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Abstract
Problem/Condition: Serious developmental disabilities affect approximately 2% of
school-age children and are lifelong conditions that incur substantial financial and
societal costs.
Reporting Period: January 1991-December 1991.
Description of System: The Metropolitan Atlanta Developmental Disabilities Surveil-
lance Program (MADDSP) monitors the prevalence of four serious developmental
disabilities—mental retardation, cerebral palsy, vision impairment, and hearing im-
pairment—among children 3-10 years of age in the five-county metropolitan-Atlanta
area. Children who have at least one of the four developmental disabilities are ascer-
tained through annual review of records at schools, hospitals, and other sources.
Results and Interpretation: During 1991, rates for mental retardation varied by age,
race, and sex; rates ranged from 5.2 per 1,000 children to 16.6 per 1,000 children.
Regardless of the absolute rate of mental retardation in each of the age-, race-, and
sex-specific categories, severe mental retardation (i.e., an intelligence quotient of <50)
accounted for one third of all cases. The overall crude rate of cerebral palsy was 2.4
per 1,000 children; however, the rate was higher among black children (3.1 per 1,000
children) than among white children (2.0 per 1,000 children). The rate of moderate to
severe hearing impairment was 1.1 per 1,000 children, and the rate of vision impair-
ment was 0.8 per 1,000 children. Rates of hearing impairment were higher among
black males than among children in the other race and sex groups, whereas rates for
vision impairment varied only slightly between these groups. The rates of the devel-
opmental disabilities were not adjusted for possible confounding factors (e.g.,
maternal education, family income, and various medical conditions). Consequently,
the variation in rates may reflect social or other characteristics unique to the study
population.
Actions Taken: MADDSP data will be used to direct early childhood intervention
efforts to reduce the prevalence of these four developmental disabilities. MADDSP
data also are being used to measure progress toward the year 2000 national objec-
tives for the prevention of serious mental retardation.
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INTRODUCTION

Since 1968, CDC has conducted surveillance for birth defects (i.e., structural malfor-
mations and genetic diseases) in the five-county metropolitan-Atlanta area (1).
However, those birth defects that generally are evident at birth (e.g., cleft palate and
spina bifida) represent only part of a spectrum of developmental problems that appear
during childhood. Other conditions (e.g., mental retardation, autism, and cerebral
palsy) usually are manifested after infancy and may be sufficiently severe to require
specialized medical and educational services for many years (2). Such conditions are
referred to as developmental disabilities.

To address the problem of developmental disabilities among children, CDC and the
Georgia Department of Human Resources initiated the Metropolitan Atlanta Develop-
mental Disabilities Study in 1984. For this study, which was conducted in Atlanta
during 1985-1987, investigators devised methods for determining the prevalence
of mental retardation, epilepsy, cerebral palsy, blindness, and hearing impairment
among children 10 years of age (3). Children who had these conditions were identi-
fied by searching record systems of sources that were likely to contain information
relating to the evaluation or treatment of children who have developmental disabili-
ties (e.g., schools, hospitals, and state programs for persons who have developmental
disabilites). The majority of the children were identified through special-education de-
partments within the Atlanta-area public school systems. The success of this study
prompted CDC to establish the Metropolitan Atlanta Developmental Disabilities
Surveillance Program (MADDSP) in 1991, an ongoing system for monitoring the oc-
currence of selected developmental disabilities.

The two principal objectives of MADDSP are to a) provide regular and systematic
monitoring of prevalence rates for selected developmental disabilities according to
various demographic characteristics of children and their mothers (which is the focus
of this report) and b) provide a framework for initiating special studies of children who
have the selected developmental disabilities by establishing a population-based case
series of such children. In the future, MADDSP data will be used to measure progress
toward the year 2000 national objectives (4) for the prevention of serious mental
retardation.

METHODS

MADDSP was established to ascertain all children who have one or more of four
developmental disabilities—mental retardation, cerebral palsy, hearing impairment,
and vision impairment—in the five-county (i.e., Clayton, Cobb, DeKalb, Fulton, and
Gwinnett) metropolitan-Atlanta area. In 1990, this area had an estimated population of
2.2 million persons, 39,000 births, and 249,500 children 3-10 years of age. This area
has an active birth defects surveillance program—the Metropolitan Atlanta Congenital
Defects Program, which is operated by CDC. Consequently, additional medical data
can be obtained by linking the children identified through MADDSP to the birth defects
registry.

