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Abstract

Objective—This report demonstrates the ability of data from the National Hospital
Care Survey (NHCS) linked to the National Death Index (NDI) to provide information
on inpatient hospitalizations and in-hospital and post-acute mortality among patients
hospitalized for a specific condition, in this case pneumonia.

Methods—The 2016 NHCS consists of information on all hospitalizations
provided by participating hospitals. NHCS collects personally identifiable information,
allowing for linkage across hospital settings and to outside data sources, including
NDI; 97 hospitals in the 2016 NHCS contributed qualifying patient records that were
eligible to be linked to NDI. Exploratory analyses were conducted to assess mortality
outcomes, describe cause of death, and model the risk of in-hospital and post-acute
mortality among hospitalized patients diagnosed with pneumonia. NHCS data are
unweighted and are not nationally representative.

Results—Nearly 77,000 adult patients were hospitalized for pneumonia in
the 2016 NHCS and were eligible for linkage to NDI. Overall, 35% of patients
hospitalized with pneumonia died either in the hospital or within 1 year of discharge.
Pneumonia patients who were admitted to the intensive care unit (ICU) and eventually
discharged had a 41% increased risk of death within 30 days of discharge than those
not admitted to ICU, after adjusting for sex, age, and length of stay (adjusted risk
ratio is 1.41, 95% confidence interval is 1.35-1.48).

Conclusion—Although the findings are not nationally representative, this report
demonstrates the potential of NHCS data linked to NDI to identify specific patient
cohorts, assess mortality outcomes, and estimate the risk of in-hospital and post-acute
mortality.
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limited as most national hospitalization
data sets do not capture subsequent
hospitalizations, emergency department
visits, or mortality outcomes.

To address these limitations, the
National Center for Health Statistics
(NCHS) launched the National Hospital

Introduction

Disease-specific mortality has
decreased among hospitalized patients
over the last 2 decades (1,2), but
information on posthospitalization, or
post-acute, mortality among patients is

Care Survey (NHCS), which is designed
to collect inpatient and ambulatory
encounter data from a large sample of
hospitals in the United States. Through
NCHS?’ data linkage program and
funding from the Patient-Centered
Outcomes Research Trust Fund, NCHS
has expanded the analytic use of NHCS
by linking it to the National Death Index
(NDI), which provides information such
as date of death and underlying and
multiple causes of death among patients
who died posthospital discharge.
NHCS-participating hospitals provided
data on all hospitalized patients

and patients who made emergency
department (ED) or outpatient
department (OPD) visits for all of 2016.
NHCS data contain the discharge status
for hospitalized patients, allowing for
the assessment of in-hospital mortality.
However, with NHCS data linked to
NDI, patients seeking care for a given
condition in EDs or inpatient settings
can be followed prospectively to assess
subsequent mortality status (and for
deceased patients, the timing and
underlying and multiple causes of death).
Few other data sets have the capability
to assess subsequent post-acute mortality
after a hospitalization. Linking health
care utilization data with mortality data
provides a platform to assess patients’
risk for death, thereby providing
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information to inform opportunities to
intervene during care delivery, improve
patient monitoring postdischarge, and
consider policies to improve mortality
outcomes.

This report demonstrates the ability
of NHCS-NDI linked data to perform
the following analyses: a) identify
hospitalized patients according to a
specific condition or disease, b) assess
mortality outcomes among those patients
out to 1 year postdischarge, c) evaluate
causes of death among deceased patients,
and d) model risk of death associated
with various patient and hospitalization
characteristics.

Specifically, this report assesses
in-hospital and post-acute mortality for
adult patients diagnosed with pneumonia.
Pneumonia patients were included in
this report as an example of a common
cause of hospitalization; in 2018,
pneumonia was the fourth most common
principal diagnosis among inpatients,
excluding births (3). Additionally, acute
lower respiratory disease (pneumonia
and influenza) routinely is one of
the top 10 leading causes of death in
the United States (4). Several cohort
studies have assessed various aspects
of mortality and mortality risk during
and after hospitalizations for pneumonia
in the United States (5-10), including
a recent study of a large, national,
electronic health record data set that
assessed overall mortality and risk
of mortality among adults in the year
following hospitalization for pneumonia
from 2012-2018 (11). All-cause mortality
within 1 year of admission was 18%
and increased with age and severity of
comorbidities; however, cause-specific
mortality was not assessed, and mortality
status was ascertained from the initial
and subsequent hospital admissions,
likely missing out-of-hospital deaths.
This study seeks to build on findings
from these studies by using a large
sample of hospitalizations linked to
official mortality data to assess overall
and cause-specific mortality, timing of
death, and risk factors for death after
pneumonia-related hospitalizations.
Although NHCS data are unweighted
and are not nationally representative, the
purpose of this report is to demonstrate
the analytical capabilities of NHCS and
NDI linked data set.

