo/pdfs/maps-data/maps/

reference/us_regdiv.pdf).
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Table 2. Characteristics of Respondents That Have Ever Been Diagnosed with Prediabetes (N = 63,567) or Diabetes (N = 215,441), Behavioral Risk Factor Surveil-
lance System, 2011-2015%

Characteristic General Population, % PValue® Prediabetes, % PValue® Diabetes, % PValue®
Survey year

2011 19.4 1.4 10.0

2012 20.9 3.3 10.4

2013 19.9 <.001 3.7 <.001 10.6 <.001
2014 20.5 4.8 10.8

2015 19.2 =° 10.9

Health Condition

Chronic condition

Arthritis® 26.0 <.001 43.6 <.001 49.3 <.001
Depressive disorder 17.7 <.001 27.5 <.001 26.1 <.001
Asthma 13.4 <.001 17.7 <.001 17.6 <.001
Cancer® 11.7 <.001 17.3 <.001 19.3 <.001
Cardiovascular disease’ 8.7 .002 15.4 <.001 25.3 <.001
Chronic obstructive pulmonary disease 6.6 <.001 12.7 <.001 14.1 <.001
(COPD)®

Kidney disease 2.7 <.01 3.7 <.001 8.9 <.001
Limited activityh 21.2 <.001 33.5 <.001 41.4 <.001
General health

Excellent, Very good 52.6 35.8 19.0

Good, Fair 42.7 .03 56.4 <.001 65.5 <.001
Poor 4.6 7.8 15.5

BMI

Underweight 1.7 0.9 0.6

Normal 33.2 <001 17.3 <001 13.7 <001

@ Values reflect weighted percentages affirmative for condition or behavior.

b Pvalues based on Pearson x2 test of association; significant at P < .05.

¢ Prediabetes prevalence for 2015 is not included because a large number of states did not report on prediabetes.

9 Ever been diagnosed with arthritis (eg, rheumatoid arthritis, gout, lupus, fiboromyalgia).

© Ever been diagnosed with any type of cancer.

" Ever been diagnosed with chronic heart disease, heart attack, or stroke.

€ Ever been diagnosed with COPD or pulmonary disease.

_h Limited in any way in any activity because of physical, mental, or emotional problems.

f Body mass index (BMI, kg/mz) is categorized as underweight (BMI <18.5), normal weight (BMI 18.5-24.9), overweight (BMI 25.0-30.0), or obese (BMI >30.0).
) Smoked more than 100 cigarettes during lifetime.

KMen having more than 14 drinks per week and women having more than 7 drinks per week.

: During the past month, other than for your regular job, did you participate in any physical activities or exercises such as running, calisthenics, golf, gardening, or
walking for exercise.

m Separated, widowed, never married, a member of an unmarried couple.

" Geographic regions based on United States Census (a detailed list of states included in each division is available at https://www2.census.gov,/geo/ pdfs/maps-
data/maps/reference/us_regdiv.pdf).

(continued on next page)
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(continued)

Table 2. Characteristics of Respondents That Have Ever Been Diagnosed with Prediabetes (N = 63,567) or Diabetes (N = 215,441), Behavioral Risk Factor Surveil-
lance System, 2011-2015%

Characteristic General Population, % PValue® Prediabetes, % PValue® Diabetes, % PValue®
Overweight 36.0 34.2 31.7
Obese 29.1 47.6 54.0
Lifestyle
Smokingj 43.7 <.001 52.6 <.001 52.7 <.001
Consume alcohol regularlyk 6.3 <.001 5.4 <.001 2.6 <.001
Exercise regularlyI 76.1 <.001 70.4 <.001 62.8 <.001
Demographics/socioeconomics

Military status
Veteran 12.2 16.1 18.7

<.001 <.001 <.001
Nonveteran 87.8 83.9 81.3
Education level
High school graduate or less 40.2 44.4 51.5

<.001 <.001 <.001
Some college and above 59.8 55.6 48.5
Marital status
Married 55.3 57.6 56.1
Never married 23.7 <.001 15.0 <.001 11.9 <.001
Other™ 21.0 27.3 32.1
Sex
Male 50.5 49.0 52.8

.19 <.001 <.001

Female 49.5 51.0 47.2
Race/ethnicity
White non-Hispanic 68.1 70.5 62.6
Black non-Hispanic 11.6 <.001 15.2 <.001 16.2 <.001
Hispanic 13.0 7.6 14.2

@ Values reflect weighted percentages affirmative for condition or behavior.

b Pvalues based on Pearson x2 test of association; significant at P < .05.

¢ Prediabetes prevalence for 2015 is not included because a large number of states did not report on prediabetes.

9 Ever been diagnosed with arthritis (eg, rheumatoid arthritis, gout, lupus, fiboromyalgia).

© Ever been diagnosed with any type of cancer.

" Ever been diagnosed with chronic heart disease, heart attack, or stroke.

€ Ever been diagnosed with COPD or pulmonary disease.

_h Limited in any way in any activity because of physical, mental, or emotional problems.

f Body mass index (BMI, kg/mz) is categorized as underweight (BMI <18.5), normal weight (BMI 18.5-24.9), overweight (BMI 25.0-30.0), or obese (BMI >30.0).
) Smoked more than 100 cigarettes during lifetime.

KMen having more than 14 drinks per week and women having more than 7 drinks per week.

: During the past month, other than for your regular job, did you participate in any physical activities or exercises such as running, calisthenics, golf, gardening, or
walking for exercise.

m Separated, widowed, never married, a member of an unmarried couple.

" Geographic regions based on United States Census (a detailed list of states included in each division is available at https://www2.census.gov,/geo/ pdfs/maps-
data/maps/reference/us_regdiv.pdf).

(continued on next page)
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(continued)

Table 2. Characteristics of Respondents That Have Ever Been Diagnosed with Prediabetes (N = 63,567) or Diabetes (N = 215,441), Behavioral Risk Factor Surveil-
lance System, 2011-2015%

Characteristic General Population, % PValue® Prediabetes, % PValue® Diabetes, % PValue®
Other 7.3 6.6 7.0

Income, $

<15,000 11.5 12.7 18.2

15,000 to <25,000 16.9 19.3 23.2

25,000 to <35,000 10.8 <.001 12.1 <.001 12.8 <.001
35,000 to <50,000 14.1 15.2 14.1

>50,000 46.6 40.6 317

Health care access

Consistent access to health provider 79.4 <.001 88.3 <.001 92.8 <.001
Annual health checkup 68.7 <.001 79.2 <.001 86.0 <.001
Age,y

18-34 27.1 115 43

35-49 26.1 22.3 16.0

50-64 28.1 <00t 38.6 <00t 40.1 <00t
265 18.7 27.6 39.6

Geographic region"

Midwest: East North Central division 16.1 16.5 15.9

Midwest: West North Central division 6.8 5.7 6.1

South: South Atlantic division 19.8 28.0 21.1

South: East South Central division 5.8 12.8 7.0

South: West South Central division 11.3 <.001 5.2 <.001 12.6 <.001
Northeast: New England division 4.7 4.7 3.9

Northeast: Middle Atlantic division 12.9 13.6 12.5

West: Mountain division 7.1 6.2 6.1

West: Pacific division 15.6 7.4 14.8

@ Values reflect weighted percentages affirmative for condition or behavior.

b pvalues based on Pearson )(2 test of association; significant at P < .05.

¢ Prediabetes prevalence for 2015 is not included because a large number of states did not report on prediabetes.

9 Ever been diagnosed with arthritis (eg, rheumatoid arthritis, gout, lupus, fiboromyalgija).

® Ever been diagnosed with any type of cancer.

f Ever been diagnosed with chronic heart disease, heart attack, or stroke.

€ Ever been diagnosed with COPD or pulmonary disease.

_h Limited in any way in any activity because of physical, mental, or emotional problems.

f Body mass index (BMI, kg/m2) is categorized as underweight (BMI <18.5), normal weight (BMI 18.5-24.9), overweight (BMI 25.0-30.0), or obese (BMI >30.0).
) Smoked more than 100 cigarettes during lifetime.

KMen having more than 14 drinks per week and women having more than 7 drinks per week.

: During the past month, other than for your regular job, did you participate in any physical activities or exercises such as running, calisthenics, golf, gardening, or
walking for exercise.

™ Separated, widowed, never married, a member of an unmarried couple.

" Geographic regions based on United States Census (a detailed list of states included in each division is available at https://www2.census.gov/geo/ pdfs/maps-
data/maps/reference/us_regdiv.pdf).

The opinions expressed by authors contributing to this journal do not necessarily reflect the opinions of the U.S. Department of Health and Human Services,
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Table 3. Logistic Regression Model and Estimate of Maximum Likelihood for Prediabetes and Diabetes, Adjusting for Health Conditions, Lifestyle, and Demograph-
ics, Behavioral Risk Factor Surveillance System, 2011-2015

Prediabetes Max

Characteristic Prediabetes AOR (95% ClI) Diabetes AOR (95% Cl) Likelihood Diabetes Max Likelihood
Survey year
2011 1 [Reference]
2012 2.43 (2.29-2.58) 1.03 (1.00-1.07) 4.44 0.15
2013 2.71(2.56-2.87) 1.03 (1.00-1.07) 4.89 0.15
2014 3.48 (3.30-3.67 1.05 (1.02-1.09) 6.18 0.25
2015 2 1.05 (1.02-1.09) 2 0.25
Health Condition
Chronic condition
Arthritis® 1.20 (1.16-1.24) 1.04 (1.02-1.07) 0.97 0.22
Depressive disorder 1.36 (1.31-1.41) 1.11 (1.08-1.14) 1.44 0.50
Asthma 1.14 (1.09-1.20) 1.10 (1.06-1.13) 0.56 0.38
Cancer® 1.10 (1.05-1.14) 0.94 (0.91-0.96) 0.36 -0.25
Cardiovascular disease® 1.06 (1.01-1.10) 1.56 (1.52-1.60) 0.19 1.53
Chronic obstructive pulmonary disease 1.13 (1.07-1.20) 0.92 (0.88-0.95) 0.38 -0.27
(COPD)®
Kidney disease 0.84 (0.78-0.91) 1.97 (1.88-2.06) -0.34 1.35
Limited activityf 1.08 (1.04-1.13) 1.07 (1.05-1.10) 0.40 0.35
General health
Excellent, Very Good 1 [Reference]
Good, Fair 1.38 (1.33-1.43) 2.89 (2.81-2.97) 1.94 6.44
Poor 1.18 (1.09-1.27) 4.78 (4.56-5.01) 0.42 4.04
BMI®
Underweight 0.96 (0.82-1.13) 0.69 (0.60-0.80) -0.06 -0.59
Normal 1 [Reference]

Abbreviations: AOR, adjusted odds ratio; Cl, confidence interval.
@ Prediabetes prevalence for 2015 is not included because of large number of states not reporting on prediabetes.
® Ever been diagnosed with arthritis (eg, rheumatoid arthritis, gout, lupus, fiboromyalgija).

¢ Ever been diagnosed with any type of cancer.

9 Ever been diagnosed with chronic heart disease, heart attack, or stroke.
© Ever been diagnosed with COPD or pulmonary disease.

f Limited in any way in any activity because of physical, mental, or emotional problems.
g Body mass index (BMI, kg/mz) is categorized as underweight (BMI <18.5), normal weight (BMI 18.5-24.9), overweight (BMI 25.0-30.0), or obese (BMI >30.0).
_h Smoked more than 100 cigarettes during lifetime.
f Men having more than 14 drinks per week and women having more than 7 drinks per week.
) During the past month, other than for your regular job, did you participate in any physical activities or exercises such as running, calisthenics, golf, gardening, or

walking for exercise.

K Separated, widowed, never married, a member of an unmarried couple.
: Geographic regions based on United States Census (a detailed list of states included in each division is available at https://www2.census.gov/geo/pdfs/maps-

data/maps/reference/us_regdiv.pdf).

(continued on next page)
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(continued)

Table 3. Logistic Regression Model and Estimate of Maximum Likelihood for Prediabetes and Diabetes, Adjusting for Health Conditions, Lifestyle, and Demograph-
ics, Behavioral Risk Factor Surveillance System, 2011-2015

Prediabetes Max

Characteristic Prediabetes AOR (95% ClI) Diabetes AOR (95% Cl) Likelihood Diabetes Max Likelihood

Overweight 1.61 (1.54-1.68) 1.77 (1.71-1.83) 2.79 3.36

Obese 2.47 (2.36-2.58) 3.66 (3.55-3.78) 5.04 7.24

Lifestyle

Smokingh 1.13 (1.10-1.17) 1.02 (1.00-1.05) 0.75 0.14

Consume alcohol regularlyi 1.02 (0.96-1.10) 0.55 (0.51-0.58) 0.07 -1.82

Exercise regularly 1.04 (1.00-1.08) 0.91 (0.88-0.93) 0.19 -0.52
Demographics/socioeconomics

Military status

Veteran 1.08 (1.04-1.13) 1.07 (1.04-1.11) 0.32 0.29

Nonveteran 1 [Reference]

Education level

High school graduate or less 1 [Reference]

Some college and above 1.02 (0.99-1.06) 0.99 (0.96-1.01) 0.13 -0.09

Marital status

Married 1 [Reference]

Never married 0.96 (0.91-1.02) 1.00 (0.96-1.04) -0.22 -0.01

Other" 0.98 (0.95-1.02) 0.95 (0.92-0.97) -0.08 -0.26

Sex

Male 1 [Reference]

Female 1.01 (0.98-1.05) 0.79 (0.77-0.81) 0.08 -1.48

Race/ethnicity

White non-Hispanic 1 [Reference]

Black non-Hispanic 1.14 (1.08-1.20) 1.47 (1.42-1.52) 0.52 1.51

Hispanic 0.84 (0.78-0.92) 1.51 (1.45-1.58) -0.70 1.71

Abbreviations: AOR, adjusted odds ratio; Cl, confidence interval.
@ Prediabetes prevalence for 2015 is not included because of large number of states not reporting on prediabetes.
® Ever been diagnosed with arthritis (eg, rheumatoid arthritis, gout, lupus, fiboromyalgija).

¢ Ever been diagnosed with any type of cancer.

9 Ever been diagnosed with chronic heart disease, heart attack, or stroke.
© Ever been diagnosed with COPD or pulmonary disease.

f Limited in any way in any activity because of physical, mental, or emotional problems.
g Body mass index (BMI, kg/mz) is categorized as underweight (BMI <18.5), normal weight (BMI 18.5-24.9), overweight (BMI 25.0-30.0), or obese (BMI >30.0).
_h Smoked more than 100 cigarettes during lifetime.
f Men having more than 14 drinks per week and women having more than 7 drinks per week.
) During the past month, other than for your regular job, did you participate in any physical activities or exercises such as running, calisthenics, golf, gardening, or

walking for exercise.

K Separated, widowed, never married, a member of an unmarried couple.
: Geographic regions based on United States Census (a detailed list of states included in each division is available at https://www2.census.gov/geo/pdfs/maps-

data/maps/reference/us_regdiv.pdf).

(continued on next page)
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(continued)

Table 3. Logistic Regression Model and Estimate of Maximum Likelihood for Prediabetes and Diabetes, Adjusting for Health Conditions, Lifestyle, and Demograph-
ics, Behavioral Risk Factor Surveillance System, 2011-2015

Prediabetes Max

Characteristic Prediabetes AOR (95% ClI) Diabetes AOR (95% Cl) Likelihood Diabetes Max Likelihood
Other 1.38 (1.29-1.48) 1.61 (1.52-1.71) 1.03 1.53
Income, $

<15,000 1 [Reference]
15,000 to <25,000 1.09 (1.02-1.16) 0.91 (0.88-0.95) 0.38 -0.44
25,000 to <35,000 1.11(1.04-1.19) 0.83(0.79-0.86) 0.40 -0.73
35,000 to <50,000 1.10(1.03-1.18) 0.75 (0.71-0.78) 0.42 -1.26
>50,000 1.01(0.95-1.08) 0.66 (0.63-0.69) 0.09 -2.57
Health care access

Consistent access to health provider 0.81(0.76-0.86) 0.53 (0.51-0.56) -1.06 -3.13
Annual health checkup 0.82(0.79-0.86) 0.54 (0.53-0.56) -1.13 -3.47
Age,y

18-34 1 [Reference]
35-49 1.61 (1.50-1.73) 2.91(2.73-3.11) 2.56 5.77
50-64 2.23(2.08-2.39) 6.21 (5.82-6.62) 4.42 10.08
>65 2.28 (2.12-2.46) 9.46 (8.85-10.1) 3.95 10.75
Geographic regionI

Midwest: East North Central division 1 [Reference]
Midwest: West North Central division 0.85 (0.79-0.90) 0.99 (0.96-1.03) -0.51 -0.03
South: South Atlantic division 1.43(1.36-1.51) 1.05 (1.02-1.09) 1.76 0.26
South: East South Central division 2.13(2.01-2.26) 1.10(1.05-1.14) 2.17 0.26
South: West South Central division 0.46 (0.42-0.50) 1.12 (1.07-1.17) -3.02 0.44
Northeast: New England division 1.03(0.97-1.07) 0.94 (0.91-0.98) 0.07 -0.16
Northeast: Middle Atlantic division 1.07 (1.00-1.14) 0.97 (0.93-1.01) 0.27 -0.14
West: Mountain division 0.96 (0.90-1.03) 1.01 (0.97-1.05) -0.12 0.03
West: Pacific division 0.51 (0.48-0.54) 1.08 (1.03-1.13) -3.01 0.33

Abbreviations: AOR, adjusted odds ratio; Cl, confidence interval.
@ Prediabetes prevalence for 2015 is not included because of large number of states not reporting on prediabetes.
® Ever been diagnosed with arthritis (eg, rheumatoid arthritis, gout, lupus, fibromyalgija).

¢ Ever been diagnosed with any type of cancer.

d Ever been diagnosed with chronic heart disease, heart attack, or stroke.
® Ever been diagnosed with COPD or pulmonary disease.

fLimited in any way in any activity because of physical, mental, or emotional problems.
g Body mass index (BMI, kg/m2) is categorized as underweight (BMI <18.5), normal weight (BMI 18.5-24.9), overweight (BMI 25.0-30.0), or obese (BMI >30.0).
_h Smoked more than 100 cigarettes during lifetime.
f Men having more than 14 drinks per week and women having more than 7 drinks per week.
) During the past month, other than for your regular job, did you participate in any physical activities or exercises such as running, calisthenics, golf, gardening, or

walking for exercise.