As a consequence of the Individuals with Disabilities Education Act* (5), most
children eligible for MADDSP are either enrolled in special education programs at
nine public school systems serving the study area or enrolled in other Georgia Depart-
ment of Education programs for children who have developmental disabilities

*Public Law 94-142.
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(e.g., state schools for children who are hearing or vision impaired and regional psy-
choeducational centers) (5). Additional sources used to identify children who are
eligible for inclusion in MADDSP include a) Georgia Department of Human Resources
facilities that provide services for children who have developmental disabilities and
b) two metropolitan-Atlanta—area pediatric-care hospitals, one public hospital, and the
clinics associated with these facilities.

Source records (e.g., medical and school records) are reviewed annually for chil-
dren who are potentially eligible for inclusion in the surveillance program. Because
most cases of these developmental disabilities are considered lifelong conditions (3),
children who have been included in MADDSP in a previous year are included in cur-
rent year prevalence rates if they still meet age and residence requirements. A child’s
record is re-examined (on the basis of a time schedule that considers the child’s age
and underlying diagnosis) to verify and update the child’s diagnostic information.

Case Definition

For the purposes of MADDSP, a case is defined as a child a) who is 3-10 years of age
at any time during the study year of interest; b) whose parent(s) or legal guardian(s)
reside in the five-county metropolitan-Atlanta area during the study year of interest;
and c) who has one or more of the four developmental disabilities. The age range of
3-10 years was chosen because the lower boundary (i.e., 3 years of age) corresponds
to the beginning of the age span covered by Part B of the Individuals with Disabilities
Education Act (5), and the upper boundary (i.e., 10 years of age) is the age at which
most children served under the Act should have entered special education programs.

Developmental Disability Definitions

* Mental retardation is (for the purposes of this surveillance program) a condition
marked by an intelligence quotient (IQ) of <70 on the most recently administered
standardized psychometric test. In the absence of an IQ-test score, a written
statement by a psychometrist that a child’s intellectual functioning falls within
the range for mental retardation is acceptable. The severity of mental retardation
is defined according to the following International Classification of Disease, Ninth
Edition, Clinical Modification (ICD-9-CM) categories: mild (an 1Q of 50-70), mod-
erate (an IQ of 35-49), severe (an IQ of 20-34), and profound (an 1Q of <20) (6).

® Cerebral palsy is a group of nonprogressive, but often changing, motor impair-
ment syndromes secondary to lesions or anomalies of the brain arising at any
time during brain development (7). For this surveillance system, the definition
includes postnatally acquired cerebral palsy diagnosed before 11 years of age.
Children are included in the surveillance system if they have been a) diagnosed
as having cerebral palsy by a qualified physician or b) identified by other quali-
fied professionals (e.g., physical and occupational therapists) as having this
disability on the basis of physical findings noted in source records. Cerebral palsy
is categorized as ““disabling” or “nondisabling” on the basis of the degree of the
affected child’s ambulation and use of assistive devices (8). Children who have
nondisabling cerebral palsy are fully ambulatory and do not require the use of
assistive devices, whereas children who have disabling cerebral palsy require the
use of assistive devices for ambulation (either intermittently or at all times).
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® Vision impairmentis a measured visual acuity of 20/70 or worse, with correction,
in the better eye. In the absence of a measured visual acuity, a child is considered
visually impaired if a source record includes a) a functional description, by an eye
specialist, of visual acuity of 20/70 or worse or b) a statement by an eye specialist
that the child has low vision or blindness. Severity of visual impairment is
defined using the following ICD-9-CM categories: moderate visual impairment
(corrected visual acuity of 20/70-20/160), severe visual impairment (corrected vis-
ual acuity of 20/200-20/400), and profound, near total, and total visual
impairment, which were grouped together (corrected visual acuity of 20/500 or
worse) (6).

* Hearing impairment is a measured, bilateral, pure-tone hearing loss at frequen-
cies of 500, 1,000, and 2,000 hertz averaging 40 decibels (dBs) or more, unaided,
in the better ear. In the absence of a measured, bilateral hearing loss, children
meet the case definition if their source records include a description, by a li-
censed or certified audiologist or qualified physician, of a hearing loss of 40 dBs
or more in the better ear. For this program, severity was defined on the basis of
the following hearing impairment levels (measured in the better ear): moderate
(a hearing loss of 40-64 dBs), severe (a hearing loss of 65-84 dBs), and profound
(a hearing loss of =85 dBs) (9).