Methods

Data sources

2016 National Hospital Care Survey

The target universe for NHCS
is inpatient discharges and in-person
visits made to EDs and OPDs in
noninstitutional and nonfederal hospitals
in the 50 states and the District of
Columbia that have six or more staffed
inpatient beds. Data are extracted from
hospital billing or electronic health
record systems and then transmitted
electronically directly to NCHS or its
designated agent. The 2016 sample
consisted of 581 hospitals: 506 were
acute care hospitals and 75 were other
specialty hospitals, including children’s,
psychiatric, long-term acute care, and
rehabilitation hospitals. Participation in
NHCS is voluntary. Since the launch of
the survey in 2011, the participation rate
has remained relatively low and was 27%
in 2016, with 158 out of the initial 581
sample hospitals participating. Because
of the low participation rate, the data
are unweighted and are not nationally
representative.

Of the 158 participating hospitals,
93% were acute care, with a small
number of psychiatric, children’s,
long-term acute-care, and rehabilitation
hospitals making up the remaining
7% of the sample. This report focused
solely on data from inpatient stays in
the 2016 NHCS. Participating hospitals
were asked to provide data on all
hospitalizations during the 2016 calendar
year, representing an unweighted total
of 2,591,722 hospitalizations. More
information on NHCS methodology is
available elsewhere (12). NHCS collects
personally identifiable information (PII)
(for example, patient name and date of
birth), which allows for both following
patients across hospital settings and
linkage to external data sources.

2016 National Hospital Care Survey
data linked to the 2016-2017
National Death Index

Through its data linkage program,
NCHS has expanded the analytic use
of the data collected from NHCS by
linking it with mortality data from NDI, a

component of the National Vital Statistics
System (13). NDI is a centralized
database of death record information
compiled from state vital statistics
offices. In collaboration with the states,
NCHS established NDI as a resource
for epidemiological follow-up studies
and other types of health and medical
research that require determination of the
mortality status of study subjects. These
mortality data are provided by the states
under contract agreements with NCHS
that specify how these data may be used,
for what purposes, and at what cost.
Currently, NDI contains about 85 million
records from 1979 through 2018 from
the 50 states, the District of Columbia,
Puerto Rico, and the U.S. Virgin Islands.
The linkage between 2016 NHCS
patient records and 2016-2017 NDI
death certificate records was based on
both deterministic and probabilistic
methods. The probabilistic linkage
method performed weighting and link
adjudication as described in the Fellegi—
Sunter paradigm, the foundational
methodology used for record linkage
(14). More information on NHCS-NDI
linkage methodology and the process for
determining patient mortality status is
available elsewhere (15).

Analytic sample

This report includes patients aged 18
and over who were hospitalized with a
pneumonia diagnosis in the 2016 NHCS.
Overall, 158 hospitals participated in the
2016 NHCS, of which 145 submitted
inpatient hospitalization records.
Hospitalizations were excluded from the
analysis if age, sex, date of discharge,
diagnosis code, or discharge code were
missing (27%). Seventeen hospitals did
not submit any inpatient records that
met inclusion criteria and accounted for
26% of all excluded hospitalizations.
The remaining 128 hospitals contributed
qualifying inpatient records with complete
data in these fields, however, 121 of those
hospitals also submitted nonqualifying
records that did not meet inclusion criteria.