K Separated, widowed, never married, a member of an unmarried couple.
: Geographic regions based on United States Census (a detailed list of states included in each division is available at https://www2.census.gov/geo/pdfs/maps-

data/maps/reference/us_regdiv.pdf).
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Abstract

Introduction

From 2012 through 2014, the US Preventive Services Task Force
(USPSTF) recommended biennial mammography for women aged
50 to 75 and recommended against the prostate specific antigen
(PSA) test for men of any age, emphasizing informed decision
making for patients. Because of time constraints and other patient
health priorities, health care providers often do not discuss bene-
fits and risks associated with cancer screening. We analyzed the
association between seeking information online about breast and
prostate cancer and undergoing mammography and PSA screen-
ing.

Methods

We assessed guideline concordance in mammogram and PSA
screening, according to USPSTF guidelines for those at average
risk for disease. We used data on 4,537 survey respondents from
the National Cancer Institute’s Health Information National
Trends Survey (HINTS) for 2012 through 2014 to assess online
information-seeking, defined as whether people searched for can-
cer-related information online in the past 12 months. We used
HINTS data to construct multivariable logistic regression models
to isolate the effect of exposure to online information on the incid-
ence of cancer screening.

Results

After controlling for available covariates, we found no significant
association between online information-seeking and guideline-
concordant screening for breast or prostate cancer. Significant co-
variate values suggest that factors related to access to care were
significantly associated with conformance to mammography
guidelines for women recommended for screening and that physi-
cian discussion was significantly associated with nonconformance
to guidelines for prostate-specific antigen screening (ie, having a
PSA test in spite of the recommendation not to have it). Decom-
position of differences between those who sought online informa-
tion and those who did not indicated that uncontrolled con-
founders probably had little effect on findings.

Conclusion

We found little evidence that online information-seeking signific-
antly affected screening for breast or prostate cancer in accord-
ance with USPSTF guidelines among people at average risk.

Introduction

Most cancer screening guidelines incorporate informed decision
making as a required element (1-3). To qualify as informed de-
cision making, people must be aware of their cancer risk and dis-
cuss the benefits and possible harms of screening with their health
care provider (4). Despite the emphasis on the value of informed
decision making in guidelines issued by the US Preventive Ser-
vices Task Force (USPSTF) and other organizations, studies show
that few people with average risk for cancer are aware of the ongo-
ing debate about the potential harms associated with some types of
cancer screening and may overestimate benefits and underestim-
ate potential risks (5—7). Some studies show that interventions at
clinics, with decision aids such as questionnaires and counseling,
can increase patient understanding of potential harms of screening
and may facilitate discussion between patients and their health
care providers (7-11). However, little is known about how people
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at average risk acquire screening-related information and if and
how they use this information in discussions with their providers
to arrive at a screening decision.

To characterize the patient-centered issues surrounding informed
decision making, we examined the relationship between online in-
formation-seeking and adherence to USPSTF recommendations
for breast cancer and prostate cancer screening. USPSTF recom-
mends that women aged 50 to 75 and at average risk for breast
cancer undergo mammography screening every 2 years (3) and re-
commends against screening average-risk men with the prostate-
specific antigen (PSA) test (during the 2012-2014 timeframe rel-
evant to this study) (1). We hypothesized that people who en-
gaged in online information-seeking would be more likely to ad-
here to USPSTF screening recommendations and that such in-
formation could be used to improve online information-seeking
and informed decision making about cancer screening.

Methods

Data source

We conducted a secondary analysis of 3 years of cross-sectional
data from the Health Information National Trends Survey
(HINTS) for 2012 through 2014. HINTS is a nationally represent-
ative survey, administered annually by the National Cancer Insti-
tute since 2003, that collects information on the American public’s
use of cancer- and health-related information. Paper questionnaire
surveys were mailed to 38,065 households. The HINTS sampling
frame is a stratified random sample grouped by US region and by
concentration of racial/ethnic minority populations. A detailed de-
scription of sampling strategies and methodology can be found on
the HINTS website (https://hints.cancer.gov/dataset.aspx). We col-
lected data on 4,537 respondents, 2,067 men and 2,470 women.
We included all non-Hispanic whites and non-Hispanic blacks
(specifying a 2-level indicator variable accordingly), but excluded
other racial/ethnic groups (eg, Hispanics) because of small sample
sizes. Black men have a higher risk of prostate cancer than white
men, and black women have a lower risk of being diagnosed with
breast cancer than white women but a higher risk of dying from
the disease (12,13). We included people aged 40 to 75, because
our study focused on people at average risk for breast and prostate
cancer; people under age 40 are at lower risk for breast and pro-
state cancer (12,13). People with a previous history of cancer were
excluded because cancer survivors are subject to different screen-
ing protocols than those at average risk.

Measures

Breast and prostate cancer screening. Women who responded to
HINTS were asked whether they had had a mammogram and
when they had their most recent one. Because USPSTF recom-
mends mammography every 2 years, women aged 50 to 75 who
said they received their last mammogram within the past 2 years
were classified as compliers. Women younger than 50 who re-
ceived a mammogram were classified as non-compliers. (1,14).
Men were asked if they ever had a PSA test. Respondents who
said yes were classified as noncompliers to the screening
guideline. A dichotomous variable was created for each analytic
sample to categorize respondents as compliers and noncompliers.

Online information-seeking. Online information-seeking was as-
sessed by using measures of how people search for cancer-related
information. HINTS asks respondents whether they search for can-
cer-related information. They are also asked to identify the source
they went to first in searching for cancer-related information. We
categorized respondents as online information seekers (seekers) if
they reported using the Internet as their primary source of inform-
ation the last time they looked for cancer-related information, or as
non-online seekers (nonseekers) if they answered no to using the
Internet or reported using any source other than the Internet when
they most recently searched for cancer-related information.

Covariates in the model. Covariates included in the analyses were
age, general health, physician discussion, race, marital status, edu-
cation, income, occupation, family cancer history, usual source of
care, health insurance, number of physician visits in the past year,
and health locus of control. Physician discussion refers to whether
respondents’ physicians discussed whether respondents should or
should not have a PSA test or whether respondents should or
should not have a mammogram. Health locus of control refers to
respondents’ perception of their ability to control their likelihood
of having cancer (15). Respondents were asked to rate their con-
trol over their chance of having cancer on a Likert scale from 1 to
4 with 1 being least likely and 4 being most likely. All covariates
were self-reported.

Statistical analysis

We calculated descriptive statistics for variables of interest for the
total sample stratified by sex (male and female), which effectively
grouped respondents into those at risk for breast cancer or for pro-
state cancer. Each sample was split again into groups by recom-
mended age criteria. Women respondents were divided into 2
groups: one recommended for cancer screening (50 y to <75 y)
and one not recommended for screening on the basis of the age
criteria of the USPSTF guideline, which does not recommend
screening for women younger than 50. Men were in one group be-
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cause the guideline in effect during our study recommended
against routine PSA screening regardless of age. Both samples
were constructed by using HINTS data from 2012 through 2014,
in light of the USPSTF guideline for prostate cancer screening re-
leased in 2012 and the guideline for breast cancer screening re-
leased in 2009.

Our statistical analyses had 2 main components. First, we used
multivariable logistic regression analysis to examine the relation-
ship between guideline-adherent screening behavior and online in-
formation-seeking, controlling for available covariates that might
moderate this relationship. Second, we used the Peters—Belson de-
composition analysis approach to explore the robustness of our
initial findings in relation to the possible omission of unobserved
factors that could account for differences in screening behavior
between online seekers and nonseekers.

The Peters—Belson method, also known as the Blinder—Oaxaca de-
composition, has been used in economics to look at unexplained
variation in outcome variables among different groups, such as
wage differences between whites and blacks (16). The Peters—Bel-
son method, as applied here, seeks to investigate and quantify the
extent to which the difference in screening rates between seekers
and nonseekers can be attributed to online information-seeking.
The key difference from the logistic regression model (and a con-
tribution to the analysis) is that this method quantifies the effect of
unmeasured variables on the differences in screening rates
between online information seekers and non-online seekers (17).
The difference in screening rates between seekers and nonseekers
can be decomposed into the part explained by the covariates (ex-
plained variation) and the part not explained by the covariates (un-
explained variation), by estimating a model for only the seekers
and then measuring how well the model fits for the nonseekers
(17). If we let Observed,., and Observed,,_scckc D€ proportions of
screening rates (observed in the data) for seekers and nonseekers,
we can define the difference in screening rates between seekers
and nonseekers, expressed as A (17)

A = Observed,. — Observed,on_seek

The analysis first fitted a logistic regression model for seekers for
breast and prostate cancer screening. Covariate values for non-
seekers were then inserted into the model to estimate the level of
difference in screening behavior between seekers and nonseekers
(16). Thus, Expected,o,-scek 1S defined as the proportion of non-
seekers predicted to have engaged in screening had they been on-
line (that is, if their screening behavior had been in accordance
with the model estimated for seekers). The difference in observed
screening rates between seekers and nonseekers can be rewritten
as:

A = Observed., — Observed,o,.scck = (Observed,.o — Expected,q,,.
seek) + (EXpeCtednon—seek - Observednon—seek)

The difference between the observed and the expected proportion
for nonseekers is a measure of the extent to which the model es-
timated for seekers does not account for the behavior of non-
seekers. In the same way, the percentage of variation in the screen-
ing behavior of nonseekers that can be explained by the model es-
timated for seekers can be defined as (17):

Explained % = [(Observed,.. — Expected,ongeer) / A 1 * 100

This unexplained portion represents the net influence of factors
not available for inclusion in our analyses that could serve to ex-
plain differences in screening behavior between seekers and non-
seekers. All analyses were performed in Stata Version 14 (Stata-
Corp LLC) and SAS Version 9.4 (SAS Institute Inc) and incorpor-
ated sampling weights to account for the complex survey design
elements of the data, nonresponse bias, and sampling bias. The
study was approved by the Emory University Institutional Review
Board.

Results

In our sample of 4,537 HINTS respondents, 1,297 (29.0%) were
seekers, and 3,240 (71.0%) were nonseekers. Among men, 911
(44%) reported being guideline adherent (ie, did not get a PSA
test). Among women younger than 50 (ie, those for whom USP-
STF does not recommend mammography screening), 216 (33%)
reported having mammograms; for women for whom USPSTF re-
commends mammography (ie, those aged 50 y to <75 y), 1,426
(79%) reported guideline adherence. For all 3 groups, seekers had
higher screening rates than nonseekers.

Not adjusting for the influence of covariates, we found a strong as-
sociation between online information-seeking and cancer screen-
ing. Male seekers were more likely to be nonadherent (ie, to get a
PSA test) than nonseekers. Their likelihood of reporting having a
PSA test was strongly related to online information-seeking (P =
.001). For women aged 50 to 75, the likelihood of having a mam-
mogram, and thus being guideline adherent, was also related to
online information-seeking (P = .047), as well as for women
younger than 50 for whom USPSTF does not recommend mam-
mography (P =.03). Female seekers were more likely to get mam-
mograms than nonseekers, regardless of recommendation (Table

D).

After adjusting for covariates, we found no significant relation-
ship between online information-seeking and guideline adherence
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in breast and prostate cancer screening (Table 2). Guideline non-
adherence in PSA screening (ie, having a PSA test) was signific-
antly associated with education and physician discussion. Men
with higher education or who had discussion about PSA screening
with their physicians were less likely to be guideline adherent.

For women overall, having a physician office visit in the past year
was positively associated with having a mammogram regardless of
whether they were in the age group recommended for screening.
Among women recommended for breast cancer screening, age, in-
come, race, and general health were significantly associated with
higher odds of guideline adherence. For black women, having an
income at or above $100,000 and health reported as excellent,
very good, good, or fair were positively associated with receiving
a mammogram. For women not recommended for breast cancer
screening (40 y to <49 y), age was positively associated with re-
ceiving a mammogram.

In decomposition analysis for the logistic regression model (Table
3), the total observed difference in screening rates between seekers
and nonseekers was significantly different for each of the 3
groups. The largest difference in screening rates between seekers
and nonseekers was among men (9.9%) followed by women
younger than 50 (8.8%) and women aged 50 to 75 (6.0%). Overall,
most of the differences in screening rates between seekers and
nonseekers were explained by the estimated coefficients (from the
model estimated for seekers only). For men, two-thirds of the dif-
ference was explained by the estimated coefficients. For women, a
higher percentage of differences, 82.95% for those not recommen-
ded for screening and 85% for those recommended, was ex-
plained by the model estimated for seekers only. Peters—Belson
analyses indicated that most of the differences in screening rates
between seekers and nonseekers are accounted for by the estim-
ated models.

Discussion

Online information-seeking is not significantly associated with ad-
herence to USPSTF guidelines after adjusting for multiple factors.
This finding is in contrast with a past study that found a signific-
ant positive association between online information-seeking and
screening rates for the recommended groups, and is of interest be-
cause an increasing number of people in the general population ac-
cess the Internet for health-related information (19,20). The logist-
ic regression analyses results we report provide insight into how
other individual or environmental factors appear to be associated
with screening decisions.

For women recommended for breast cancer screening, the key
factor influencing receipt of a mammogram appears to be indi-
vidual-level factors and barriers. Women recommended for mam-

mography who had better health status, had a higher annual in-
come, and visited their physician in the past year were signific-
antly more likely to be guideline adherent. For non-recommended
women, those who visited their physician in the past year were
significantly less likely to be guideline adherent. These results are
in line with an earlier study that that identified factors and barriers
for adherence in breast cancer screening (18).

For men, physician discussion and education level were signific-
antly and positively associated with having PSA screening. Our
analyses identified 2 types of men most likely to be screened:
those with high education levels who actively seek preventive ser-
vices and those whose source of information is solely their physi-
cians.

Additional analyses with the Peters—Belson method provide estim-
ates of how well our logistic regression models performed by
quantifying the level of unexplained differences in screening rates
between seekers and nonseekers. The decomposition results
showed that 33.3% of the difference in PSA screening between
seekers and nonseekers was not explained by the covariates in the
model estimated for seekers only. For women not recommended
for mammography and those recommended, 17.05% and 15.00%
of the differences in mammogram rates, respectively, were not ex-
plained by their corresponding logistic regression models. The
smaller unexplained percentages in differences for mammography
than for PSA testing indicate that covariates in the model accoun-
ted for higher portions of differences in mammography rates
between seekers and nonseekers than those in PSA screening
rates.

The y* tests for the unadjusted association, the logistic regression
analyses, and the Peters—Belson analyses for the association
between online information-seeking and screening and the decom-
position results indicate that a large portion of differences in
screening rates derive from individual or physician-related factors
rather than online information-seeking. The results indicate that
online information-seeking itself does not have a clear effect on
screening decisions; rather, factors such as physician visits are sig-
nificantly associated with screening. Past studies have shown that
decision aids and physician-initiated screening discussion signific-
antly influence patient decision making, but to a varying degree
for different individuals (8—11,14). In our analyses, physician dis-
cussion seemed to be a significant factor for PSA screening, but
not for receipt of a mammogram. The number of physician visits
was a significant factor for having a mammogram, but not for PSA
testing.

It is therefore important to have tailored interventions for people at
average risk to maximize the benefits of screening. For prostate
cancer, physician discussion seems to be the key driver in the PSA
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decision making process, as indicated in our study and previous
studies (21,22). Physicians should also discuss risks of screening
to adequately inform their patients. For breast cancer, a physician
visit seems to be the key factor in receiving a mammogram,
whether guidelines recommend screening or not. For those recom-
mended for screening, it may be important to ensure that these wo-
men regularly visit their physicians for preventive services. For
women not recommended for screening in USPSTF guidelines,
physicians should inform their patients about both the benefits and
risks of mammography. Although resources, including physician
time, are limited and other treatment priorities for patients com-
pete, our study and past findings indicate physician encounters are
key to delivering guideline-adherent care (8,11,14).

Our study has several limitations. Receipt of mammograms and
PSA tests are self-reported in HINTS and therefore subject to er-
ror. In addition, we could not identify the intensity of online in-
formation-seeking or the source of information. There may be dif-
ferences in the effects of online information-seeking as a function
of both the quantity and quality of information identified. Vari-
ations in frequency of online searching and in the information’s
scientific quality could influence screening decisions in ways that
HINTS cannot capture. We also could not capture and control for
variations in cancer risk levels for the individuals included in the
study, because of the absence of information in HINTS on clinical
factors and family history regarding cancer. The respondent’s un-
derlying risk status is therefore an uncontrolled factor in the ana-
lyses; however, the decomposition analyses indicate that unmeas-
ured factors play a limited role in explaining the differences in
screening rates between seekers and nonseekers.

Finally, it is important to note that a new draft of the USPSTF re-
commendation for PSA screening was published in early 2017; for
men aged 55 to 69, the previous recommendation against PSA
screening was changed to a new recommendation that physicians
inform patients of potential benefits and harms of screening (22).
Because our study analyzed data from 2012 to 2014, the new re-
commendation does not influence the findings reported here.
However, it will be of considerable interest to see whether this
change spurs greater online information-seeking among men about
prostate cancer and a stronger connection between such informa-
tion-seeking and having a PSA test, given the emphasis on in-
formed decision making.
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Tables

Table 1. Demographic Characteristics, Respondents (N = 4,537) to Health Information National Trends Survey Regarding Prostate Specific Antigen (PSA) Test and
Mammography Screening, 2012-2014

Women, Mammography Not

Men, PSA Test? Recommended® Women, Mammography Recommended?
Not Screened, Screened, Not Screened, Screened, Not Screened, Screened,
Characteristic N=911 N=1,156 PValue N =216 N = 440 PValue N =388 N =1,426 PValue
Seeks cancer-related information online
Yes 37 63 17 83 27 73
.001 .05 .03
No 46 54 23 77 37 63
Age, y (mean, SD) 49.94 (0.28) 57.86 (0.39) NA 44.05 (0.30) 44.97 (0.18) NA 59.36 (0.55) 60.20 (0.22) NA
General health
Excellent 45 55 30 70 16 84
Very good 46 54 41 59 17 83
Good 54 46 .06 31 69 .36 26 74 <.001
Fair 58 42 28 72 31 69
Poor 63 37 39 61 45 55
Physician discussion®
Yes 12 88 31 69 24 76
<.001 .20 A4
No 85 15 37 63 22 78
Race®
White 51 49 33 67 24 76
.79 .20 .01
Black 50 50 42 58 15 85
Marital status
Single 59 41 36 64 29 71
Living with a 48 52| 005 34 66 72 19 81| 003
spouse or partner
Education
<High school 69 31 44 56 29 71
graduate
High school 63 37 56 44 21 79
graduate .001 .002 .004
Some college 47 53 31 69 29 71
Undergraduate 41 59 25 75 14 86
degree or more
Annual income, $
<14,999 71 29 41 59 31 69
15,000-34,999 52 48 001 33 67 26 36 64 001
35,000-49,999 54 46 38 62 27 73

& According to US Preventive Services Task Force Recommendations, 2012-2014. Values are percentages unless otherwise indicated.
b Physician discussed benefits and risks of screening with the patient.