Data Collection

In addition to a standard list of demographic variables and identifying information,
MADDSP collects both the earliest and most recent evaluation data relevant to the
child’s specific disabilities. For example, for children whose disability meets the case
definition for mental retardation, scores on both the earliest and most recent tests of
cognitive functioning are recorded, whereas for those whose disability meets the defi-
nition for hearing impairment, both the earliest and most recent hearing level in each
ear and the type of hearing loss are recorded. Information concerning associated
medical conditions (e.g., chromosomal defects or unintentional injuries) that may be
associated with the etiology of the developmental disability is also collected. Data are
collected for race because of previously reported race-specific differences in the
prevalences of these disabilities (10). Race is obtained from source records.

Analysis

The 1990 U.S. Census data were used to calculate point-prevalence rates for 1991
for children 2-9 years of age (who were 3-10 years of age in 1991) in the five-county
metropolitan-Atlanta area. Both the overall rate of each developmental disability and
rates by level of severity were calculated. Rates were calculated by race (i.e., white and
black), sex, and age. Other race groups were not included in this report because of the
limited number of reported cases among other races. Age represents the age the child
reached in 1991.

Point-prevalence rates were calculated rather than birth-cohort prevalence rates (or
ratios) because they represent the burden of disease in the population at one particu-
lar time (11). Moreover, these rates are the more appropriate measure for the data
collected because they reflect all cases rather than the subset involving children who
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were born in the study area. Children were counted in more than one rate if they had
more than one of the four disabilities.

RESULTS

In metropolitan Atlanta during 1991, a total of 2,692 children were identified as
having one or more of the four developmental disabilities. Eighteen percent of these
children had more than one developmental disability, representing a total of 3,295
disabilities.

Source of Ascertainment

With the exception of children who had cerebral palsy, >90% of children who had
developmental disabilities were identified through one of the Georgia Department of
Education sources. Among children identified as having cerebral palsy, 17% were
identified from hospital records, and 7% were identified from a Department of Human
Resources’ source.

Mental Retardation

The overall prevalence of mental retardation was 8.7 per 1,000 children 3-10 years
of age, and approximately two thirds of cases were of mild severity (Table 1). The
prevalence of mental retardation varied with age, increasing from 5.2 per 1,000 chil-
dren 3-4 years of age to 12.3 per 1,000 children 9-10 years of age. This increase in
reported prevalence with advancing age occurred among children who had mild and
moderate mental retardation but not among those who had severe or profound men-
tal retardation; for these categories, the rate was relatively constant with advancing
age.

Rates of mental retardation for black males were 3.1, 2.4, and 1.7 times higher than
rates for white females, white males, and black females, respectively (Table 2). This
pattern was found within each level of mental retardation, with the exception of pro-
found mental retardation. In each of the sex-race-specific groups, regardless of the
absolute rate of mental retardation, two thirds of the children were in the mild range.

Cerebral Palsy

The overall rate of cerebral palsy was 2.4 per 1,000 children 3-10 years of age (Ta-
ble 3). An age-specific pattern was evident—the youngest children had the lowest
prevalence rates, and children in the middle age range (i.e., 5-6 years of age) had the
highest rates; this pattern was found for disabling, but not for nondisabling, cerebral
palsy.

Rates of nondisabling cerebral palsy were higher for black children than for white
children (Table 4). Although a similar disparity between races occurred among chil-
dren with disabling cerebral palsy, the magnitude of the difference was considerably
less. Black females and black males had similar rates of both disabling and nondisa-
bling cerebral palsy. Compared with white males, white females had lower rates of
nondisabling cerebral palsy but similar rates of disabling cerebral palsy.

Eleven percent of the children who had cerebral palsy (N=58) had a postnatal cause
for their disability, resulting in a prevalence of 0.2 per 1,000 children for acquired



TABLE 1. Age-specific prevalence of mental retardation among children 3-10 years of age, by level of mental retardation —
Metropolitan Atlanta Developmental Disabilities Surveillance Program, 1991

Level of mental retardation*

Mild Moderate Severe Profound Total®
Age (yrs) No. Rate$ No. Rate$ No. Rate$ No. Rate$ No. Rate$
34 244 3.7 36 0.5 21 0.3 30 0.5 343 5.2
5-6 295 4.7 89 1.4 65 1.0 31 0.5 483 7.6
7-8 409 6.6 110 1.8 71 1.1 28 0.5 620 10.0
9-10 499 8.2 166 2.7 59 1.0 23 0.4 747 12.3
Total 1,447 5.7 401 1.6 216 0.9 112 0.4 2,193 8.7

*Mild=intelligence quotient (IQ) of 50-70; moderate=IQ of 35-49; severe=IQ of 20-34; and profound=IQ of <20.
TIncludes 17 children whose level of mental retardation was unknown.
8Rate per 1,000 children.