Additionally, only patients with
sufficient PII for linkage with NDI
were included. Linkage eligibility was
defined as having usable information for
two of the three data element groups:
Social Security number, name, and date



National Health Statistics Reports ® Number 167 B January 25, 2022

Page 3

of birth (year, month, day) (15); 97
hospitals contributed inpatient records
that met the definition of a qualifying
hospitalization among patients who were
linkage eligible. For linkage-eligible
patients with more than one qualifying
hospitalization for pneumonia in 2016,
analyses were based on their most
recent hospitalization. Two-thirds of
patients with a qualifying pneumonia
hospitalization (67%) were eligible to
be linked to NDI. Nearly all pneumonia
patients who were ineligible for linkage
were from hospitals that did not provide
any patient records with PII (98%).
Among linkage-eligible patients who
died in the hospital according to their
discharge code, 100% matched to an
NDI record indicating the patient died.
Although the linked NHCS-NDI data set
provides up to 2 years of mortality data,
the current study restricted mortality
assessment postdischarge to 1 year

so that all patients alive after a 2016
hospitalization had an equal follow-up
period in which death could occur.

Inpatient stays for pneumonia

Hospitalizations for pneumonia were
identified as having an International
Classification of Diseases, 10th Revision,
Clinical Modification (ICD-10-CM)
code between J12-J18 listed in any
diagnosis variable. For some NHCS
sampled hospitals it was not possible to
identify the primary diagnosis, and for
other hospitals there were no present
on admission indicators. Therefore, all
available diagnoses were used to identify
patients hospitalized with pneumonia
in this report. Among all pneumonia
hospitalizations with these indicators,
only 22% specified pneumonia as the
primary diagnosis, while 87% indicated
that the pneumonia diagnosis was present
on admission.

Mortality outcomes

Mortality was assessed for
all linkage-eligible patients with a
qualifying hospitalization in 2016.
Mortality outcomes include: in-hospital
death; post-acute deaths occurring
0-30, 31-60, 61-90, and 91-365 days
posthospital discharge; and alive at 366
days postdischarge. In-hospital death
was assigned to patients with an NHCS
discharge code signifying death. Among

patients who were alive at discharge,
post-acute mortality outcomes were
assigned when patients linked to NDI
and NDI death date minus the NHCS
discharge date was less than or equal to
365 days. Patients were treated as alive
after 1 year if their NHCS discharge
status did not indicate in-hospital death
and they did not link to a death record
in the NDI data within 365 days of their
hospital discharge.

Cause of death

Cause of death for in-hospital and
post-acute mortality was assessed using
the 113 Underlying Cause-of-Death
Recodes Adapted for Use by NCHS’
Division of Vital Statistics in NDI
(16). Cause-of-death categories were
included based on their prevalence
among deceased patients in this cohort
(for example, malignant neoplasms,
cardiovascular disease, and chronic lower
respiratory disease) or based on their
relevance to this analysis (for example,
pneumonia). A death with any mention
of the following codes in either the
contributing or underlying cause of death
was categorized as follows:

e Cardiovascular disease recodes
053-069, 071-075

e  Chronic lower respiratory disease
recodes 082—-086

e  Malignant neoplasm recodes
019-043

e Pneumonia recodes 076, 078

All cause-of-death codes not listed
above were grouped into an “other”
category, including other respiratory
diseases (5%; includes influenza,
pneumonitis due to solids and liquids,
and pneumoconiosis), cerebrovascular
disease (4%), septicemia (3%), renal
failure (3%), and diabetes mellitus (3%).
All other specific cause-of-death codes
accounted for 2% or fewer of deaths in
this cohort.

Statistical analysis

Mortality outcomes were assessed
among linkage-eligible patients
hospitalized for pneumonia, overall and
by age cohort, including patients aged
18-44, 45-64, and 65 and over. Cause
of death among deceased patients was
assessed within each timing-of-death
category.

The risk of in-hospital and post-acute
mortality was then modeled using
hospitalization and patient characteristics.
Log-binomial regression was used to
estimate the following associations:

e Risk of in-hospital death by intensive
care unit (ICU) status (admitted to
ICU during hospitalization compared
with not admitted to ICU) among all
patients hospitalized with pneumonia

e Risk of death within 1 year by ICU
status among pneumonia patients
who were discharged from the
hospital.

Lastly, multivariate Poisson
regression with robust error variance was
used, as described by Zou (17) and Knol,
et al. (18), to model the adjusted risk of
death within 30 days among pneumonia
patients who were discharged from the
hospital. This model included independent
variables of age, sex, length of inpatient
stay, and ICU status. Age was treated as
continuous, with patients over age 97 set
equal to 97 years (n = 553, 1%). Length
of stay was treated as continuous with
hospital stays over 60 days set equal to
60 days (n =480, 1%). Risk ratios (RRs),
standard errors, and 95% confidence
intervals (CIs) are shown.