€ Only non-Hispanic whites and blacks were included to capture race as a risk factor.
9 Health locus of control refers to one's perception of ability to control the likelihood of cancer (18).

(continued on next page)
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(continued)

Table 1. Demographic Characteristics, Respondents (N = 4,537) to Health Information National Trends Survey Regarding Prostate Specific Antigen (PSA) Test and
Mammography Screening, 2012-2014

Women, Mammography Not

Men, PSA Test® Recommended® Women, Mammography Recommended®
Not Screened, Screened, Not Screened, Screened, Not Screened, Screened,

Characteristic N =911 N =1,156 PValue N =216 N =440 PValue N =388 N=1,426 PValue
50,000-99,999 48 52 33 67 14 86
>100,000 43 57 23 77 6 94
Employment
Employed 55 45 35 65 21 79

.002 .93 .59
Unemployed 43 57 34 66 23 7
Family history of cancer
Yes 49 51 30 70 21 79

.02 .09 17

No 51 49 43 57 28 72
Usual source of health care
Yes 45 55 30 70 18 82

.001 .04 .001
No 64 36 44 56 37 63
Health insurance
Yes 48 52 31 69 19 81

.004 .10 .001
No 62 38 44 56 35 65
No. physician visits in past year
None 67 33 66 34 60 40
1 53 47 34 66 22 78
2 45 55 38 62 13 87

.001 <.001 <.001
3 39 61 24 76 16 84
4 51 49 41 59 18 82
>5 44 56 18 82 17 83
Health locus of control®
Strongly agree 64 36 33 67 34 66
Somewhat agree 59 41 39 61 26 74

.002 91 .08
Somewhat disagree 51 49 34 66 23 7
Strongly disagree 44 56 33 67 18 82

@ According to US Preventive Services Task Force Recommendations, 2012-2014. Values are percentages unless otherwise indicated.
b Physician discussed benefits and risks of screening with the patient.

€ Only non-Hispanic whites and blacks were included to capture race as a risk factor.
9 Health locus of control refers to one’s perception of ability to control the likelihood of cancer (18).
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Table 2. Analyses of the Likelihood of Guideline Adherence, Respondents (N = 4,537) to Health Information National Trends Survey Regarding Prostate Specific An-
tigen (PSA) Test and Mammaography Screening, 2012-2014

PSA Test, OR (95% ClI) Mammography, OR (95% CI)
Characteristic Men, 40-75 Years Women, 40-49 Years Women, 50-75 Years
Seeks cancer-related information online
Yes 0.61(0.31-1.21) 0.80 (0.33-1.90) 1.16 (0.63-2.11)
No 1 [Reference] 1 [Reference] 1 [Reference]
Physician discussion®
Yes 0.027° (0.016-0.046) 0.74 (0.46-2.23) 0.73 (0.46-1.17)
No 1 [Reference] 1 [Reference] 1 [Reference]
Age 0.91" (0.88-0.94) 0.84 (0.71-0.98) 1.06° (1.02-1.10)
General health
Excellent 1.54 (0.31-7.70) 0.87 (0.076-9.86) 6.39° (1.73-23.66)
Very good 1.59 (0.36-7.04) 0.76 (0.066-8.76) 4.54° (1.47-13.96)
Good 1.79(0.42-7.67) 0.46 (0.043-4.90) 3.01 (0.90-10.08)
Fair 1.41 (0.24-8.27) 0.40 (0.037-4.32) 2.28 (0.76-6.87)
Poor 1 [Reference] 1 [Reference] 1 [Reference]
Race®
White 1 [Reference] 1 [Reference] 1 [Reference]
Black 0.70 (0.33-1.46) 1.46 (0.66-3.26) 2.44° (1.32-4.51)
Marital status
Single 0.78 (0.37-1.62) 1.02 (0.38-2.76) 0.80 (0.49-1.32)
Living with a partner 1 [Reference] 1 [Reference] 1 [Reference]
Education
<High school 1 [Reference] 1 [Reference] 1 [Reference]
High school graduate 0.59 (0.24-1.47) 4.38 (0.38-50.97) 0.81 (0.33-2.04)
Some college 0.24° (0.12-0.48) 1.84 (0.24-13.87) 0.53 (0.22-1.29)
>College 0.27°(0.11-0.66) 1.10 (0.12-9.91) 0.62 (0.19-2.00)
Annual income, $
<14,999 1 [Reference] 1 [Reference] 1 [Reference]
15,000-34,999 0.76 (0.30-1.96) 0.31 (0.086-1.15) 0.77 (0.42-1.42)
35,000- 49,999 0.61 (0.20-1.89) 0.60 (0.14-2.59) 1.05 (0.51-2.16)
50,000- 99,999 0.56 (0.16-1.98) 0.48 (0.07-3.36) 2.69 (0.97-7.46)
>100,000 0.58 (0.18-1.91) 0.33 (0.033-3.22) 5.48" (1.53-19.67)
Employment
Employed 1.24 (0.70-2.19) 1.10 (0.28-4.37) 1.33(0.77-2.29)
Unemployed 1 [Reference] 1 [Reference] 1 [Reference]

Abbreviations: Cl, confidence interval; OR, odds ratio.

@ Physician discussed benefits and risks of screening with the patient.

® Denotes significance at P=.05.

¢ Only non-Hispanic white and blacks were included to capture race as a risk factor.

9 Health locus of control refers to one's perception of ability to control the likelihood of cancer (18).

(continued on next page)
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(continued)

Table 2. Analyses of the Likelihood of Guideline Adherence, Respondents (N = 4,537) to Health Information National Trends Survey Regarding Prostate Specific An-
tigen (PSA) Test and Mammaography Screening, 2012-2014

PSA Test, OR (95% Cl)

Mammography, OR (95% CI)

Characteristic

Men, 40-75 Years

Women, 40-49 Years

Women, 50-75 Years

Family cancer history

Yes 1 [Reference] 1 [Reference] 1 [Reference]
No 1.15 (0.76-1.73) 1.77 (0.72-4.36) 0.66 (0.40-1.07)
Usual source of care

Yes 1.14 (0.60-2.17) 0.72 (0.35-1.47) 1.58 (0.99-2.53)
No 1 [Reference] 1 [Reference] 1 [Reference]

Health insurance

Yes

0.97 (0.26-3.67)

0.55(0.18-1.74)

1.40 (0.88-2.23)

No

1 [Reference]

1 [Reference]

1 [Reference]

No. physician visits in past year

None 1 [Reference] 1 [Reference] 1 [Reference]
1 0.97 (0.26-3.67) 0.16" (0.045-0.59) 7.35° (3.40-15.89)
2 0.74 (0.30-1.86) 0.27° (0.09-0.79) 10.67° (4.51-25.24)
3 0.54 (0.20-1.47) 0.19° (0.035-0.99) 9.37° (4.31-20.36)
4 1.06 (0.334-3.29) 0.29" (0.083-1.03) 7.78" (2.97-20.40)
25 0.67 (0.23-1.98) 0.11° (0.029-0.38) 12.62° (5.09-31.28)

Health locus of control®

Strongly agree

1.94 (0.60-6.31

0.52(0.10-2.71

0.89 (0.36-2.21

Somewhat agree

1.14 (0.65-2.02

1.06 (0.40-2.79

0.82 (0.47-1.42

Somewhat disagree

Strongly disagree

)
)
0.88 (0.50-1.56)
]

1 [Reference

)
)
1.00 (0.49-2.03)
]

1 [Reference

)
)
0.82(0.52-1.29)
]

1 [Reference

Abbreviations: Cl, confidence interval; OR, odds ratio.

& Physician discussed benefits and risks of screening with the patient.

P Denotes significance at P=.05.

¢ Only non-Hispanic white and blacks were included to capture race as a risk factor.

9 Health locus of control refers to one’s perception of ability to control the likelihood of cancer (18).
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Table 3. Peters-Belson Decomposition Results, Respondents (N = 4,537) to Health Information National Trends Survey Regarding Prostate Specific Antigen (PSA)
Test and Mammography Screening, 2012-2014

PSA Mammogram
Men, 40-75 Years Women, 40-49 Years Women, 50-75 Years
Variable Coefficient (95% Cl) % of A Coefficient (95% CI) % of A Coefficient (95% Cl) % of A
Total A between seekers and 9.92 (4.68 t0 15.16) NA 8.82 (1.99 to 15.64) NA 6.00 (1.56 to 10.45) NA
nonseekers®
Explained partb 6.94 (2.24 10 11.63) 66.67 7.30(3.33t0 11.26) 82.95 5.15 (2.93 to 7.36) 85.71
Unexplained part® 2.98 (-0.66 to 6.62) 33.33 1.52 (-4.93to 7.97) 17.05 0.86 (-3.5t05.17) 14.29

Abbreviations: A, difference in screening rates; Cl, confidence interval; NA, not applicable.

@ Seeker is a person who searches the Internet for cancer-related information; nonseeker is a person who does not.

b Proportion of differences in screening rates attributable to online information-seeking.
¢ Unexplained variation in differences in screening rates.
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Abstract

Introduction

Regular medical checkups indicate a patient’s level of adherence
to health care treatment, and the frequency of cancelled appoint-
ments or no-shows can indicate adherence. This study investig-
ated the use of health care services by men and women and its im-
pact on the control of their type 2 diabetes.

Methods

This study observed 100 patients with type 2 diabetes aged 45
years or older who lived in Ventura County, California, during
January 1, 2015, to January 31, 2016. The data were collected by
Magnolia Family Medical Center. A Pearson y* test compared dif-
ferences between men and women in whether they received a
glycated hemoglobin A, (HbA.) test in previous 6 months, a
low-density lipoprotein cholesterol test in previous year, and a ret-
inal examination in previous year. A Wilcoxon signed-rank test
compared attendance to medical appointments and HbA . values
for men and women.

Results

Women had a higher rate of scheduling, cancelling or reschedul-
ing, and showing up to their medical appointments than did men,
and men had a higher median HbA |, value than did women; all the
Wilcoxon signed-rank tests showed a significant difference (P <
.001). None of the y” tests were significant.

Conclusion

Although men and women had similar health care services for dia-
betes, men had less control of their disease and took less advant-
age of medical appointments than did women.

Introduction

The prevalence of type 2 diabetes increased from 1980 through
2014 (1). Dieting, exercising, attending regular medical check-ups,
and screenings may prevent or control such disease (2). Regular
medical checkups indicate a patient’s level of adherence to health
care treatment, and the frequency of cancelled appointments or no-
shows can indicate adherence. Several screenings, such as retinal
examinations and laboratory work for glycated hemoglobin A,
(HbA,.) and low-density lipoprotein (LDL) cholesterol, are re-
commended for proper diabetes care and disease prevention (3).

HbA . measurements are used to observe the patient’s blood gluc-
ose level. The higher the HbA ., the more sugar is found attached
to the red blood cells; HbA . should be less than 5.7% (3). People
with diabetes have an HbA . of 6.5% or higher (3). LDL choles-
terol is a measurement of low-density lipid to determine the risk of
developing heart disease. Patients are at a higher risk of heart dis-
eases if they have diabetes and have high levels of LDL cholester-
ol (3). A retinal examination, or a funduscopy, checks for eye dis-
eases. Uncontrolled diabetes can lead to diabetic retinopathy (3).
According to American Diabetes Association’s Standards of Med-
ical Care in Diabetes, HbA |, measurements should be done at least
once every 6 months, LDL cholesterol measurements should be
done at least once every 5 years, and retinal examinations should
be done at least once every 2 years (3). If patients are taking stat-
ins to lower blood pressure, the frequency of LDL cholesterol
measurements depends on the physician and patient (3). Patients
with any levels of diabetic retinopathy should have retinal examin-
ations at least once every year (3).

Proper treatments are done after an individual has had diabetes
diagnosed. Preventing or slowing the progression of such disease
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depends ultimately on the patient. This is a health issue because a
disease can progress without early detection, proper diagnosis,
treatment, and full commitment of the patient.

Several factors in a person’s life can create difficulties in diabetes
prevention and control, including the level of adherence to recom-
mended schedules of medical care services. Shalev et al and
Kriamer et al have found significant difference between men and
women and their use of medical care (4,5). However, both studies
were generalizable to individuals outside of the United States.
Vaidya et al found that women used preventive care more fre-
quently (6); however, they did not observe patients already dia-
gnosed with diabetes. Bertakis et al found that women used health
care services more often than did men (7). However, that study ex-
amined data on all health care services, including those that may
not pertain to men.

The objective of my study was to determine whether differences
exist between men and women in the control of diabetes and the
use of medical appointments.

Methods

The study cohort was patients with type 2 diabetes aged 45 years
or older who lived in Ventura County, California, and were regu-
larly checked for diabetes care at Magnolia Family Medical Cen-
ter. I obtained the data from Magnolia Family Medical Center with
the approval of the medical director. The Quality Improvement
and Research: Spreading Effective and Efficient Diabetes Care
(QIR/SEED) department of Magnolia Family Medical Center col-
lected data from the clinic’s electronic health records system,
Cerner (Cerner Corporation), through Cerner’s Explorer Menu ap-
plication. The Explorer Menu application produced a report of pa-
tients with a Systematized Nomenclature of Medicine—Clinical
Terms (SNOMED-CT) problem code of 197763012, which was a
diagnostic code for diabetes mellitus 2 in Cerner. The application
was then used to identify all patients with that SNOMED-CT code
who were aged 45 years or older and who came into the clinic
with an appointment during January 1, 2015, to January 31, 2016.
The report included data on patient demographics, diagnoses, his-
tory, primary care provider name, and appointments.

With the report generated by the Explorer Menu, QIR/SEED col-
lected data on patients who had diagnoses of hypertension or hy-
perlipidemia and who did not have anemia. QIR/SEED screened
out patients who were not regular patients of Magnolia Family
Medical Center and who were seen only for a nonprovider ap-
pointment. Because of the time involved in gathering information
for each patient, the first 50 men and 50 women who fit the criter-

ia from a stratified random sample were included in the study. The
study focused on the 100 patients’ medical activities from January
1, 2015, to January 31, 2016.

Demographic variables analyzed were age (45-54, 55-64, and >65
years), race/ethnicity (Asian, black/African American, other or
more than 1 race, white Hispanic, and white non-Hispanic), and
sex. The racial/ethnic distribution of this sample was compared
with that of Ventura County, which is 84.5% white Hispanic and
non-Hispanic (8). Patient appointment data analyzed were the
number of no-shows, number of cancelled or rescheduled appoint-
ments, and total number of appointments. Show-up rates were cal-
culated by subtracting the number of no-shows from the number
of total appointments. Laboratory data for HbA . and LDL choles-
terol were reviewed and noted as to whether they were outdated,
up to date, or not done. Retinal examination status was noted as to
whether the examinations were outdated, up to date, could not be
performed, or the patient had never had one. If the patient did not
get their HbA | test done within 6 months of their last HbA  test
during the study period, their HbA . status was recorded as out-
dated. Similarly, retinal examinations and LDL cholesterol tests
that were not done within 1 year from the last examination during
the study period were recorded as outdated. The number of can-
celed and rescheduled appointments were recorded to observe the
patients’ commitment to medical appointments concerning dia-
betes. The number of no-shows is the number of times a patient
had an appointment and failed to show up. The total number of ap-
pointments scheduled included no-shows and kept appointments
during the study’s timeframe.

Patients’ names, addresses, medical record numbers, date of birth,
and any identifying factors were excluded from the data analyzed.
Medical record numbers were changed to a random value from 1
to 100 to protect the patients’ identities. Factors such as insurance
coverage, transportation, jobs, and family commitments were not
considered in the study because they are extrinsic factors. Also not
recorded was time since a patient received a diagnosis of diabetes.
Medication adherence was measured through the patients’ verbal
responses to their physician’s questions about whether or not they
were taking their medications; to avoid the limitations associated
with self-reported data, data on medication adherence were ex-
cluded from the study. A letter of exemption from National Uni-
versity’s institutional review board was obtained to investigate
these data.

RStudio (RStudio) was used to analyze and interpret the data. In
RStudio, box plots were produced to check for outliers and visual-
ization of any possible differences. The box plots were also used
for analyzing the distribution of the data set. A Pearson > test
compared differences between men and women in whether they
received an HbA test in previous 6 months, an LDL cholesterol
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test in previous year, and a retinal examination in previous year.
The 7 test was also used to examine whether these variables were
dependent on each other. A Wilcoxon signed-rank test was per-
formed on sex versus total appointments scheduled, appointments
cancelled or rescheduled, rate of showing up, and HbA,_ values.
The Wilcoxon signed-rank test was also used to observe any dif-
ferences between the medians for men and women. The level of
significance used for both the y? test and Wilcoxon signed-rank
test was a = .05.

Results

Of 100 patients in this study, 7 were Asian, 2 were black/African
American, 45 were white non-Hispanic, 32 were white Hispanic,
and 3 were other or more than 1 race. Only data on the white non-
Hispanic and white Hispanic groups were analyzed because the
other 3 groups had small numbers. This racial/ethnic distribution
is similar to that of the Ventura County population. Eighty-eight
percent of the white non-Hispanic group had an outdated HbA
test, 45.1% had an outdated LDL cholesterol test, and 66% had an
outdated retinal examination. In the white Hispanic group, 86.5%
had an outdated HbA, test, 56.8% had an outdated LDL choles-
terol test, and 68.6% had an outdated retinal examination.

Of the 100 patients, 36% were aged 45 to 54 years (21 men and 15
women), 44% were aged 55 to 64 years (23 men and 21 women),
and 20% were aged 65 years or older (6 men and 14 women). The
range for HbA . values for women was 5.2 to 12, with an outlier
of 12. The range for HbA |, values for men was 5.8 to 12, with no
outliers. The range of total appointments for women was 15 to 118
and for men was 6 to 58; for women, 118 was an outlier, and for
men 58 was an outlier. The range of values for showing up to an
appointment for women was 16 to 116 and for men was 6 to 58;
for women, 116 was an outlier, and for men 58 was an outlier. The
range of values for cancelled or rescheduled appointments for wo-
men was 5 to 57 and for men was 3 to 19; 57 was an outlier for
women, and there was no outlier for men.