TABLE 2. Prevalence of mental retardation among children 3-10 years of age, by level of mental retardation, sex, and race
— Metropolitan Atlanta Developmental Disabilities Surveillance Program, 1991

Level of mental retardation*

Mild Moderate Severe Profound Total®

Sex Race No. Rate$ No. Rate$ No. Rate$ No. Rate$ No. Rate$

Male White 330 4.4 94 1.3 51 0.7 22 0.3 503 6.8
Black 538 11.3 149 3.1 78 1.6 24 0.5 791 16.6
Total 892 6.9 255 2.0 133 1.0 48 0.4 1,335 10.4

Female White 255 3.6 58 0.8 33 0.5 32 0.5 384 5.4
Black 292 6.3 81 1.7 48 1.0 31 0.7 454 9.8
Total 557 4.5 146 1.2 83 0.7 64 0.5 858

Total White 586 4.0 152 1.0 84 0.6 54 0.4 887 6.1
Black 829 8.8 230 2.4 126 1.3 55 0.6 1,245 13.2
Totalf 1,447 57 401 1.6 216 0.9 112 0.4 2,193

*Mild=intelligence quotient (IQ) of 50-70; moderate=IQ of 35-49; severe=IQ of 20-34; and profound=IQ of <20.
TIncludes 17 children whose level of mental retardation was unknown.

8Rate per 1,000 children.

fincludes 61 children of races other than white or black.
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TABLE 3. Age-specific prevalence of cerebral palsy (CP) among children 3-10 years of
age, by severity — Metropolitan Atlanta Developmental Disabilities Surveillance
Program, 1991

Severity of CP
Nondisabling CP Disabling CP* Total CPT
Age (yrs) No. Rate$ No. Rate$ No. Rate$
3-4 48 0.7 63 1.0 135 2.0
5-6 61 1.0 98 1.6 177 2.8
7-8 58 0.9 94 1.5 159 2.6
9-10 53 0.9 78 1.3 137 2.3
Total 220 0.9 333 1.3 599 2.4

*Children in this category require the use of assisted devices for ambulation either intermittently
or at all times.

TIncludes 46 children who had CP of unknown severity.

8Rate per 1,000 children.

TABLE 4. Prevalence of cerebral palsy (CP) among children 3-10 years of age, by
severity, sex, and race — Metropolitan Atlanta Developmental Disabilities Surveil-
lance Program, 1991

Severity of CP
Nondisabling CP Disabling CP* Total CPT

Sex Race No. Rate$ No. Rate$ No. Rate$
Male White 56 0.8 92 1.2 157 2.1

Black 66 1.4 71 15 154 3.2

Total 129 1.0 169 1.3 322 2.5
Female White 32 0.5 89 1.3 130 1.8

Black 55 1.2 70 15 138 3.0

Total 91 0.7 164 1.3 277 2.2
Total White 90 0.6 181 1.3 287 2.0

Black 121 1.3 141 15 292 3.1

Totalf 220 0.9 333 1.3 599 2.4

*Children in this category require the use of assisted devices for ambulation either intermittently
or at all times.

TIncludes 46 children who had CP of unknown severity.

SRate per 1,000 children.

fincludes 21 children of races other than white or black.
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cerebral palsy and 2.2 per 1,000 children for congenital cerebral palsy. Eighty-three
percent of all children who had cerebral palsy had spastic cerebral palsy, 2% had
dyskinetic cerebral palsy, 1% had ataxic cerebral palsy, and 7% had other types of
cerebral palsy. The type of cerebral palsy could not be determined from the available
records for 7% of affected children.

Hearing Impairment

The overall prevalence of hearing impairment was 1.1 per 1,000 children 3-10 years
of age, and the rate increased steadily with age (Table 5)—a trend that generally was
found for all severity levels. Overall rates of hearing impairment were higher for black
males than for other race and sex groups (Table 6).

The predominant type of hearing impairment was sensorineural (79%), followed by
conductive hearing impairment (6%), and both sensorineural and conductive com-
bined (3%). The type of hearing loss was unknown for 12% of children.

Vision Impairment

The overall prevalence rate for vision impairment was 0.8 per 1,000 children 3-
10 years of age. The prevalence of vision impairment increased with age up to the age
of 7 years and then leveled off (Table 7). This pattern was observed for all severity
levels of vision impairment. The prevalence of vision impairment was similar among
the various race- and sex-specific subgroups of children (Table 8).