SAS version 9.4 (SAS Institute,
Cary, N.C.) was used for all data
analyses. These analyses are descriptive
only and are intended to represent
examples of analyses that can be
performed with these data. Any statistical
comparisons were included solely to
illustrate the capabilities of the data set,
not to produce official, representative
estimates for the condition examined.
Statements about the relative magnitude
of numbers or percentages in this report
do not imply statistical significance.

Results

There were 130,657 qualifying
pneumonia hospitalizations at an NHCS
hospital in 2016 among 114,090 patients
(data not shown). Of those, 89,448
qualifying hospitalizations were among
patients who were eligible to be linked to
NDI, resulting in a final cohort of 76,857
patients with a qualifying hospitalization
who were linkage-eligible (Table 1).
More than one-third of linkage-eligible
patients with pneumonia (35%) died
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during their hospitalization or within 1
year of their hospital discharge (Table 1).

Mortality outcomes

Figure 1 depicts mortality outcomes
among patients with a linkage-eligible
hospitalization for pneumonia.

e Among patients of all ages, 9% died
in the hospital, 9% died 0-30 days
after discharge, 16% died 31-365
days after discharge, and 65% were
alive at 366 days postdischarge.

e The percentage of patients who were

alive 1 year after discharge decreased

with age, with 86% of patients aged

18-44, 73% of patients aged 45—64,

and 57% of patients aged 65 and

over alive at 366 days postdischarge.
e The percentage of patients who

died during a hospitalization for

pneumonia increased with age

(5% of patients aged 1844, 8% of

patients 45—64, and 11% of patients

65 and over).

Cause of death

Figure 2 presents the cause of death
for pneumonia patients who died in the
hospital or within 1 year of discharge.

e Pneumonia as a cause of death was
more prevalent among patients who
died in the hospital (11%) compared
with patients who died 0-30 days
(3%), 31-60 days (3%), 61-90 days
(3%), and 91-365 days (2%)
postdischarge.

Cardiovascular disease as a cause
of death increased from 16% of
pneumonia patients who died in
the hospital to 24% of pneumonia
patients who died 90-365 days
postdischarge.

e Similarly, chronic lower respiratory
disease as a cause of death increased
from 7% of pneumonia patients
who died in the hospital to 11% of
pneumonia patients who died 90-365
days postdischarge.

e For all deaths combined, malignant
neoplasm was the most common

Figure 1. Mortality outcomes among hospitalized pneumonia adult patients, by age

underlying cause of death for
pneumonia patients who died in

the hospital or within 1 year of
discharge (26%). This was true for
each timing-of-death category except
91-365 days, where malignant
neoplasms and cardiovascular
disease both accounted for 24% of
deaths occurring at that time.

Risk of death

Table 2 shows the risk of in-hospital
death by ICU status among all patients
hospitalized for pneumonia.

e Pneumonia patients who were
admitted to ICU had nearly four
times the risk of dying in the
hospital than patients who were not
admitted to ICU (RR: 3.77, 95%
CI: 3.57-3.98).

Table 3 shows the mortality risk
within 365 days after discharge by ICU
status among pneumonia patients who
were discharged alive.

All ages 3

18-44

4564

65 and over

Died in hospital

Died 0-30 days’
Il Died 31-60 days'
Died 61-90 days’
[ Died 91-365 days'
Il Alive at 366 days'

86

"Postdischarge.
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Percent of patients

NOTES: This graph depicts mortality outcomes among 76,857 unique patients hospitalized for pneumonia. Pneumonia was defined by International Classification of Diseases, 10th Revision
diagnosis codes J12.0-J18.9, in any diagnosis field. Mortality outcome estimates within age categories may not add to 100% due to rounding.
SOURCE: National Center for Health Statistics, 2016 National Hospital Care Survey data linked to the 2016—-2017 National Death Index.
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Figure 2. Causes of death among deceased pneumonia adult patients, by timing of death
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NOTES: There were 26,962 hospitalized pneumonia patients who died in the hospital or within 365 days of discharge. A pneumonia hospitalization was defined by International Classification
of Diseases, 10th Revision diagnosis codes J12.0-J18.9, in any diagnosis field. Cause of death was determined using underlying cause-of-death recodes (UCOD_113), available from:
https://www.cdc.gov/nchs/data/datalinkage/underlying_and_multiple_cause_of_death_codes.pdf. Cause-of-death estimates within timing-of-death categories may not add to 100% due

SOURCE: National Center for Health Statistics, 2016 National Hospital Care Survey data linked to the 2016—-2017 National Death Index.