During January 1, 2015, to January 31, 2016, most men (76%) and
most women (70%) had had at least 1 HbA |, test done within 6
months (Table). HbA,, tests were outdated for 18% of men and
30% of women. Most men (90%) and most women (84%) had had
an LDL cholesterol test within the previous 6 months; 8% of wo-
men and 10% of men had an outdated LDL cholesterol test. At
least 1 retinal examination had been recorded in the past year for
62% of men and 56% of women; 18% of the men and 16% of the
women had not had a retinal examination in the past year. Sixteen
percent of men and 26% of women had an outdated retinal exam-

ination. No significant associations were found between sex and
whether or not patients received any of these services within the
designated time frame.

Men had a higher HbA . median than did women (Table). The me-
dian of appointments that men showed up for was 14.0, while for
women the median was 23.5 (P <.001). Women had a higher me-
dian of cancelled or rescheduled appointments than men did (P <
.001) and a higher median number of total appointment than men
did (P < .001). Therefore, differences between use of appoint-
ments by men and women and their median HbA |, values were
significant (Table).

Discussion

This study found a difference in the control of diabetes as well as
the use of medical appointments between men and women. Simil-
ar results were observed in studies by Bertakis et al, Legato et al,
Grant et al, and Singh-Manoux et al (7,9—11). Each study sugges-
ted a difference between the prevalence of diseases, including dia-
betes, between men and women. Comparable to the findings of
Shalev et al, the results of this study also found that women had
more scheduled appointments than did men (4).

Men and women at Magnolia Family Medical Center were
provided similar health care services and recommendations; such
services included getting retinal examinations, complying with
schedules for receiving laboratory tests, and showing up to their
medical appointments. However, women had better control of
their blood glucose levels. Thus, making sure both sex groups had
up-to-date blood work and retinal examinations did not guarantee
that both sex groups had similar diabetes control.

My study has a few strengths. For instance, the study solely fo-
cused on a population with a medical condition; thus, the study
was specific. I did not collect the data; hence, no researcher-gener-
ated data-collection biases could affect the outcome. The study
also had a long time frame of 1 year. Data were not collected from
surveys, but rather through physician documents, laboratory re-
ports, retinal examination reports, and scheduling reports. Thus,
no biases could result from patient self-report or me.

This study also has limitations. The data collected were from a
clinic; therefore, some outliers were found. Clinic providers had
different data entry techniques; thus, some data may not have been
collected. Because the data were collected through a computer-
ized system that generated reports entered by people, data entry er-
rors and other human errors limit the accuracy of the data. The
study did not include data on the length of time that patients had
had a diabetes diagnosis, and the findings are pertinent only to the
population of patients with diabetes at Magnolia Family Medical
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Center. Another limitation was the population size. The study ex-
amined data only for patients with type 2 diabetes who had hyper-
tension or hyperlipidemia and who were taking similar medica-
tions. The study focused only on patients regularly seen by their
primary care provider in Magnolia Family Medical Center. A big-
ger population size should be considered for future studies. The
study was also biased toward recording appointments made with
Magnolia Family Medical Center only. Other clinic appointments
should be recorded for future studies.

Conclusions drawn from this observation are generalizable only to
the population in the study. This study solely observed individuals
with type 2 diabetes and focused on the population with diabetes
at 1 clinic in Ventura County, California. The observations did not
show an association between regular checkups and a decreased
gap between proper diabetes care in both sex groups. Although the
medical treatments of the men did not differ from those of the wo-
men, men had less control of their disease; thus, sex-specific med-
ical treatments and health education should be investigated.
Moreover, when treating men with type 2 diabetes, a care pro-
vider and health professional must stress the importance of con-
trolling blood glucose levels and health care utilization. Further
studies should also investigate what causes men to have less con-
trol of their blood glucose levels. For a generalizable study, factors
such as medication adherence, types of insurance and coverage,
the length of time since type 2 diabetes was diagnosed, age at
which type 2 diabetes was diagnosed, and race/ethnicity should be
included. Other extrinsic factors should be included because they
may influence behaviors related to keeping appointments and
compliance with medical treatments.

Overall, men were found to have lower rates of cancelling or res-
cheduling a medical appointment; however, they also had a lower
rate of showing up to their appointments. Regardless of men and
women having similar rates of getting their blood work and
screening for retinal examinations, men were still found to have a
significantly higher HbA ;. median compared with women. There-
fore, even when both sex groups were provided similar health care
services for diabetes, men still had less control of their diabetes.
This study will contribute to improving care for diabetes patients
and will encourage care managers to work closely with their pa-
tients.
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Table

Table. Use of Health Care Services Among 100 Patients With Diabetes Aged 45 Years or Older Regularly Seen at Magnolia Family Medical Center, Ventura County,
California, January 1, 2015, to January 31, 2016

Sex
Variable Population Male Female PValue®
HbA, , value, median 7.2 7.4 6.8 <.001%
Total no. of appointments, median 21.5 16.0 25.5 <.001?
No. of appointments showed up for, median 18.5 14.0 23.5 <.001?
No. of cancelled or rescheduled appointments, median 7.0 6.0 11.5 <.001%
Had HbA,, test within previous 6 months, n (%)
Yes 73 (73) 38 (76) 35 (70)
Not done 3(3) 3(6) 0 99°
No 24 (24) 9(18) 15 (30)
Had low-density lipoprotein cholesterol test within previous year, n (%)
Yes 87 (87) 42 (84) 45 (90)
Not done 4(4) 3(6) 1(2) 54°
No 9(9) 5(10) 4(8)
Had retinal examination within previous year, n (%)
Yes 59 (56) 31(62) 28 (56)
Not done 17 (17) 9 (18) 8 (16) 63"
Not applicable® 3(3) 2 (4) 1(2)
No 21(21) 8 (16) 13 (26)

Abbreviation: HbA 4, glycated hemoglobin A4.

@ Based on Wilcoxon signed-rank test where & = .05.

b Based on Pearson x2 test of association where o = .05.

¢ Patients not able to obtain a retinal examination because of blindness or surgery (which would mean the patient's care was being handled by an ophthalmologist
and the patient would most likely have received a retinal examination).
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Abstract

Introduction

Cancer-related fatigue (CRF) is the most uncomfortable symptom
among women with a history of breast cancer. Black women are
more likely than women of other racial/ethnic groups to have CRF
risk factors, such as physical inactivity and obesity, yet CRF stud-
ies have not focused on black women. We conducted a cross-sec-
tional analysis to assess CRF and physical activity among black
women survivors of breast cancer.

Method

In May and July of 2012, 267 members (mean age, 54 y) of the
Sisters Network, Inc, completed an online survey of sociodemo-
graphic characteristics, medical characteristics, and physical activ-
ity, and a fatigue instrument (the Functional Assessment of Chron-
ic Illness Therapy [FACIT]). Multiple linear regression assessed
fatigue and physical activity compliance (ie, 150 minutes of mod-
erate to vigorous physical activity per week).

Results

Participants had an average FACIT score of 32.3, Fatigue was
greater (P <.001) among the 56% of women not meeting physical
activity guidelines. In multivariable analysis, correlates of fatigue
showed that physical activity compliance (B = 3.20, P <.001) and
older age group (50-59 y: p=3.98, P=.001;>60y,: =3.76, P=

.003) were associated with less fatigue. The interaction between
age and fatigue was also significant: mean differences in fatigue
by physical activity level were obvious only among women
younger than 50 years. (P <.001).

Conclusion

Physical activity compliance was associated with a lower level of
fatigue. However, the effect of physical activity on fatigue may
differ by age. Interventions aimed at curbing CRF in black wo-
men should consider age-appropriate strategies that can be integ-
rated into existing lifestyles.

Introduction

Cancer-related fatigue (CRF) is considered the most uncomfort-
able symptom experienced by women with a history of breast can-
cer, a population that in 2015 exceeded 3.1 million in the United
States (1,2). Compared with fatigue experienced by women
without a cancer history, CRF is chronic and is not relieved by
rest. Approximately 25% of breast cancer survivors experience
CREF that persists for 10 years or more after an initial breast can-
cer diagnosis (3—5). CRF disrupts work, sleep, and social relation-
ships, contributing to deficits in quality of life (1,3).

Correlates of CRF are a high body mass index (BMI), adjuvant ra-
diation therapy, time elapsed since treatment completion, breast
cancer recurrence, and comorbid conditions such as diabetes and
cardiovascular disease (3,6—8). CRF prevalence may be higher in
younger women than older women with a history of cancer (9—14).
Physical activity is a mitigating factor for CRF (7,15-17).

Disparities in CRF may exist. Black women in particular may ex-
perience greater levels of CRF than women of other racial/ethnic
groups because of several factors. Black women may undergo ag-
gressive treatment regimens needed to treat late-onset cancers
(black women are more likely than women of other races to be
diagnosed with late-stage breast cancer) and difficult-to-treat can-

The opinions expressed by authors contributing to this journal do not necessarily reflect the opinions of the U.S. Department of Health
and Human Services, the Public Health Service, the Centers for Disease Control and Prevention, or the authors’ affiliated institutions.

www.cdc.gov/pcd/issues/2017/17_0128.htm « Centers for Disease Control and Prevention 1


www.cdc.gov/pcd/issues/2017/17_0128.htm
https://doi.org/10.5888
www.cdc.gov/pcd/issues/2017/17_0128.htm

PREVENTING CHRONIC DISEASE

PUBLIC HEALTH RESEARCH, PRACTICE, AND POLICY

VOLUME 14, E122
NOVEMBER 2017

cers (eg, estrogen-receptor-negative or triple negative tumors)
(18). In addition, black women are more likely than women of oth-
er racial/ethnic groups to be inactive (ie, to engage in <150 min/
wk of moderate-intensity physical activity), to be overweight be-
fore starting treatment, and to gain more weight during treatment
(19-22). These factors may place black women at increased risk
for aggressive treatments, which can exacerbate CRF (22). Few
studies have examined factors that may protect black women
against CRF.

The objective of this study was to examine the relationship
between physical activity and CRF in black women with a history
of breast cancer. We hypothesized that women engaging in recom-
mended physical activity levels would report lower levels of fa-
tigue than women who were less active. We also hoped to determ-
ine factors that put black women at risk for CRF.

Methods

Sample

The study sample was drawn from the Sisters Network Inc, the
largest black/African-American breast cancer survivorship organ-
ization in the United States. Participants were recruited in May,
June, and July 2012 via multiple emails and by posting of an-
onymous links to our survey on social media blog sites affiliated
with the Sisters Network. The potential reach of the email mes-
sages was 16,000 members in the Sisters Network database, which
includes approximately 3,800 breast cancer survivors and about
12,100 black women without a history of breast cancer. Links pos-
ted on Facebook, the Sisters Network social network site, and
Twitter were sent to approximately 6,800 women. A total of 525
of a possible 3,800 breast cancer survivors responded to our web-
based study. All surveys for this cross-sectional study were com-
pleted by using Survey Monkey, a web-based platform that allows
investigators to create surveys, perform routine updates, and man-
age survey responses. Inclusion criteria were 1) receiving a dia-
gnosis of invasive operable breast cancer, 2) being aged 18 to 80
years at the time of the survey, 3) receiving a diagnosis of stage I
to stage III C breast cancer, and 4) consenting to the web-based
survey administration. Details on identification and recruitment of
these women were published previously (20,21). Institutional re-
view board approval was obtained from the University of Texas
MD Anderson Cancer Center before data collection. We also ob-
tained approval to analyze these data from the University of
Alabama and the University of North Texas Health Science Cen-
ter institutional review boards. All participants were treated in
compliance with ethical standards. Informed consent was ob-
tained from all participants.

Measures

Cancer-related fatigue (CRF). The fatigue outcome variable was
reported as a score on the Functional Assessment of Chronic I11-
ness Therapy (FACIT) fatigue scale (Version 4). The FACIT fa-
tigue scale is a validated 13-item self-report measure of the level
of fatigue experienced during usual daily activities over the past 7
days. The scale consists of statements on level of fatigue, such as
“I feel fatigue,” “I feel weak all over,” and “I feel tired,” rated on a
Likert-type response scale (0 = very much fatigued to 4 = not at all
fatigued). Positively worded items were reverse scored. The score
was calculated by summing the individual item scores for each
participant, multiplying by 13, and dividing by the number of
questions answered. Higher scores indicated less fatigue, with a
score range of 4 to 52. The mean score for a similar age-matched
population of women in the United States is 40 (23). We used the
fatigue scale to accurately capture fatigue characteristics of black
women in the United States with a history of breast cancer.

Physical activity compliance. Physical activity compliance was as-
sessed via a self-administered survey instrument designed for the
Women’s Health Initiative (20,23). The instrument consists of 9
items that assesses recreational walking and light, moderate, and
vigorous physical activity by measuring frequency and duration of
physical activity. Estimates of metabolic equivalents (METs) for
physical activity were calculated separately for light (METs <3.0),
moderate (METs = 3.0-5.9), and vigorous (METs >6.0) activities.
A variable was also created for moderate to vigorous physical
activity (METs >3.0), which was then used to create a dichotom-
ous variable (meeting or not meeting physical activity guidelines)
based on a cutoff of 10.0 MET hours per week, which equaled ap-
proximately 150 minutes per week of moderate-paced walking or
the equivalent of other physical activity durations and intensities.
The cutoff used in this study was consistent with the current
guidelines of the Centers for Disease Control and Prevention for
physical activity (24). We opted to use evidence-based guidelines
rather than continuous physical activity because the guidelines of-
fer a standard that could be used to compare those meeting a clin-
ically meaningful threshold of physical activity, thus, allowing our
results to be compared with other studies of physical activity and
CRF.

Demographic and treatment factors. Participants self-reported their
age in years, height in inches, and weight in pounds. Employment
status was reclassified as “working for pay” if the participant re-
ported working outside the home even if they were retired or “not
working for pay” if the participant was unemployed or was retired.
Age was reclassified into 3 roughly proportional groups (<50 vy,
50-59 y, and >60 y). Additionally, study participants self-repor-
ted the following treatment-related factors: age at diagnosis (in
years), number of years since treatment completion, cancer stage
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(I-IIIC), cancer recurrence, and type of primary and adjuvant can-
cer treatments received (surgery, chemotherapy, radiation therapy,
or hormone therapy). Age at the time of study and years since
treatment were only moderately correlated (r = 0.44), so both were
retained. Participants reported other chronic conditions (comorbid-
ities), including diabetes, high cholesterol, osteoporosis, high
blood pressure, and arthritis. Number of comorbidities were tabu-
lated on the basis of the count of comorbid conditions that parti-
cipants indicated. Participants who self-reported never smoking or
having quit smoking were classified as “current non-smoker.” In-
come was separated into 7 categories: less than $20,000, $20,000
to $34,999, $35000 to $49,999, $50,000 to $64,999, $65,000 to
$79,999, $80,000 to $99,999, and $100,000 or more. Age at can-
cer diagnosis was coded as number of years since breast cancer
diagnosis, and education was coded as high school diploma or any
college degree (bachelor’s degree or higher).

Statistical analysis

Data were cleaned and analyzed using Stata version 13 (StataCorp
LLC). We examined sociodemographic, lifestyle, and cancer dia-
gnosis and treatment characteristics by physical activity compli-
ance level by using t tests, ¥ tests, and analysis of variance tests.
With continuous FACIT score as the outcome, stepwise selection
determined the final set of variables in the linear regression ana-
lysis. Variables with more than 5% of missing data on income, age
at cancer diagnosis, and education were excluded from analysis.
We included an interaction term to test for moderation by age cat-
egory. Then we generated an interaction plot to explore the rela-
tionship between physical activity and fatigue by age categories.
Significance was set at P < .05 with a 2-sided test.

Results

Of 3,800 possible participants, 525 initiated the study, 307 com-
pleted the survey, and 267 had sufficient data on the variables
used in this analysis. The mean FACIT score was 32.3, (Table 1).
Participants in the sample were on average aged 54 years, had a
mean BMI of 30.4 kg/m?, which is considered obese, and had 1
comorbidity. Most participants worked for pay, did not smoke,
were diagnosed with breast cancer at Stage II or higher, and had
undergone adjuvant chemotherapy or adjuvant radiation; just un-
der half received hormone therapy. The mean time since treat-
ment completion was 7 years, and 16% had a recurrence. Com-
pared with those not meeting physical activity guidelines (n =
150), participants meeting physical activity guidelines (n = 117)
were significantly more likely to have higher FACIT scores (P >
.001), to be younger (P = .02); to have lower BMI (P = .007); to
have fewer comorbidities (P = .009); and had more time since
completion of cancer treatment (P =.04).

The multiple linear regression model suggested that FACIT scores
were 3.2 points higher for those meeting physical activity
guidelines than for those not meeting guidelines (P <.001). Addi-
tionally, FACIT scores were about 4 points higher each for those
aged 50 to 59 years (P<.001) and 60 years or older (P =.03) than
for those younger than 50 years (Table 2). Another demographic
factor significantly associated with FACIT score was employment
status. Participants currently working for pay had on average a 2-
point higher FACIT score than those not working for pay (P =
.03). No other factors were significantly associated with CRF.
However, without age in the model, more years since treatment
was significantly associated with less fatigue, suggesting that age
at time of study accounted for some of the variance associated
with years since treatment and FACIT scores.

Age had a significant interaction with adherence to physical activ-
ity guidelines (P < .001). The relationship between FACIT score
and physical activity compliance varied by age group (Figure). For
participants aged under 50 years, those who met physical activity
guidelines had higher FACIT scores. Among women aged 50
years or older, the relationship between physical activity and fa-
tigue was not significant. Overlapping confidence intervals of pre-
dictive margins for each age category showed no difference
between the upper 2 age categories (5059 y: confidence interval
[CI], 2.02-5.95; >60 y: CI, 1.33-6.19).

40 —

‘ B Aged <50y [E Aged 50-59 y [ Aged 260 y

35 +

30

25 —

20 —

FACIT Fatigue Score

Does Not Meet Physical Activity Standards Meets Physical Activity Standards

Figure 1. Relationship between FACIT (Functional Assessment of Chronic
lliness Therapy) fatigue scores and physical activity, by age, among black
female breast cancer survivors in the United States. Higher scores indicate
less fatigue, with a score range of 4 to 52. The mean score for a similar age-
matched population of women in the United States is 40 (23). Physical activity
was assessed by a dichotomous (yes/no) variable: does not meet physical
activity guidelines/meets physical activity guidelines.
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Discussion

Meeting physical activity guidelines was associated with less CRF
in this analysis of black women with a history of breast cancer.
However, this association was most robust for women aged less
than 50 years. As in previous studies (9-14), we found that older
women had less CRF than younger women, and we also found no
difference in fatigue score by physical activity level for women
over 50. Study results strengthen the evidence of an association
between fatigue and physical activity by age group and validate
this observation for black women. Results further suggest that
CRF may have more to do with a patient’s age than with how long
ago the patient underwent treatment. Although more information
is needed to clarify relationships for women older than 50 years,
our study results can inform the development of physical activity
interventions designed to remedy the consequences of CRF for
black women with a history of breast cancer.

The association between fatigue and physical activity was
strongest among women aged under 50 years, which may reflect
that younger women (ie, diagnosed before age 45 y) may have a
poorer prognosis because of greater likelihood of fast-growing,
high grade, and hormone-receptor—negative tumors (25), thereby
requiring more aggressive treatment. (Although we did not have
data on actual age at cancer diagnosis, women aged under 50 years
completing a survey for cancer survivors can be assumed to have
had cancer at an early age, because having a previous cancer dia-
gnosis was a prerequisite for study participation.) Having more ag-
gressive treatment may increase recovery time, which comprom-
ises regular physical activity habits (24) and could result in great-
er CRF. Furthermore, in black women breast cancer at a younger
age is often accompanied by comorbid conditions, high-dose
chemotherapy, physical inactivity, and abdominal obesity. The
combination of these factors may contribute to persistent mild to
severe fatigue. CRF may remain elevated as a result of residual ef-
fects on cardiac function from the aggressive treatment that is of-
ten required with early onset breast cancer, which often has a
stronger effect on the younger woman’s body and organ systems
than on women aged 50 years or older (26).

Another possible explanation is that women under age 50 have
unique demands on their time and resources that women over 50
do not and may have higher levels of CRF than older cancer sur-
vivors because of greater personal demands (ie, family and work)
or greater (unrealistic) expectations for energy (9—14). More life-
style stresses, such as demanding jobs, child care, or elder care
may contribute to higher levels of fatigue (27. Younger women
cite high social and environmental demands, such as working and
caring for children, as a barrier to physical activity, and these de-
mands are known to contribute to fatigue (9,28). These stresses

may be exacerbated when a woman is unemployed, which was a
significant factor in our sample. A possible reason is that fatigue
itself may lead to an inability to work or that stress associated with
lack of ability to work may contribute to fatigue. Thus, women
who do engage in physical activity may be balancing existing
stressors. Interventions that include educational and time-manage-
ment strategies may provide women with skills to integrate phys-
ical activity into existing tasks and may serve to reduce CRF.

Randomized trials have indicated that engaging in physical activ-
ity is consistently associated with lowering CRF (7,18-21). Young
female breast cancer survivors who engage in physical activity
may be doing so to lower their levels of CRF. However, not all di-
mensions of fatigue can be remedied by physical activity alone.
Fatigue may manifest itself differently in younger and older wo-
men. The impact of fatigue on learning and memory may be more
relevant for younger women, because they are still actively en-
gaged in the work force. Older women may not be bothered by or
are aware of memory challenges and are more concerned with fa-
tigue’s physical consequences (9). Younger women may also be at
higher risk for depressive symptoms, insomnia, anxiety, and fear
of recurrence than older breast cancer survivors (14). Thus, our
finding of no difference in the relationship between physical activ-
ity levels and fatigue for women aged over 50 years may indicate
that physical activity is not as effective a treatment for the kinds of
fatigue that women of this age experience. As a whole, this could
suggest that emotional challenges may drive higher fatigue levels
for younger women with a history of cancer. Physical activity
alone may not remedy that emotional fatigue. Because black wo-
men have a greater likelihood of experiencing adverse social con-
ditions, the compounding of physical and emotional fatigue may
be especially problematic over time for those experiencing cumu-
lative stress (29). Further research is warranted to address the co-
occurring roles of stress, fatigue, and depression in black women
with a history of breast cancer.

Our study has limitations. As a cross-sectional study, this analysis
does not establish a causal relationship between fatigue and phys-
ical activity or differentiate between the domains of physical fa-
tigue and emotional fatigue. For example, fatigue may cause
people to be less active, or physical activity may be used to de-
crease fatigue. To broaden the understanding of the directionality
of the associations, a longitudinal study design could be used.
Nevertheless, ours is a first step in identifying the relationship
between fatigue and physical activity for black women. Another
limitation is that we used self-reported data on fatigue, cancer his-
tory, and physical activity. Self-reported data may be subject to re-
call bias; however, the recall period for fatigue in the last 7 days is
relatively short, and self-report of breast cancer treatment factors
was validated as over 90% accurate (30). All respondents took the
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survey during the summer months of May, June, and July; thus, no
seasonal variation in physical activity was expected to be ob-
served. Future prospective studies could use objective measures of
fatigue and physical activity. Although several FACIT scales are
designed for breast cancer survivors, they focus on symptoms that
are present during active cancer treatment. For this reason, those
FACIT scales may not have been appropriate for this analysis of
women who are further out from treatment completion. Thus, we
used a general FACIT scale, which also allowed us to examine
how participants compare with a similar age-matched population
of women in the United States without cancer.

Our cross-sectional study explored the relationship between fa-
tigue and physical activity by age group among black women with
a history of breast cancer. Although the mean level of fatigue was
slightly greater in our sample than for a similar age-matched popu-
lation of women in the United States without cancer, women un-
der 50 who met physical activity guidelines had lower levels of fa-
tigue than those who did not meet physical activity guidelines.
These results offer a platform to further examine the relationship
of physical activity for black women younger than 50 years by us-
ing prospective and objective measures of fatigue and physical
activity. Given our results, black women with a history of breast
cancer may benefit from CRF interventions that offer physical
activity options that can be integrated into existing tasks and that
provide age-appropriate resources to address physical and emo-
tional fatigue.
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Tables

Table 1. Participant (N = 267) Characteristics, Study of Cancer-Related Fatigue and Physical Activity Among Black Female Breast Cancer Survivors in the United
States, Overall and by Not Meeting or Meeting Physical Activity Guidelines?, 2012

Characteristic Overall Sample (N = 267) Not Meeting Guidelines (n = 150) Meeting Guidelines (n = 117) PValue®
FACIT fatigue score®, mean (SD) 32.3(0.4) 30.7 (0.6) 34.2 (0.5) <.001
Age,y
<50 93 (35.0) 47 (31.0) 46 (39.0)

50-59 90 (34.0) 50 (33.0) 40 (34.0) .02
=60 84 (31.0) 53 (35.0) 31(26.0)

Body mass index (kg/m?), mean (SD) 30.4 (0.4) 31.3(0.5) 29.3(0.5) .007
Number of comorbidities, mean (SD) 1.3 (1.1) 1.5 (1.1) 1.1(1.1) .009
Working for payd 179 (67) 96 (64.0) 83 (70.9) .23
Current smoker 11 (4.1) 10 (6.7) 1(0.9) .10
Cancer stage at diagnosis
| 87 (32.6) 49 (32.7) 38 (32.5)

Il 131 (49.1) 75 (50.0) 56 (47.9) a7
I or IV 49 (18.4) 26 (17.3) 23(19.7)

Treatment type

Chemotherapy 186 (69.7) 105 (70.0) 82 (70.1) .90
Radiation 181 (67.8) 104 (69.3) 77 (65.8) .54
Hormone therapy 130 (48.7) 76 (50.7) 54 (46.2) 47
Years since treatment 7(1) 6(1) 7(1.0) .04
Recurrence 43(16.1) 9 (19.3) 4 (12.0) A1

Abbreviations: FACIT, Functional Assessment of Chronic lliness Therapy; SD, standard deviation.
@ Physical activities guidelines are from Centers for Disease Control and Prevention, current as of 2008 (24). Values are n (%) unless otherwise indicated. Percent-
ages may not sum to 100 because of rounding.
bx2 test was used to determine P values to test the difference between women who met physical activity guidelines and those who did not.
¢ Lower FACIT scores indicate more fatigue; scores below 30 indicate severe fatigue. The mean FACIT score in a similar age-matched population of US women

without cancer is 40 (23).

d Employed, or retired and working for pay.
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Table 2. Multiple Linear Regression of Fatigue Based on FACIT (Functional Assessment of Chronic lliness Therapy) Fatigue Score®, Participants (N = 267) in Study of
Cancer-Related Fatigue and Physical Activity Among Black Female Breast Cancer Survivors in the United States, YEAR

Variable B (SE) [95% ClI] PValue®
Physical activity® 3.20 (0.79) [1.62t0 4.77] <.001
Age, Y’

50-59 (n =90) 3.98 (0.99) [2.02 t0 5.95] <.001
260 (n = 84) 3.76 (1.23) [1.33 10 6.19] .003
BMI (kg/m?) -0.074 (0.07) [-0.21 to 0.06] .29
Number of comorbidities -0.73 (0.40) [-1.52 to 0.06] .07
Working for pay® 2.05 (0.91) [0.24 to 3.84] .03
Current smoker -0.39 (0.73) [-1.82 10 1.05] .59
Stagef

Stage Il 0.37 (0.91) [-1.43 t0 2.17] .68
Stage Ill and IV 0.44 (1.21) (-1.94 to 2.82] 71
Treatment

Chemotherapy -1.27 (0.94) [-3.12 t0 0.57] .18
Radiation -1.41(0.87) [-3.13 t0 0.31] A1
Hormone treatment 0.31(0.77) [-1.21 t0 1.83] .69
Years since treatment 0.12 (0.08) [-0.03 t0 0.27] 12
Recurrence -1.26 (1.12) [-3.46 t0 0.94] .26

& Lower FACIT scores indicate more fatigue.

bx2 test was used to determine P values to test the null hypothesis that the variable in question is not associated with a higher fatigue score.

¢ Reference is 1.0, not meeting physical activity guidelines of the Centers for Disease Control and Prevention (24).

9 Reference is <50 y (n=93).

¢ Employed, or retired and working for pay. Reference is unemployed/retired (1.0).

f Reference is stage .
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Abstract

Introduction

Children of alcoholic parents are at increased risk for lifetime de-
pression. However, little is known about how this risk may change
in magnitude across age, especially in mid-adulthood and beyond.

Methods

We used a nationally representative sample (N = 36,057) of US
adults from the National Epidemiologic Survey on Alcohol and
Related Conditions, wave III. After adjusting for demographic
characteristics, we examined the relationship between parental al-
coholism and outcomes of 1) major depressive disorder, Diagnost-
ic and Statistical Manual of Mental Disorders-5th edition (DSM-5)
and 2) DSM-5 persistent depressive disorder. To examine continu-
ous moderation of this relationship across participants’ age, we
used time-varying effect models.

Results

Parental alcoholism was associated in general with a higher risk
for both major depressive disorder (odds ratio [OR], 1.98, 95%
confidence interval [CI], 1.85-2.11; P < .001) and persistent de-
pressive disorder (OR, 2.28, 95% CI, 2.04-2.55; P<.001). The as-
sociation between parental alcoholism and major depressive dis-
order was stable and positive across age, but the association with
persistent depressive disorder significantly declined among older
adults; respondents older than 73 years old were not at increased
risk for persistent depressive disorder.

Conclusions

Findings from this study show that the risk of parental alcoholism
on depression is significant and stable among individuals of a
wide age range, with the exception of a decline in persistent de-
pressive risk among older adults. These findings highlight the im-
portance of screening for depression among adults with parental
alcoholism.

Introduction

Parental alcoholism has various negative physical, mental, and so-
cial consequences. Chief among these is depression; offspring of
alcoholics are at heightened risk of depressive mood symptoms
(1,2). The evidence for heightened depression among those ex-
posed to parental alcoholism is particularly strong among young,
college-aged adults (3,4).

Much of the research on the association between parental alcohol-
ism and depression focuses on the question of resilience among
adult children of alcoholics; that is, whether these individuals are
ever able to overcome the challenges of parental alcoholism. Al-
though some evidence suggests that older adults (those in their late
20s and early 30s) are more resilient than are young adults (those
aged 18 through their early 20s) (5), there is little research on the
effects of parental alcoholism among offspring of alcoholics in
mid- to late adulthood, making their longer-term resilience un-
known. Furthermore, the question of increased resilience at older
ages assumes that the magnitude of the effect of parental alcohol-
ism changes with increasing age; however, such age-varying ef-
fects have not yet been examined.

This study examined 1) the association between parental alcohol-
ism and lifetime outcomes of both major depressive disorder
(MDD) and persistent depressive disorder (PDD) among a full
range of adults after controlling for demographic characteristics
and 2) the age-varying effects of these associations (ie, how they
may change in strength across participants’ ages). We used data
from wave III of the National Epidemiologic Survey on Alcohol
and Related Conditions (NESARC-III), a large nationally repres-
entative data set.
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Methods

NESARC-III was sponsored, designed, and directed by the Na-
tional Institute on Alcohol Abuse and Alcoholism (NIAAA) and
conducted during 2012-2013. NESARC-III is a nationally repres-
entative sample of the civilian noninstitutionalized population of
the United States aged 18 years or older; it had a 61.1% response
rate and an original sample size of 36,309. The NIAAA collected
information via questionnaires on alcohol and drug use and dis-
orders, related risk factors, and associated physical and mental dis-
abilities on the basis of NIAAA’s Alcohol Use Disorder and Asso-
ciated Disabilities Interview Schedule. This study excluded re-
spondents with missing information on parental alcoholism; the fi-
nal sample size for this study was 36,057. We used existing data
from human participants in NESARC, and the study was ap-
proved by the University of North Dakota institutional review
board. We completed the final analyses in May of 2016.

Measures

Parental alcoholism

Parental alcoholism was based on the self-reported answer to the
question “Before you were 18, parent/other adult living in home
was a problem drinker/alcoholic?” as a binary response variable
(yes or no).

Depression

We analyzed 2 depressive disorders, lifetime MDD and lifetime
PDD, as separate outcomes. Each outcome was derived from de-
tailed self-reported responses to questionnaire items on the basis
of corresponding criteria from the Diagnostic and Statistical
Manual of Mental Disorders, 5th edition (DSM-5)(6). Briefly, life-
time MDD is characterized by one or more discrete episodes of at
least 2 weeks during which respondents had either a depressed
mood or a loss of interest in nearly all activities at some time dur-
ing their adult lives (6). Lifetime PDD is a milder but more chron-
ic form of depression and can be diagnosed when the mood dis-
turbance continues for at least 2 years at some time during an
adult’s life (6). Both MDD and PDD exclude mood or anxiety dis-
orders that are either substance-induced or due to a general medic-
al condition.

Demographic characteristics

Age and sex were self-reported. Race/ethnicity was self-reported
as white, black, Hispanic, American Indian, or Asian. Full-time
employment was self-reported as working 35 or more hours per
week or less than 35 hours per week.

Marital status was self-reported according to 6 response options,
which were re-categorized as currently married (ie, married or liv-
ing with someone as if married), not currently married (ie, wid-
owed, divorced, or separated), and never married.

Education was self-reported with 14 response levels ranging from
“no formal schooling” to “completed Master’s degree or higher,”
and we re-categorized these into 3 levels: less than a high school
diploma, high school diploma, and some college or more.

Annual household income was self-reported with 21 response cat-
egories ranging from less than $5,000 to $200,000 or more. We re-
coded these into a new numeric variable on the basis of midpoints
of each category up to level 20; level 21 (>$200,000) was recoded
as $250,000, which is approximately the median income among
households earning $200,000 or more (7).

Statistical analyses

We conducted weighted regressions using the statistical software
R (The R Foundation) and its survey package to examine the asso-
ciation between parental alcoholism and outcomes of MDD and
PDD, after adjusting for demographic characteristics.

We used time-varying effect models (TVEMSs), an extension of re-
gression modeling that allows coefficients to vary continuously
over time (8), to assess how the association between parental alco-
holism and depression outcomes varied across age of participants.
In other words, TVEMSs examine moderation across some continu-
ous measure of time (eg, historical time, age, time from event).
TVEMs are spline-based regression models, which estimate a
lower-order polynomial trend within equal intervals on the basis of
user-specified number of knots, k. On the basis of established
standards for this methodology (9), 10 knots were specified, and
P-spline estimation, which automatically finds the most parsimo-
nious model (k <10), was used. We ran separate logistic TVEM
models for outcomes of MDD and PDD after controlling for
demographic characteristics. Each model included a time-varying
intercept (to adjust for the overall prevalence of depression across
age) and the time-varying predictor of age (to examine continuous
moderation of the effect of parental alcoholism across ages). We
performed TVEM analyses in SAS 9.3 (SAS Institute Inc) using a
publicly available SAS macro (9), version 3.1.0. TVEM analyses
were interpreted with respect to 1) overall significance of the ef-
fect at a given value of age (ie, whether the confidence bands
overlap the odds ratio (OR) of 1.0), and 2) the change in the effect
across different ages (ie, whether the confidence bands exclude
each other at different ages). Although these methods of establish-
ing significance are more conservative than conventional signific-
ance tests, we did this because P values were available only for
time-invariant covariates.
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Results

Approximately 23% of respondents (n = 8,407) reported parental
alcoholism. Respondents who reported parental alcoholism were
significantly more likely than adults who did not report parental
alcoholism to meet DSM-5 criteria for both MDD (29.6% vs
17.7%, P < .001) and PDD (9.3% vs 4.4%, P < .001) (Table).
People who reported parental alcoholism were slightly but signi-
ficantly younger (mean age, 44.8 y vs 45.9 y, P < .001); were
more likely to be female (59.4% vs 55.4%, P < .001); had lower
annual household incomes (median $32,500 vs $37,500, P < .001);
were less likely to be never married (25.8% vs 28.4%, P <.001);
were more likely to be not currently married (27.6% vs 25.4%, P <
.001); were more likely to be white (57.8% vs 51.4%) or Ameri-
can Indian (2.1% vs 1.2%); and were less likely to be black
(18.2% vs 22.3%) or Asian (1.9% vs 5.9%). The 2 groups did not
significantly differ by education level (approximately 15% had
<high school diploma, 22% high school diploma, and 62% some
college or more), or full-time employment status (approximately
43%).

Additionally, compared with respondents who did not report par-
ental alcoholism, those who reported parental alcoholism were
slightly but significantly younger when they first had the first epis-
ode of MDD (median age, 27.8 y vs 30.5 y, P <.001) and PDD
(median age, 27.9 y vs 30.6 y, P <.001) and had a significantly
higher number of MDD episodes (median no., 4.6 vs 3.5, P <
.001) and a nonsignificantly higher number of PDD episodes (me-
dian no., 2.1 vs 1.9). Respondents who reported parental alcohol-
ism also talked to any health professional or therapist signific-
antly more often to help improve their mood caused by MDD
(63% vs 58%, P <.001) and nonsignificantly more often to help
improve their mood caused by PDD (68% vs 64%) compared with
respondents who did not report parental alcoholism. Respondents
who reported parental alcoholism were significantly more likely to
have symptoms of suicidal ideation (13% vs 8%, P < .001) and
also meet DSM-5 criteria for other mental comorbidities such as
anxiety (21% vs 11%, P < .001), personality disorders (27% vs
12%, P < .001), eating disorders (3% vs 1.5%, P < .001), sub-
stance use disorders (57% vs 37%, P < .001), and posttraumatic
stress (12% vs 5%, P<.001).