Of pneumonia patients who were
discharged alive from the hospital,
those who were admitted to ICU
while hospitalized had a 30%
increased risk of death within 1
year than patients who were not
admitted to ICU (RR: 1.30, 95% CI:
1.27-1.33).

Table 4 depicts adjusted risk of
death within 30 days of discharge among
pneumonia patients who were discharged
from the hospital, modeled by sex, age,
length of stay, and ICU status.

e  Male patients had a 21% higher risk
of death within 30 days than female
patients (adjusted RR [aRR]: 1.21,
95% CI: 1.16-1.26), after adjusting
for age, length of stay, and ICU
status.

For every 1-year increase in age, risk
of death within 30 days of discharge
among pneumonia patients increased
by 4% after adjusting for sex, length
of stay, and ICU status (aRR: 1.04,
95% CI: 1.04-1.04).

For every 1-day increase in length of
stay, risk of death within 30 days of
discharge among pneumonia patients
increased by 2% after adjusting for
sex, age, and ICU status (aRR: 1.02,
95% CI: 1.02-1.03).

Patients who were admitted to ICU
while hospitalized for pneumonia
had a 41% higher risk of death
within 30 days than patients who
were not admitted to ICU (aRR:
1.41, 95% CI: 1.35-1.48), after
adjusting for sex, age, and length of
stay.

Summary

This report adds to previous efforts
(19-22) that describe and demonstrate
the capability of NHCS data linked to
NDI to assess relationships between
hospital care experiences and subsequent
mortality. Although descriptive in nature,
these analyses showcase the richness of
these linked data in describing in-hospital

and post-acute mortality for specific
patient populations, as well as assessing
mortality risk based on patient and
hospitalization characteristics.

In this report, the results showed that
over one-third of patients hospitalized
for pneumonia in the 2016 NHCS died in
the hospital or within 1 year of discharge,
which is somewhat higher than other
cohort studies from this timeframe that
measured all-cause mortality among
patients hospitalized for pneumonia
1 year postdischarge (5,11). However,
these studies were also not nationally
representative and had stricter inclusion
criteria for their cohort, such as requiring
a primary pneumonia diagnosis or
radiological evidence of pneumonia.
Additionally, one study did not use linked
mortality data (11) and the other assessed
pneumonia hospitalizations from only
one city in the United States (5), all of
which likely contributed to differences in
mortality rates.

Results in this report also showed
that only 5% of deaths among patients
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hospitalized for pneumonia listed
pneumonia as an underlying or
contributing cause of death. Studies
have also found pneumonia to be an
infrequent contributing cause of death
for pneumonia patients who died in

the hospital (23) or postdischarge (24).
Lastly, these linked data allow for the
assessment of risk of death using both
patient and hospitalization characteristics.
For example, pneumonia patients who
were admitted to ICU were four times
more likely to die in the hospital than
patients not admitted to ICU; even among
patients who were discharged alive,
admission to ICU predicted risk of death
within 1 year. This aligns with previous
studies that have shown increased risk
of mortality among pneumonia patients
admitted to ICU (9,25) or as length of
ICU stay increased (8).

Findings should be considered
within the context of this study’s
limitations. First, the 2016 NHCS data
are not nationally representative and are
therefore not generalizable beyond the
responding sample of hospitals. Second,
models of mortality risk included a small
number of predictor variables; other
contributing factors that were not or
could not be assessed in this study may
further explain these results. Additionally,
not all NHCS sampled hospitals provided
data on primary or first-listed diagnoses
or whether diagnoses were present on
admission. Consequently, this study
could neither assess hospitalizations
with pneumonia as a primary diagnosis
nor distinguish between hospitalizations
for community-acquired compared with
hospital-acquired pneumonia. Lastly,
this study lacked the ability to examine
findings by patient race and ethnicity,
as the 2016 NHCS did not collect this
information.