Weighted regression analyses showed that parental alcoholism
was associated with an approximately twofold increase in the odds
of both MDD (OR, 1.84; 95% confidence interval [CI], 1.72—1.96;
P<.001) and PDD (OR, 2.11; 95% CI, 1.88-2.37; P<.001), after
controlling for demographics.

Parental alcoholism had a positive and stable effect on MDD
across individuals throughout most of the age range of respond-
ents aged 18 to 85 years (Figure 1). Participants between these
ages were approximately 2 times as likely to have MDD as were
participants who reported no parental alcoholism. Because of the
small sample size of participants older than 85 years and the res-
ulting widening of the confidence band (ie, the lower limit of the
confidence band is less than the OR of 1), the relationship was no
longer significant among these individuals, even though the point
estimate remained stable.

Odds Ratio

30 50 70 90

Figure 1. Age-varying effects of parental alcoholism on lifetime major
depressive disorder for respondents aged 18-90 years, National
Epidemiologic Survey on Alcohol and Related Conditions, Wave Ill,
2012-2013. Age-varying effects are presented as odds ratios (ORs) across
ages; the solid line represents the OR point estimates, and the surrounding
shading represents 95% confidence intervals. The horizontal line represents
an OR of 1.00.

Similarly, parental alcoholism had a positive effect on PDD across
a wide age range (Figure 2). Participants aged 18 to 73 years were
approximately 2 times as likely to have PDD as were participants
who reported no parental alcoholism. The association was nonsig-
nificant for those aged 74 years and older. Additionally, the effect
of parental alcoholism among older individuals (eg, OR of 0.8 for
participants aged 80 y) was significantly weaker than the effect
among younger individuals (eg, OR of 2.3 for participants aged 60

y)-
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Odds Ratio

30 50 70 90

Figure 2. Age-varying effects of parental alcoholism on lifetime persistent
depressive disorder for respondents aged 18-90 years, National
Epidemiologic Survey on Alcohol and Related Conditions, Wave Ill,
2012-2013. Age-varying effects are presented as odds ratios (ORs) across
ages; the solid line represents the OR point estimates, and the surrounding
shading represents 95% confidence intervals. The horizontal line represents
an OR of 1.00.

Discussion

This study examined how the relationship between parental alco-
holism and depression outcomes may change across individuals of
different ages. Respondents who reported being exposed to parent-
al alcoholism as children had approximately twice the risk of
meeting criteria for lifetime MDD and PDD. Parental alcoholism
had a positive and stable effect on the odds of lifetime MDD
throughout most of the age range of the participants, although this
association was no longer significant for those aged 85 years old
or older. However, although the association with PDD was posit-
ive and stable across individuals in early and late adulthood, it sig-
nificantly decreased in strength for those older than 73, such that
parental alcoholism was no longer associated with a heightened
risk for PDD.

Results of this study also showed that 23% of adults had a parent
with alcohol problems before the age of 18; the 1988 National
Health Interview Survey estimated that 18.1% of adults had a par-
ent with alcohol problems before the age of 18 (10). Although
there is a large gap in timeline, the prevalence of adults growing
up with a parent with alcohol problems seems comparable. Al-
though current data on the prevalence of adults who grew up with
a parent with alcohol problems are not available, it is estimated

that an annual average of 7.5 million US children (10.5% of all
children) live with a parent who had an alcohol use disorder in the
past year (11). Although this figure is lower than we report here, it
includes only past-year alcohol use disorder, a severe form of
problem drinking. Hence, assuming that this prevalence will in-
crease under NESARC’s inclusion of other, less severe forms of
problem drinking, the current prevalence rates are more consistent
with those of previous reports.

Our findings confirm those of previous research that established
that parental alcoholism is associated with an increased risk of de-
pression among offspring (2,12,13). This study also extends this
research in 2 important ways, given that many previous studies are
limited to younger adults (2,3). Here, we examined the effects of
parental alcoholism on depression among adults across a wide age
range, and we rigorously examined the age-varying effects of par-
ental alcoholism, showing that its effect is largely stable across in-
dividuals from early to late adulthood.

This study has limitations. First, the measure of parental alcohol-
ism is limited in several ways. The single question that assessed
parental alcoholism was proxy-reported by offspring. As a result,
both the timing and the nature of the question may have created
recall bias, in which those with depression are more likely to re-
member the drinking of their parents as problematic than those
with no depression. Additionally, the wording of the question in-
cluded parents as well as non-parental adults living in the house-
hold, although most participants reported living only with one or
more biological parents. Thus, the wording of this question may
have affected the results in unknown ways. Second, this study
used cross-sectional data and thus cannot conclude that parental
alcoholism causes depression among offspring.

Third, because we used cross-sectional data, the findings do not
distinguish between true age and cohort when considering the age-
varying effect of parental alcoholism. A true age-varying effect
would capture data on the change in the effect of parental alcohol-
ism as an individual ages, but these analyses examined the effect
across individuals of different ages. This analysis introduces a co-
hort effect: the association between parental alcoholism and de-
pression may change across individuals born in different years as a
result of differences across time periods in, for example, the pre-
valence of parental alcoholism, the threshold at which participants
consider alcohol consumption “problem drinking,” the prevalence
of depression, or other associated risk and protective factors. It is
likely that both an age effect (5) and a cohort effect (14,15) con-
tribute to our findings, but this study cannot distinguish between
them. Thus, the findings should not be interpreted as effects for a
given individual across time. Future studies using longitudinal
data are needed to separate true age-varying effects from cohort
effects.
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Strengths of this study include the large, nationally representative
sample, the use of rigorous and well-validated DSM-5 measures of
MDD and PDD, and the use of TVEMs, an innovative methodo-
logy for examining continuous moderation across age.

Parental alcoholism is stably associated with depression outcomes
among offspring across a range of ages from early to late adult-
hood, with a decline in PDD among older adults. This finding im-
plies that the effect of parental alcoholism on PDD may weaken
among older adults (aged >60 y), making them more resilient than
middle-aged and younger adults for PDD. Conversely, we found
no evidence of resilience to MDD, as shown by a similar effect
across ages. Despite this long-term effect of parental alcoholism,
many adults with depression do not seek treatment because of a
desire for self-reliance and the perceived stigma of mental health
difficulties (16). Children of alcoholics often desire secrecy about
their parents’ alcoholism (17), and this additional stigma may fur-
ther compound the lack of treatment seeking among adult off-
spring of alcoholics. Our findings highlight the importance of
screening for depression among offspring of alcoholics in health
care settings to provide them with services and support to ulti-
mately manage this mental health burden.

Acknowledgments

The National Institute on Alcohol Abuse and Alcoholism (NI-
AAA) sponsored the National Epidemiologic Surveys on Alcohol
and Related Conditions. We acknowledge the contribution of NI-
AAA funding support and support of the intramural program, NI-
AAA, National Institutes of Health. The manuscript for this art-
icle was prepared using a limited access dataset obtained from NI-
AAA and does not reflect the opinions or views of NIAAA or the
US government.

Author Information

Corresponding Author: Sunita Thapa, MPH, Department of Health
Policy, Vanderbilt University School of Medicine, 2525 West End
Ave, Suite 1200, Nashville, TN 37203. Telephone: 615-343-2934.
Email: sunita.thapa@vanderbilt.edu.

Author Affiliations: 'Department of Health Policy, Vanderbilt
University School of Medicine, Nashville, Tennessee. Master of
Public Health Program, Department of Population Health,
University of North Dakota, Grand Forks, North Dakota.

References

1. Christensen HB, Bilenberg N. Behavioural and emotional
problems in children of alcoholic mothers and fathers. Eur
Child Adolesc Psychiatry 2000;9(3):219-26.

2.Kelley ML, Braitman A, Henson JM, Schroeder V, Ladage J,
Gumienny L. Relationships among depressive mood symptoms
and parent and peer relations in collegiate children of
alcoholics. Am J Orthopsychiatry 2010;80(2):204—12.

3.Chassin L, Pitts SC, DeLucia C, Todd M. A longitudinal study
of children of alcoholics: predicting young adult substance use
disorders, anxiety, and depression. J Abnorm Psychol 1999;
108(1):106-19.

4.Kelley ML, Pearson MR, Trinh S, Klostermann K, Krakowski
K. Maternal and paternal alcoholism and depressive mood in
college students: parental relationships as mediators of ACOA-
depressive mood link. Addict Behav 2011;36(7):700-6.

5. Jennison KM, Johnson KA. Parental alcoholism as a risk factor
for DSM-1V-defined alcohol abuse and dependence in
American women: the protective benefits of dyadic cohesion in
marital communication. Am J Drug Alcohol Abuse 2001;
27(2):349-74.

6. American Psychiatric Association. Diagnostic and statistical
manual of mental disorders, fifth edition (DSM-5). Arlington
(VA): American Psychiatric Association; 2013.

7.US Census Bureau. Current population survey (CPS) annual
social and economic (ASEC) supplement table HINC-06:
income distribution to $250,000 or more for households 2014;
2015.

8.Tan X, Shiyko MP, Li R, Li Y, Dierker L. A time-varying
effect model for intensive longitudinal data. Psychol Methods
2012;17(1):61-77.

9.Li R, Dziak JD, Tan X, Huang L, Wagner AT, Yang J. TVEM
(time-varying effect modeling) SAS macro users’ guide
(version 3.1.0). University Park (PA): The Methodology
Center, Penn State; updated 2015.

10. Schoenborn CA. Exposure to alcoholism in the family: United
States, 1988. Adv Data 1991;(205):1-13.

11. Substance Abuse and Mental Health Services Administration.
Data spotlight: more than 7 million children live with a parent
with alcohol problems; 2012.

12. Klostermann K, Chen R, Kelley ML, Schroeder VM, Braitman
AL, Mignone T. Coping behavior and depressive symptoms in
adult children of alcoholics. Subst Use Misuse 2011;
46(9):1162-8.

13.Sher KJ. Psychological characteristics of children of
alcoholics: overview of research methods and findings. In: M.
Galanter, H. Begleiter, R. Deitrich, et al, editors. New York
(NY): Plenum Press; 1991. p. 301-36.

The opinions expressed by authors contributing to this journal do not necessarily reflect the opinions of the U.S. Department of Health and Human Services,

the Public Health Service, the Centers for Disease Control and Prevention, or the authors’ affiliated institutions.

www.cdc.gov/pcd/issues/2017/17_0100.htm « Centers for Disease Control and Prevention 5


www.cdc.gov/pcd/issues/2017/17_0100.htm
mailto:sunita.thapa@vanderbilt.edu

PREVENTING CHRONIC DISEASE VOLUME 14, E136

PUBLIC HEALTH RESEARCH, PRACTICE, AND POLICY DECEMBER 2017

14.Hasin D, Link B. Age and recognition of depression:
implications for a cohort effect in major depression. Psychol
Med 1988;18(3):683-8.

15.Rice JP, Neuman RJ, Saccone NL, Corbett J, Rochberg N,
Hesselbrock V, et al. Age and birth cohort effects on rates of
alcohol dependence. Alcohol Clin Exp Res 2003;27(1):93-9.

16. Jennings KS, Cheung JH, Britt TW, Goguen KN, Jeffirs SM,
Peasley AL, et al. How are perceived stigma, self-stigma, and
self-reliance related to treatment-seeking? A three-path model.
Psychiatr Rehabil J 2015;38(2):109-16.

17. Haverfield MC, Theiss JA. A theme analysis of experiences
reported by adult children of alcoholics in online support
forums. J Fam Stud 2014;20(2):166—-84.

The opinions expressed by authors contributing to this journal do not necessarily reflect the opinions of the U.S. Department of Health and Human Services,
the Public Health Service, the Centers for Disease Control and Prevention, or the authors’ affiliated institutions.

6 Centers for Disease Control and Prevention ¢ www.cdc.gov/pcd/issues/2017/17_0100.htm


www.cdc.gov/pcd/issues/2017/17_0100.htm

PREVENTING CHRONIC DISEASE

PUBLIC HEALTH RESEARCH, PRACTICE, AND POLICY

VOLUME 14, E136
DECEMBER 2017

Table

Table. Descriptive Statistics of Sample (N = 36,057), Study on Effects of Parental Alcoholism on Depression, National Epidemiological Survey on Alcohol and Re-

lated Conditions, Wave Ill, 2012-2013

Parental Alcoholism?

Measure Yes No

Major depressive disorder® 29.6 17.7
Persistent depressive disorder® 9.3 4.4
Median (IQR), age, y° 44.0 (32-56) 44.0 (30-509)
Sex®

Female 59.4 55.4
Male 40.6 44.6
Education

<High school diploma 15.7 14.8
High school diploma 22.4 22.7
Some college or more 61.9 62.4
Median (IQR) annual household income, $° 32,500 (17,500-65,000) 37,500 (17,500-65,000)
Full-time employment (=35 h/wk) 43.2 44.2
Marital status

Currently married 46.6 46.2
Not currently married” 27.6 25.4
Never married® 25.8 28.4
Race/ethnicity

White” 57.8 51.4
Black® 18.2 223
American Indian® 2.1 1.2
Asian” 1.9 5.9
Hispanic 19.9 19.2

Abbreviation: IQR, interquartile range.

@ Numeric variables presented as median (IQR), and categorical variables presented as percentages.
b )(2 significant in parental alcoholism status at P < .05. MDD is characterized by discrete episodes of at least 2 weeks during which respondents experienced either
depressed mood or a loss of interest in nearly all activities in adults at some time in their lives. Lifetime PDD is a milder but more chronic form of depression and

can be diagnosed when the mood disturbance continues for at least 2 years in adults at some time in their lives (6).
¢ Analysis of variance significant in parental alcoholism status at P < .05.
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Abstract

Background

Veterans with type 1 diabetes who live in rural Alabama and
Georgia face barriers to receiving specialty diabetes care because
of a lack of endocrinologists in the Central Alabama Veterans
Health Care System. Telemedicine is a promising solution to help
increase access to needed health care. We evaluated
telemedicine’s effectiveness in delivering endocrinology care from
Atlanta-based endocrinologists.

Methods

We conducted a retrospective chart review of patients who were
enrolled in the Atlanta VAMC Endocrinology Telehealth Clinic
from June 2014 to October 2016. Outcomes of interest were
hemoglobin Alc levels, changes in glycemic control, time savings
for patients, cost savings for the US Veterans Health Administra-
tion, appointment adherence rates, and patient satisfaction with
telehealth.

Results

Thirty-two patients with type 1 diabetes received telehealth care
and in general received the recommended processes of diabetes
care. Patients trended toward a decrease in mean hemoglobin Alc
and glucose variability and a nonsignificant increase in hypogly-
cemic episodes. Patients saved 78 minutes of travel time (one
way), and the VA saved $72.94 in travel reimbursements per pa-
tient visit. Patients adhered to 88% of scheduled telehealth ap-
pointments on average, and 100% of surveyed patients stated they
would recommend telehealth to other veterans.

Conclusions

Specialty diabetes care delivered via telemedicine was safe and
was associated with time savings, cost savings, high appointment
adherence rates, and high patient satisfaction. Our findings sup-
port growing evidence that telemedicine is an effective alternative
method of health care delivery.

Introduction

The diabetes epidemic is continuously growing in America and af-
fects 29.1 million Americans (9.3% of the US population) (1). The
burgeoning prevalence of diabetes has created an increase in de-
mand for specialty diabetes care. However, there is a nationwide
shortage of approximately 1,500 full-time endocrinologists (2),
creating a disparity between diabetes care and specialty diabetes
providers.

Patients who live in rural areas, approximately 20% of the US
population, have more barriers to receiving specialty care. Barri-
ers such as long travel distances and costly expenses to urban
areas where specialty care is often available (3,4) create chal-
lenges for these patients to achieve good health (4). Telemedicine,
the exchange of medical information via electronic communica-
tions such as clinical video telehealth (CVT) (real-time videocon-
ferencing between patients and providers), has emerged as a prom-
ising solution (5,6). The US Veterans Health Administration
(VHA) created the Telehealth Services Program to increase ac-
cess to specialty medical care for veterans with limited access (7).
In 2014, the Atlanta Veterans Affairs Medical Center (VAMC)
Endocrinology Telehealth Clinic was established to deliver spe-
cialty diabetes care to patients with type 1 diabetes in the Central
Alabama Veterans Health Care System (CAVHCS); because the
CAVHCS serves rural communities in Alabama and west Georgia,
specialty diabetes care is often inaccessible for these patients.

We characterized the effectiveness of the Atlanta VAMC Endo-
crinology Telehealth Clinic in improving diabetes outcomes for
patients with type 1 diabetes and increasing their access to spe-
cialty diabetes care. We studied patients with type 1 diabetes be-
cause the Atlanta VAMC Endocrinology Telehealth Clinic was
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created to increase access to specialty care for type 1 diabetes pa-
tients who manage their condition with insulin pump therapy. We
hypothesized that management of type 1 diabetes via CVT leads to
improvements in glycemic control, saves costs for the VHA, saves
time for patients, and is associated with high appointment adher-
ence and patient satisfaction.

Methods

CAVHCS serves more than 134,000 veterans in 43 counties of
Alabama and Georgia but does not employ a local endocrinologist.
In 2014, the Atlanta VAMC Endocrinology Telehealth Clinic was
established to increase access to specialty care for type 1 diabetes
for CAVHCS patients. Without telehealth, CAVHCS patients have
to travel to the Veterans Affairs (VA) medical centers in either
Birmingham, Alabama, or Atlanta, Georgia, to receive in-person
specialty care. With telehealth, patients travel to local community-
based outpatient clinics for their telehealth appointment, where
they check in as they would for a regular face-to-face appoint-
ment; they have their vital signs checked, go to a patient care room
with a webcam or dedicated telehealth monitor, and have a CVT
consultation from an Atlanta-based endocrinologist with in-per-
son assistance from a telehealth pharmacist. Visits typically last 30
to 60 minutes.