NCHS expects the number hospitals
participating in NHCS to increase in
future years, as it moves toward collecting
patient data through electronic health
records. As participation in NHCS
grows and these data become more
representative, data linked to NDI will
provide more comprehensive assessment
of the relationships between hospital care
utilization and mortality among various
patient cohorts.
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Table 1. Criteria for defining qualifying pneumonia hospitalizations and linkage-eligible patients

Characteristic N Percent

Hospitalizations, total and by compounding inclusion criteria

Total hospitalizations in 2016 National Hospital Care Survey. ... ..................... 2,591,722 100
With a pneumonia diagnosis. . . . . ...ttt 159,945 6
Among patientsaged 18 andover .......... ... ... .. . i 144,317 6
With complete sex and discharge data (qualifying hospitalizations) . . ................ 130,657 5
Among patients eligible to be linked to the National Death Index. . .................. 89,448 4

Patients, total and by mortality status

Total linkage-eligible patients with a qualifying pneumonia hospitalization. .. ... ......... 76,857 100
Who died in hospital or within 1 yearof discharge . ... ........... ... .. ... .. ... ... 26,962 35
Who were alive 1 year afterdischarge ................ ... ... ... ... ... ... 49,895 65

NOTES: Table 1 shows the progression of inclusion criteria applied to all 2016 National Hospital Care Survey hospitalizations. There were 89,448 qualifying pneumonia hospitalizations among 76,857
linkage-eligible patients. For patients who had more than one qualifying hospitalization, their most recent qualifying hospitalization was used for analysis.

SOURCE: National Center for Health Statistics, 2016 National Hospital Care Survey data linked to the 2016—2017 National Death Index.

Table 2. Risk of in-hospital death, by Intensive Care Unit status among all pneumonia patients

In-hospital death

95% confidence

ICU admission Yes No Risk Risk ratio Standard error interval
Yes ..o 5,649 31,315 0.15 3.77 0.10 3.57-3.98
No. ... 1,617 38,276 0.04

... Category not applicable.

NOTES: ICU is intensive care unit. There were 76,857 linkage-eligible patients with a qualifying pneumonia hospitalization. Pneumonia was defined by International Classification of Diseases, 10th
Revision diagnosis codes between J12.0-J18.9, in any diagnosis field.

SOURCE: National Center for Health Statistics, 2016 National Hospital Care Survey data linked to the 20162017 National Death Index.

Table 3. Risk of death within 365 days, by Intensive Care Unit status among discharged pneumonia patients

Post-acute death

95% confidence

ICU admission Yes No Risk Risk ratio Standard error interval
Yes oo 10,150 21,165 0.32 1.30 0.02 1.27-1.33
No. ... 9,546 28,730 0.25

... Category not applicable.

NOTES: ICU is intensive care unit. There were 69,591 linkage-eligible patients with a qualifying pneumonia hospitalization who were discharged alive. Pneumonia was defined by International
Classification of Diseases, 10th Revision diagnosis codes between J12.0-J18.9, in any diagnosis field.

SOURCE: National Center for Health Statistics, 2016 National Hospital Care Survey data linked to the 2016—2017 National Death Index.

Table 4. Risk of death within 30 days among discharged pneumonia patients

95% confidence

Predictor Adjusted risk ratio Standard error interval
Sex(male) ...................... 1.21 0.03 (1.16-1.26)
Agett .o 1.04 0.00 (1.04-1.04)
Lengthof stayt§.................. 1.02 0.00 (1.02-1.03)
ICU admission (yes) .. ............. 1.41 0.05 (1.35-1.48)
Intercept . .......... ... . Ll -5.34 0.07

1 Continuous predictor variable.

1 Patients over age 97 were set equal to 97 years (553 patients, 1%).

§ Hospitalization stays longer than 60 days were set equal to 60 days (480 patients, 1%).
... Category not applicable.

NOTES: ICU is intensive care unit. There were 69,591 linkage-eligible patients with a qualifying pneumonia hospitalization who
were discharged alive. Pneumonia was defined by International Classification of Diseases, 10th Revision diagnosis codes J12.0—
J18.9, in any diagnosis field. Risk ratios for individual predictors are adjusted for all other variables in this table.

SOURCE: National Center for Health Statistics, 2016 National Hospital Care Survey data linked to the 2016-2017 National Death Index.
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