We conducted a retrospective chart review of patients with type 1
diabetes who received care through the Atlanta VAMC Endo-
crinology Telehealth Clinic from June 2014 to October 2016. We
collected data about changes in glycemic control, telemedicine’s
capacity to save costs for the VHA and time for patients, patient
adherence to telemedicine appointments, and patient satisfaction
with telemedicine. Data were stored in REDCap, a secure web-
based database application. Our use of REDCap was sponsored by
the Atlanta Clinical and Translational Science Institute. This study
was approved by the Emory institutional review board and the At-
lanta VA Research and Development Committee.

To assess diabetes management, we collected data on recommen-
ded processes of diabetes care: blood pressure management, eye
screening, urine microalbumin-to-creatinine ratio, and lipid panels
(triglycerides, high-density lipoprotein cholesterol, low-density
lipoprotein cholesterol). We also assessed whether patients re-
ceived drug prescriptions for which they were eligible, specific-
ally statins and aspirin.

To assess diabetes outcomes, we collected data on change in gly-
cemic control, specifically hemoglobin Alc levels, 2-week fre-
quency and severity of hypoglycemia, 2-week frequency and
severity of hyperglycemia, and plasma glucose variability. Hemo-
globin Alc indicates average plasma glucose concentration over 2
to 3 months and predicts diabetes complications (8,9). Hypogly-

cemia is defined as low plasma glucose concentration, and severe
hypoglycemia may lead to unconsciousness (9). We defined hy-
poglycemia as a plasma glucose level of less than 70 mg/dL and
severe hypoglycemia as less than 40 mg/dL. Hyperglycemia is
defined as high plasma glucose concentration, which may lead to
long-term complications such as diabetic retinopathy, nephro-
pathy, and neuropathy (10). We defined hyperglycemia as a
plasma glucose level of more than 250 mg/dL and severe hyper-
glycemia as more than 300 mg/dL. We reviewed patients’ insulin
pump downloads or patients’ glucose logs over a 2-week period to
determine frequency of hypoglycemia and hyperglycemia. Lastly,
average glucose variability was defined as the standard deviation
(SD) of all plasma glucose levels in the 2-week period. Data on
glycemic control were collected at baseline visits, 6 month follow-
up visits (1 month), and 12 month follow-up visits (+1 month).

Cost savings for the VHA were calculated on the basis of the dif-
ference between patient travel reimbursement costs associated
with in-person visits at VA medical centers in either Birmingham,
Alabama, or Atlanta, Georgia, and costs associated with telemedi-
cine visits at community-based outpatient clinics. Travel reim-
bursements were calculated using reimbursement rates published
by the VHA’s Beneficiary Travel Benefits program, which was
41.5 cents per mile with a $6 patient deductible (11). Patients who
traveled more than 75 miles one way were eligible for VA-reim-
bursed overnight lodging, and lodging costs of $75 were added to
the travel cost for an in-person visit. Time savings for patients
were calculated using Google Maps (Google Inc) and were based
on the difference in estimated time to travel to community-based
outpatient clinics versus the nearest VA medical center in either
Atlanta, Georgia, or Birmingham, Alabama.

To evaluate telemedicine appointment adherence, we recorded the
number of CVT appointments missed (patient did not show up),
cancelled, and scheduled. Telemedicine appointment adherence
was reported as the ratio of the number of CVT appointments in
which the patient showed up to the number of CVT appointments
scheduled, excluding the number of appointments cancelled by the
patient in advance. To assess patient satisfaction with telemedi-
cine, we administered via telephone a satisfaction survey pub-
lished by the VA Telehealth Services Program. Patients were sur-
veyed about telemedicine’s usability and convenience, and their
satisfaction was measured using a Likert Scale with scores ran-
ging from 1 through 5 (1 = “strongly agree” and 5 = “strongly dis-
agree”).

Data analysis was performed using Microsoft Office Excel 2010
(Microsoft Corporation), SPSS version 23.0 (IBM Corp), and SAS
version 9.4 (SAS Institute Inc). To analyze changes in diabetes
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outcomes, we conducted paired ¢ tests from baseline data, 6-month
follow-up data, and 12-month follow-up data. Significance was set
at P<.05. To analyze patient satisfaction survey results, we calcu-
lated the median, mean, and SDs of patient responses to each sur-
vey question.

Results

Demographic characteristics

Among 54 patients enrolled in the Atlanta VAMC Endocrinology
Telehealth Clinic, 32 patients had type 1 diabetes (Figure). Of the
32 patients with type 1 diabetes, 17 had follow-up visits at 6
months, and 9 had follow-up visits at 12 months. Telehealth pa-
tients with type 1 diabetes were predominately male (n =29, 91%)
and white (n = 27, 84%) (Table 1). Mean age was 53.5 years and
mean body mass index was 27.6 kg/m?. Comorbidities and dia-
betes complications were highly prevalent at baseline in this pa-
tient population; most patients had hyperlipidemia (n = 26, 81%)
and diabetic neuropathy (n = 23, 72%).

Montgomery, Alabama, patients
with type 1 diabetes (n = 24)
Included

« Baseline visits (N = 32)
+ 6-Month follow-up visit (n = 17)
/ + 12-Month follow-up visit (n = 9)

Carrollton, Georgia, patients
with type 1 diabetes (n = 0)

Columbus, Georgia, patients
with type 1 diabetes (n = 8)

Total enrollment
in Atlanta VA

Endocrine
Telehealth Clinic
(n = 54)

Excluded (n = 22)
Patients with type 2 diabetes or
other endocrine disorders

Figure. Diagram showing criteria for inclusion in a study of patients (N = 32)
enrolled in the Atlanta VA Telehealth Endocrine Clinic, June 2014 to October
2016. Abbreviation: VAMC, Veterans Affairs Medical Center.

Telehealth patients generally received the standard processes of
diabetes care (Table 2) (12). At baseline, 94% patients (30 of 32)
had a diabetic retinopathy eye screening within the preceding 2
years, and 100% (9 of 9) received the recommended eye screen-
ing at 12-month follow-up. Furthermore, 81% of patients (26 of
32) had their urine microalbumin-to-creatinine ratio measured at
baseline, which increased to 89% (8 of 9) at 12-month follow-up.
Of patients who were eligible for statin use, 89% (24 of 27) were
prescribed a statin, and 64% patients who were eligible for aspirin
use (14 of 22) were prescribed aspirin. At 12-month follow-up,
88% of eligible patients (7 of 8) were prescribed a statin, and 50%
of eligible patients (1 of 2) were prescribed aspirin. When seen at

baseline visits and at 6-month and 12-month follow-up visits, all
patients had received the recommended blood pressure measure-
ments and lipid panels.

Diabetes outcomes and glycemic control

Mean hemoglobin Alc levels decreased overall from baseline
(8.7%) to 6-month (8.2%) and 12-month (8.1%) follow-up, al-
though the change was not significant. After 6 months and 12
months, patients also had a mean increase in average frequency of
hypoglycemia per 2 weeks of blood glucose levels less than 70
mg/dL and less than 40 mg/dL, although these trends were not sig-
nificant. The mean frequency of hypoglycemia of glucose less
than 70 mg/dL was 3.3 hypoglycemic episodes per 2 weeks at
baseline, 3.3 at 6-month follow-up, and 6.2 at 12-month follow-
up. The average frequency of hypoglycemic episodes per 2 weeks
of glucose less than 40 mg/dL was 0.2 at baseline, 0.2 at 6-month
follow-up, and 0.6 at 12-month follow-up. Clinically, the differ-
ence in severe hypoglycemia (<40 mg/dL) was insignificant, but
hypoglycemia of glucose less than 70 mg/dL increased overall.

The average frequency of hyperglycemia every 2 weeks increased
from baseline to 6-month follow-up but was stable after 12
months. This trend was observed in hyperglycemic episodes of
glucose greater than 250 mg/dL and greater than 300 mg/dL but
was not significant. The mean frequency of hyperglycemia greater
than 250 mg/dL was 16.3 at baseline, 22.5 at 6-month follow-up,
and 16.2 at 12-month follow-up. For hyperglycemic episodes
greater than 300 mg/dL, the mean frequency was 4.0 at baseline,
5.4 at 6-month follow-up, and 3.8 at 12-month follow-up.

Lastly, there was a nonsignificant trend toward a decrease in mean
2-week blood glucose levels at 6-month and 12-month follow-up.
Mean daily blood glucose level was 79.2 mg/dL (SD, 20.4 mg/dL;
n = 27) at baseline, 76.2 mg/dL (SD, 15.7 mg/dL; n = 16) at 6
months, and 76.4 mg/dL (SD, 19.7 mg/dL; n =9) at 12 months.

Time and cost savings

Patients saved a median of 78 minutes of one-way traveling time,
and the VHA saved a median of $72.94 per patient visit in travel
reimbursement. If Atlanta VAMC Endocrinology Telehealth pa-
tients received follow-up appointments every 3 months as recom-
mended, each patient would save 624 minutes of traveling time
per year, which corresponds with VHA savings of $9,336.32 per
year in reimbursements to the 32 patients with type 1 diabetes.

The opinions expressed by authors contributing to this journal do not necessarily reflect the opinions of the U.S. Department of Health and Human Services,

the Public Health Service, the Centers for Disease Control and Prevention, or the authors’ affiliated institutions.

www.cdc.gov/pcd/issues/2018/17_0168.htm « Centers for Disease Control and Prevention 3


www.cdc.gov/pcd/issues/2018/17_0168.htm
http:9,336.32

PREVENTING CHRONIC DISEASE

PUBLIC HEALTH RESEARCH, PRACTICE, AND POLICY

VOLUME 15, E13
JANUARY 2018

Telehealth appointment adherence and patient
satisfaction with telemedicine

Telehealth patients had a median of 5 scheduled appointments
(range, 1-10 scheduled appointments). Patients were adherent to
their telehealth appointments; at least half of the patients attended
100% of their appointments, and mean adherence rate was 87.8%
(SD, 17.8%; range, 50.0%—100%).

Twenty-two (69%) telehealth patients with type 1 diabetes com-
pleted the survey about their satisfaction with telehealth care. Pa-
tients perceived the endocrinology care they received during their
telemedicine appointments favorably; 100% of respondents agreed
or strongly agreed that they were satisfied with telehealth (Table
3). Furthermore, 90.9% respondents strongly agreed with the state-
ment that they would recommend telehealth to other veterans, and
90.9% respondents agreed or strongly agreed that they would
rather use telehealth than travel long distances to see their pro-
viders. Two patients who preferred in-person care over telehealth
stated that seeing their physician face-to-face was important to
them.

Discussion

Our findings suggest that telemedicine is a safe method of deliver-
ing type 1 diabetes care to rural patients. Telehealth patients in our
study experienced improvements overall in diabetes outcomes, al-
though our findings were not significant. Patients also had an in-
creased mean frequency of hypoglycemia. Our observation of in-
creased hypoglycemic episodes is consistent with literature that
suggests improved glycemic control, indicated by lower hemo-
globin Alc levels, is correlated with an increased frequency of hy-
poglycemia (13).

Our findings are in line with those of other studies that suggest
that diabetes care via telemedicine is comparable to in-person dia-
betes care. For example, in a recent randomized controlled trial of
282 diabetes patients, those who received telemedicine consulta-
tion had a —1.01% decrease in hemoglobin Alc compared with a
—0.68% decrease in hemoglobin Alc in those receiving in-person
consultation, although the change was nonsignificant (14). Our
findings, which demonstrated a 0.6% decrease in hemoglobin Alc
at 12 months of telemedicine follow-up consultation, complement
this study’s findings and growing evidence that suggests that
telemedicine is a viable alternative for in-person care.

Previous studies also demonstrated telemedicine’s effectiveness in
delivering diabetes care to rural patients. Wood et al described
telemedicine’s use in pediatric type 1 diabetes care for patients in
rural Wyoming, demonstrated equivalency between telemedicine
and in-person visits, and found that patients received more follow-

up visits after telemedicine’s implementation (15). Similarly,
Wagnild et al described the use of telecommunications for dia-
betes patients in Montana and found that patients showed im-
provements in hemoglobin Alc levels, blood pressure, and dia-
betes knowledge (16). Our findings are consistent with literature
that suggests that telemedicine may effectively deliver diabetes
care to rural patients.

Our study has limitations. First, the referring diabetes specialty
provider at CAVHCS also independently manages the diabetes
treatment of many of the patients enrolled in the telehealth clinic,
in some cases just before referral to the telehealth clinic but mostly
with select patients between telehealth visits as needed. Thus, tele-
health patients’ glycemic control before baseline visits and after-
ward may have been better than that of patients who receive care
only from primary care providers (17). However, use of midlevel
providers such as pharmacists and nurses is common across the
VA health system, is an integral part of the VA-established Pa-
tient Aligned Care Team model, and may represent the patient-
centered care model in use (18).

Another limitation was significant loss of follow-up. Many pa-
tients had follow-up visits that did not meet our study criteria of 6-
and 12-month follow-up points. This apparent loss of follow-up
may have been because the Atlanta VA Telehealth Endocrinology
Clinic is available only once per week. As more patients enrolled
in the clinic over time, the intervals between follow-up appoint-
ments necessarily increased. Therefore, some patients did not have
an appointment scheduled at the 6-month point (5-7 months after
baseline) or the 12-month point (11-13 months after baseline).
Thus, if a patient had an appointment before 11 months or over 13
months after their initial appointment, they would not have been
included for the 12-month follow-up analysis. Our follow-up data
may have been further confounded by the possibility that patients
with worse glycemic control needed more frequent follow-up and
thus were more likely to have 12-month follow-up data.

Additionally, our study used convenience sampling of patients en-
rolled in the Atlanta VAMC Endocrinology Telehealth Clinic. Our
findings may not accurately represent patients with type 1 dia-
betes in the general population because all our patients were veter-
ans seen at the VA and most had insulin pumps, which are associ-
ated with better glycemic control compared with insulin injections
(19). Furthermore, our evaluation of aspirin use may have been
limited by inconsistent documentation of its use, because many
patients purchase it over-the-counter at local drug stores, leading
to an underestimation of its use.

Lastly, our limitations include self-selection bias and small sample
size. Self-selection bias may have affected our satisfaction survey
results because patients who prefer telemedicine may be more
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likely to enroll in telehealth clinics, whereas patients who prefer
in-person care may be more likely travel to VA medical centers to
receive treatment. Furthermore, our small sample size limited our
statistical power and generalizability. However, these limitations
were inherent in our study design, because we conducted a retro-
spective review of only patients enrolled in our telehealth clinic.

One of telemedicine’s most important benefits is its ability to in-
crease access to health care. Distance is a significant factor for
many veterans living in remote and rural areas seeking health care,
because travel distance is negatively correlated with use of outpa-
tient services (20). The VA has mitigated this issue by providing
travel reimbursement and bus services for patients, but telemedi-
cine further promotes health care accessibility for rural patients.
Another important aspect of telemedicine is its acceptance by pa-
tients and providers. Our study demonstrates that most patients are
satisfied with telemedicine care, believe that telemedicine appoint-
ments are convenient, and would recommend telemedicine to oth-
er veterans. Our findings are consistent with those of studies that
report that both patients and providers are highly satisfied with
telemedicine (21-24).

Lastly, our findings suggest that telemedicine leads to substantial
cost savings and complement findings from studies that demon-
strate telemedicine’s cost-saving capacity in larger health care sys-
tems. For example, the use of telemedicine in 7 rural hospital
emergency departments in Mississippi decreased the hospitals’ ex-
penditures from $7.6 million to $1.1 million during a 5-year peri-
od with no apparent effect on clinical outcomes (25). If the VHA
implements telemedicine on a broader scale, veterans could re-
ceive more accessible patient-centered care, and the VHA could
benefit from significant cost savings.

Our findings suggest that telemedicine delivers safe diabetes care
to rural veterans and supports growing evidence that suggests that
telemedicine is an effective alternative method of health care de-
livery. Additionally, telemedicine is associated with cost savings
for the VHA, time savings for patients, high appointment adher-
ence, and high patient satisfaction. Future studies with larger,
more representative samples of patients with type 1 diabetes are
needed to elucidate telemedicine’s effectiveness in providing
health care to broader patient populations.
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Tables

Table 1. Demographic Characteristics of Patients, Study of Patients (N = 32) Enrolled in the Atlanta VA Telehealth Endocrine Clinic, June 2014 to October 2016

Characteristic Telehealth Patients With Type 1 Diabetes at Baseline (N = 32)2

Mean (SD) age, y 53.5
Sex

Male 90.6
Female 9.4
Race

White 84.4
Black 15.6
Primary care location

Montgomery, Alabama 75.0
Columbus, Georgia 25.0
Carrollton, Georgia 0
Mean (SD) body mass index, kg/m? 27.6
Mean (SD) duration of diabetes, y 24.7
Insulin pump use 75.0
Continuous glucose monitor use 18.8
Hypertension 46.9
Hyperlipidemia 81.3
Hypothyroidism 28.1
Tobacco use 21.9
Microvascular diseases

Neuropathy 71.9
Nephropathy 21.0
Retinopathy 40.6
Macrovascular diseases

Coronary Artery disease 25.0
Cerebrovascular disease 12.5
Peripheral vascular disease 3.1

@ Values are percentages unless otherwise indicated.
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Table 2. Maintenance of Standard Processes of Diabetes Care, Study of Patients (N = 32) Enrolled in the Atlanta VA Telehealth Endocrine Clinic, June 2014 to Octo-

ber 2016
Percentage® of Percentage® of Percentage? of
Patients With Patients With Patients With
American Diabetes Association 2016 Recommended Care at| Recommended Care at| Recommended Care at
Guideline Monitoring Baseline 6 Months 12 Months
Blood pressure Every routine visit 100 (32 of 32) 100 (17 of 17) 100 (9 of 9)
Diabetic retinopathy eye exam Every 1 year 93.7 (30 of 32) 94.1 (16 of 17) 100 (9 of 9)
Urine microalbumin-to-creatinine ratio Every 1 year 81.3 (26 of 32) 88.2 (15 of 17) 88.9 (8 of 9)
Lipid panel (triglyceride, HDL, and LDL levels) |Every 1 year 100 (32 of 32) 100 (17 of 17) 100 (9 of 9)
Statin use Eligibility: aged >40 y or history of CVD 88.9 (24 of 27) 100 (15 of 15) 87.5 (7 of 8)
Aspirin use Eligibility: aged >50 or history of CVD 63.6 (14 of 22) 69.2 (9 of 13) 50.0 (1 of 2)

Abbreviations: CVD, cardiovascular disease; HDL, high-density lipoprotein cholesterol; LDL, low-density lipoprotein cholesterol.
@ Values in parentheses are number of patients who adhered to recommendation out of total number.
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Table 3. Patient Responses to Telehealth Satisfaction? Survey, Study of Patients With Type 1 Diabetes (N = 32) Enrolled in the Atlanta VA Telehealth Endocrine Clin-
ic, June 2014 to October 2016

Telehealth Patient Satisfaction Survey Question Median Mean (SD)

| felt comfortable with the equipment used. 5.00 4.91 (0.29)
| was able to see the clinician clearly. 5.00 4.95 (0.21)
| was able to hear the clinician clearly. 5.00 5.00 (0)
There was enough technical assistance for my meeting with the clinician. 5.00 4.95 (0.21)
My relationship with the clinician was the same during this session as it is in person. 5.00 4.18 (1.01)
The location of the telehealth clinic is convenient for me. 5.00 4.68 (0.65)
My needs were met during the session. 5.00 4.95 (0.21)
| received good care during the session. 5.00 4.95 (0.21)
The telehealth clinic provided the care | expected. 5.00 4.95 (0.21)
Overall, | am satisfied with the telehealth session. 5.00 4.91 (0.29)
| would recommend this type of session to other veterans. 5.00 4.77 (0.75)
I would rather use telehealth to receive this service than travel long distance to see my provider. 5.00 4.59 (1.05)

@ patient satisfaction was measured using a Likert Scale (from 1 through 5), where 1 indicated “strongly agree” and 5 indicated “strongly disagree.”
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Abstract

Introduction

Although numerous studies have examined the association
between playing video games and cognitive skills, aggression, and
depression, few studies have examined how these associations dif-
fer by sex. The objective of our study was to determine differ-
ences by sex in association between video gaming or other non-
academic computer use and depressive symptoms, suicidal behavi-
or, and being bullied among adolescents in the United States.

Methods

We used data from the 2015 Youth Risk Behavior Survey on
15,624 US high school students. Rao—Scott > tests, which were
adjusted for the complex sampling design, were conducted to as-
sess differences by sex in the association of mental health with
video gaming or other nonacademic computer use.

Results

Approximately one-fifth (19.4%) of adolescents spent 5 or more
hours daily on video gaming or other nonacademic computer use,
and 17.9% did not spend any time in those activities. A greater
percentage of female adolescents than male adolescents reported
spending no time (22.1% and 14.0%, respectively) or 5 hours or
more (21.3% and 17.5%, respectively) in gaming and other non-

academic computer use (P < .001). The association between men-
tal problems and video gaming or other nonacademic computer
use differed by sex. Among female adolescents, prevalence of
mental problems increased steadily in association with increased
time spent, whereas the pattern for male adolescents followed a J-
shaped curve, decreasing initially, increasing slowly, and then in-
creasing rapidly beginning at 4 hours or more.

Conclusion

Female adolescents were more likely to have all 3 mental health
problems than male adolescents were. Spending no time or 5 hours
or more daily on video gaming or other nonacademic computer
use was associated with increased mental problems among both
sexes. As suggested by the J-shaped relationship, 1 hour or less
spent on video gaming or other nonacademic computer use may
reduce depressive symptoms, suicidal behavior, and being bullied
compared with no use or excessive use.

Introduction

According to the Entertainment Software Association, in 2016,
63% of American households had at least one person who played
video games regularly for 3 or more hours per week, and 27% of
players were aged 18 years or younger (1). The average number of
hours spent playing games continues to increase. According to
Nielsen, time spent playing video games increased from 5.1 hours
per week per person in 2011 to 6.3 hours in 2013 (2).

Internet use among adolescents has increased exponentially in the
last decade (3). According to Common Sense Media, in 2015,
American teenagers aged 13 to 18 spent an average of 3.5 hours
per day on the Internet playing mobile games, watching online
videos, using social network sites, chatting, and browsing web-
sites. Moreover, 67% of teenagers owned a smartphone in 2015
(4). Growing ownership of smartphones has influenced the in-
crease in Internet use over time.
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Many studies showed that playing video or computer games and
using the Internet for nonacademic purposes are associated with
social behavior and have examined related health implications for
adolescents; however, study results were contradictory. Some
studies found that playing games was helpful in improving person-
ality and networks of academic friendships, improving mood, and
decreasing stress (5—11). Meta-analytic reviews found that play-
ing violent video games was linked to aggressive behavior and de-
creased empathy (12—14). Playing violent video games was signi-
ficantly associated with numerous symptoms of depression among
pre-adolescents (15,16). Internet addiction among adolescents, in-
cluding addiction to social network sites, was also related to sad-
ness, suicide, distress, functional impairment, and cyberbullying
(3,17-19).

Researchers and health professionals are concerned about depres-
sion, suicide and suicidal behavior, and bullying among children
and adolescents (20-22). Being bullied is related to depression,
mental illness, violent and aggressive behavior, and suicidal
ideation (23-25). Adolescent depression and other mental dis-
orders are chronic health conditions that can continue into adult-
hood (26). Depression is associated with suicide, and suicide
among people aged 15 to 24 years was the third leading cause of
death in United States in 2015 at a rate of 12.5 per 100,000 (27).

Although numerous studies have assessed the association between
playing video games or other nonacademic computer use and ag-
gression and depression, few studies have examined differences by
sex in the relationship between playing video games or other non-
academic computer use and mental health among children and ad-
olescents. Thus, the purpose of this study was to determine how
the association between playing video or computer games or other
nonacademic computer use (watching online videos, using social
network sites, chatting, and browsing websites) and mental health
(depressive symptoms, suicidal behavior, being bullied at school
or cyberbullied) differs by sex among US adolescents.

Methods

We used data on 15,624 adolescents from the 2015 Youth Risk
Behavior Survey (YRBS), administered by the Centers for Dis-
ease Control and Prevention. YRBS, which has been conducted bi-
ennially since 1991, uses a 3-stage cluster-sampling design to
monitor priority health-risk behaviors among nationally represent-
ative samples of private school and public school students in
grades 9 through 12 in the United States. In 2015, the sample size
was 15,624, the school response rate was 69%, the student re-
sponse rate was 81%, and the overall response rate was 60%.

Depressive symptoms were defined as the presence of feelings of
sadness or hopelessness in response to the question, “During the
past 12 months, did you ever feel so sad or hopeless almost every
day for two weeks or more in a row that you stopped doing some
usual activities?”

Students were questioned on 2 types of bullying: school bullying
and cyberbullying. The school bullying question was “During the
past 12 months, have you ever been bullied on school property?”
with a yes/no answer option. The cyberbullying question was
“During the past 12 months, have you ever been electronically
bullied? (Include being bullied through e-mail, chat rooms, instant
messaging, Web sites, or texting),” also with a yes/no answer op-
tion. Being bullied was defined as either being bullied at school or
being cyberbullied.

Students were also asked 3 questions related to suicide: had they
considered suicide, made a suicide plan, or attempted suicide. The
question about considering suicide was “During the past 12
months, did you ever seriously consider attempting suicide?” with
a yes/no answer option. The question about making a suicide plan
was “During the past 12 months, did you make a plan about how
you would attempt suicide?” also with a yes/no answer option.
The question about attempting suicide was “During the past 12
months, how many times did you actually attempt suicide?”” with
response category options of 0 times, 1 time, 2 or 3 times, 4 or 5
times, or 6 or more times. Suicidal behavior was defined as an-
swering yes to the questions about considering suicide or making a
suicide plan or if the respondent reported having attempted sui-
cide at least once in the past 12 months.

Engaging in video gaming or other nonacademic computer use
was assessed with the question, “On an average school day, how
many hours do you play video or computer games or use a com-
puter for something that is not school work? (Count time spent on
things such as Xbox, PlayStation, an iPod, an iPad or other tablet,
a smartphone, YouTube, Facebook or other social networking
tools, and the Internet).” Response options were none, 1 hour or
less, 1 hour, 2 hours, 3 hours, 4 hours, and 5 or more hours.

Adjusted and weighted prevalence rates were measured by using a
weighting factor in the YRBS to provide nationally representative
estimates and by using PROC SURVEYFREQ in SAS version 9.4
(SAS Institute, Inc) to account for the complex 3-stage cluster
sampling design. A weighting factor in YRBS data adjusted for
school and student nonresponse, sex, grade, and race/ethnicity.
Rao—Scott ¥ tests, which were adjusted for the complex sampling
design by using PROC SURVERYFREQ, were conducted to as-
sess any differences by sex in time spent on video gaming or oth-
er nonacademic computer use, depressive symptoms, suicidal be-
havior, and being bullied and any differences by sex in the associ-
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ation between time spent on video gaming or other nonacademic
computer use with depressive symptoms, suicidal behavior, and
being bullied. A 2-sided P value of <.05 was considered signific-
ant.

Results

Among the sample of 15,624 adolescents, 51.3% were male and
48.7% were female. One in 5 adolescents spent 5 hours or more
per day playing video or computer games or used a computer for
something unrelated to school work. Almost one-fifth (17.9%) did
not engage in playing videos or computer games or other nonaca-
demic computer use. A greater percentage of female adolescents
than male adolescents reported no time or 5 hours or more spent in
gaming or other nonacademic computer use (P <.001) (Table 1).

A significantly higher prevalence of depressive symptoms, suicid-
al behavior, and being bullied was observed among female adoles-
cents than male adolescents (Table 1). Approximately 1 in 3 ad-
olescents had depressive symptoms; 1 in 5 had considered suicide,
made a suicide plan, or attempted suicide; and 1 in 4 had been bul-
lied at school or had been cyberbullied. The prevalence of depress-
ive symptoms, suicidal behavior, and being bullied differed signi-
ficantly by sex (P < .001 for each mental health problem). Female
adolescents were nearly twice as likely to have depressive symp-
toms, suicidal behavior, and to have been bullied than male ad-
olescents.

A pattern of change in the prevalence of depressive symptoms,
suicidal behavior, and being bullied in relation to time spent on
video gaming or other nonacademic computer use had a J-shaped
curve (Figure). Prevalence decreased initially, then increased
slowly, and then increased rapidly from 4 hours or more. Those
spending 5 or more hours per day on video games or other nonaca-
demic computer use had the highest prevalence of depressive
symptoms (43.1%), suicidal behavior (32.4%), and being bullied
(31.5%). The lowest prevalence of depressive symptoms (22.8%)
and being bullied (21.9%) was among those spending less than 1
hour, and the lowest prevalence of suicidal behavior was among
those spending 1 hour (15.7%).
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Figure. Prevalence of depressive symptoms, suicidal behavior, and being
bullied in relation to time spent on video gaming or other nonacademic
computer use among male and female adolescents, Youth Risk Behavior
Survey, 2015.

The relationship between mental health and hours spent in video
gaming or other nonacademic computer use varied by sex and type
of mental health problems (Table 2). The percentage of female ad-
olescents experiencing depressive symptoms with no time spent in
video gaming or other nonacademic computer use was 32.7%, rose
to 33.3% for less than 1 hour spent, fell to 32.7% for 1 hour spent,
and then rose steadily to a peak of 53.8% at 5 or more hours spent
(P <.001). Prevalence among male adolescents was 19.0% for no
time spent in video gaming or other nonacademic computer use,
fell to 16.1% for less than 1 hour, than rose to 30.3% for 5 hours
or more (P < .001). For suicidal behavior among female adoles-
cents, prevalence was 22.5% at no hours spent and rose to 37.8%
at 5 or more hours spent. For male adolescents, prevalence was
14.9% for no hours spent and rose to 25.1% for 5 or more hours
spent. Female adolescents who spent no time in video gaming or
other nonacademic computer use had a prevalence of 27.3% of be-
ing bullied and 36.8% at 5 or more hours spent. For male adoles-
cents, the prevalence of being bullied was 19.0% at no time spent,
fell to 15.3% for less than 1 hour spent, and then rose to 25.5% for
5 or more hours spent. For all mental health problems and both
sexes, prevalence fluctuated up and down between less than 1 hour
and 5 or more hours and generally increased beginning at 4 hours.

Discussion

Our study examined differences between male and female adoles-
cents in time spent video gaming or other nonacademic computer
use, depressive symptoms, being bullied, and suicidal behavior
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and any differences by sex in the association of time spent in
video gaming or other nonacademic computer use with depressive
symptoms, being bullied, and suicidal behavior. Our study
provided evidence of the J-shaped relationship between video
gaming or other nonacademic computer use and depressive symp-
toms, suicidal behavior, and being bullied among US adolescents.
Adolescents who spent 5 hours or more in video gaming or other
nonacademic computer use had the highest rates of depressive
symptoms, suicidal behavior, and being bullied. The lowest rates
were among adolescents spending less than 1 hour or 1 hour. Ad-
olescents who did not play video or computer games or use the
computer for nonacademic reasons had higher rates than those
who spent 1 hour or less per day. However, female adolescents
were almost twice as likely to experience depressive symptoms,
suicidal behavior, or being bullied in relation to time spent play-
ing video games or in other nonacademic computer use than male
adolescents.

One study found similar results about the relationship between
video gaming or other nonacademic computer use and suicide by
using the 2007 and 2009 YRBS (19). That study found that 5
hours or more of daily video gaming or other nonacademic com-
puter use was associated with higher risk of sadness, suicidal
ideation, and suicidal planning than no time spent. The same study
also found that 1 hour or less of daily video gaming had poten-
tially protected against 2-week sadness compared with no video
gaming. However, that study did not investigate differences by sex
in the associations. It also did not investigate the association
between being bullied and daily video gaming or other nonaca-
demic computer use. Because Internet technologies have de-
veloped rapidly, adolescents are able to easily acquire information,
and they have many ways, such as social network sites, to commu-
nicate with others online, which may suggest that adolescents are
more likely to be at risk of being bullied, especially of being cy-
berbullied. Our study consistently showed that adolescents who
spent 4 hours or more daily on video games or other nonacademic
computer use were 1.5 times more likely to be bullied than those
who spent 3 hours or less.

Two studies, Belanger et al and Kim, found a U-shaped associ-
ation between Internet use for nonacademic purposes and mental
health among Swiss and Korean adolescents, respectively (28,29).
Both studies suggested that health professionals should be alert to
heavy Internet use (=2 h/d) and to no use as indicators of high risk
for mental disorders. However, both studies defined heavy use as
spending 2 hours or more daily on the Internet. Because Belanger
et al used data from 2002 and Kim used data from 2009, their cat-
egories for intensity of Internet use are not relevant to recent

trends, which were reported in 2015 at 3.5 hours per day on aver-
age for US adolescents, including playing mobile games, watch-
ing online videos, using social network sites, chatting, and brows-
ing websites (4).

Although YRBS data have the advantage of being a nationally
representative sample of adolescents, our study has several limita-
tions. First, because YRBS consists of cross-sectional data, assess-
ing the cause—effect relationship between video gaming or other
nonacademic computer use and mental problems was not possible.
Second, investigating the association of mental problems with
video gaming or other nonacademic computer use separately was
not possible. Although video gaming and other nonacademic com-
puter use are different measures, YRBS uses a single variable for
the 2 activities. However, studies have demonstrated differences
between the 2 measures. For example, in one study, 62% of male
adolescents enjoyed playing video games, compared with 20% of
female adolescents, and 44% of female adolescents enjoyed using
social media, compared with 29% of male adolescents (4).
Moreover, on average, female adolescents spent about 40 minutes
more on social network sites than male adolescents (4). Further re-
search is warranted for establishing a separate measure each for
video gaming and other nonacademic computer use to determine
their relation to mental health.

Our study found that video gaming or other nonacademic com-
puter use among US adolescents for 5 hours or more daily was
significantly associated with increases in depressive symptoms,
suicidal behavior, and being bullied. The prevalence of each of the
3 mental health problems was higher among female adolescents
than among male adolescents. As suggested by the J-shaped rela-
tionship, 1 hour or less of playing video games or other nonaca-
demic computer use may reduce the prevalence of these mental
health problems whereas nonuse or excessive use may increase
them. Therefore, sex-specific intervention programs should be de-
veloped. Furthermore, because our data show that some video
gaming and other nonacademic computer use may reduce the pre-
valence of depressive symptoms, suicidal behavior, and being bul-
lied, public health professionals may want to shift mindfulness in-
tervention programs toward eHealth or mHealth technologies
rather than completely dismissing the activities. Use of techno-
logy for health promotion and disease prevention has advanced
rapidly through the emergence of eHealth and mHealth technolo-
gies. Both technologies offer several advantages over traditional,
in-person methods of health promotion and disease prevention in-
terventions. Both are cost efficient and interactive and can auto-
mate delivery of interventions, thereby enabling real-time assess-
ments, personalizing and tailoring content, and reaching larger
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populations and hard-to-reach subgroups than conventional meth-
ods (30). Sex-specific mindfulness intervention programs that use
these technologies in conjunction with video games and other non-
academic computer use may be well received by adolescents as
well as by their parents and teachers.
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Tables

Table 1. Prevalence of Time Spent in Video Gaming and Other Nonacademic Computer Use® and Mental Problems Among Students (N = 15,624), by Sex, 2015
Youth Risk Behavior Survey

Variable” Total, % Female, % Male, % PValue®

Time spent, h

None 17.9 22.1 14.0 <.001
<1 13.8 10.9 16.5

1 10.8 10.4 11.2

2 15.8 13.8 17.7

3 13.4 12.8 14.0

4 8.9 8.7 9.1

25 19.4 21.3 17.5

Mental problems

Depressive symptoms 29.9 39.8 20.3 <.001
Suicidal behavior 21.7 27.3 16.1 <.001
Being bullied 25.7 32.2 19.6 <.001

@ Nonacademic computer use includes playing mobile games, watching online videos, using social network sites, chatting, and browsing websites.
P Values are adjusted and percentages are weighted unless otherwise noted.
¢ Calculated by using the Rao-Scott x2 test.
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Table 2. Prevalence of Mental Problems by Time Spent in Video Gaming and Other Nonacademic Computer Use® Among Students (N = 15,624), by Sex, 2015
Youth Risk Behavior Survey

No. of Hours Spent, %"
Variable None <1 2 >5 PValue®
Depressive symptoms
Female 32.7 33.3 32.7 36.1 38.4 45.9 53.8 <.001
Male 19.0 16.1 18.1 18.9 17.3 20.6 30.3
Suicidal behavior
Female 225 25.9 19.5 26.1 254 28.5 37.8 <.001
Male 14.9 14.3 12.5 15.3 13.5 13.7 25.1
Being bullied
Female 27.3 32.2 30.4 33.0 29.3 37.4 36.8 <.001
Male 19.0 15.3 17.3 17.7 19.6 22.3 255

& Nonacademic computer use includes playing mobile games, watching online videos, using social network sites, chatting, and browsing websites.

P Values are adjusted and percentages are weighted unless otherwise noted.

¢ Calculated by using the Rao-Scott x2 test.
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