Coexisting Developmental Disabilities

Seventy-three percent of children who had vision impairment and 66% of those
who had cerebral palsy met the case definition for one of the other developmental
disabilities included in MADDSP (primarily mental retardation and vision impairment
for children who had cerebral palsy and mental retardation and cerebral palsy for chil-
dren who had vision impairment) (Table 9). In contrast, only 22% of children who had
mental retardation and 23% of children who had hearing impairment had coexisting

TABLE 5. Age-specific prevalence of hearing impairment among children 3-10 years
of age, by level of impairment — Metropolitan Atlanta Developmental Disabilities
Surveillance Program, 1991

Level of hearing impairment*

Moderate Severe Profound Total
Age (yrs) No. Ratet No. Rate' No. Rate' No. Rate'
34 23 0.4 11 0.2 25 0.4 59 0.9
56 26 0.4 15 0.2 19 0.3 60 1.0
7-8 31 0.5 17 0.3 30 0.5 78 1.3
9-10 39 0.6 20 0.3 27 0.4 86 1.4
Total 119 0.5 63 0.3 101 0.4 283 1.1

*Moderate=children who had a hearing loss of 40-64 decibles (dBs); severe=children who had
a hearing loss of 65-84 dBs; and profound=children who had a hearing loss of =85 dBs.
TRate per 1,000 children.



TABLE 6. Prevalence of hearing impairment among children 3-10 years of age, by level of impairment, sex, and race —
Metropolitan Atlanta Developmental Disabilities Surveillance Program, 1991

Level of hearing impairment*

Moderate Severe Profound Total

Sex Race No. Ratet No. Ratet No. Ratet No. Ratet

Male White 32 0.4 20 0.3 27 3.6 79 1.1
Black 32 0.7 16 0.3 26 55 74 1.6
Total 70 0.5 39 0.3 57 4.4 166 1.3

Female White 32 0.5 13 0.2 19 2.7 64 0.9
Black 14 0.3 11 0.2 22 4.7 47 1.0
Total 49 0.4 24 0.2 44 3.6 117

Total White 64 0.4 33 0.2 46 3.2 143 1.0
Black 46 0.5 27 0.3 48 51 121 1.3
Total’ 119 0.5 63 0.3 101 4.0 283 1.1

*Moderate=children who had a hearing loss of 40-64 decibles (dBs); severe=children who had a hearing loss of 65-84 dBs; and pro-
found=children who had a hearing loss of =85 dBs.

TRate per 1,000 children.

S8Includes 19 children in racial groups other than white or black.

TABLE 7. Age-specific prevalence of vision impairment among children 3-10 years of age, by level of impairment —
Metropolitan Atlanta Developmental Disabilities Surveillance Program, 1991

Level of vision impairment*

Moderate Severe Profound Totalt
Age (yrs) No. Rate$ No. Rate$ No. Rate$ No. Rate$
34 2 <0.1 8 0.1 11 0.2 29 0.4
5-6 5 0.1 22 0.4 14 0.2 52 0.8
7-8 20 0.3 16 0.3 23 0.4 69 1.1
9-10 13 0.2 22 0.4 16 0.3 59 1.0
Total 40 0.2 68 0.3 64 0.3 209 0.8

*Moderate=children who had visual acuity (VA) of 20/70-20/160; severe=children who had VA of 20/200-20/400; and profound=children
who had VA of =20/500.

TIncludes 37 children whose level of vision impairment was unknown.

SRate per 1,000 children.
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TABLE 8. Prevalence of vision impairment among children 3-10 years of age, by level of impairment, sex, and race —
Metropolitan Atlanta Developmental Disabilities Surveillance Program, 1991

Level of vision impairment*

Moderate Severe Profound Total®

Sex Race No. Rate8 No. Rate8 No. Rate$ No. Rate$

Male White 16 0.2 26 0.4 19 0.3 70 0.9
Black 10 0.2 13 0.3 12 0.3 42 0.9
Total 26 0.2 42 0.3 32 0.3 117 0.9

Female White 7 0.1 16 0.2 17 0.2 51 0.7
Black 5 0.1 10 0.2 15 0.3 39 0.8
Total 14 0.1 26 0.2 32 0.3 92

Total White 23 0.2 42 0.3 36 0.3 121 0.8
Black 15 0.2 23 0.2 27 0.3 81 0.9
Total' 40 0.2 68 0.3 64 0.3 209 0.8

*Moderate=children who had visual acuity (VA) of 20/70-20/160; severe=children who had VA of 20/200-20/400; and profound=children
who had VA of >20/500.

TIncludes 37 children whose level of vision impairment was unknown.

SRate per 1,000 children.

fincludes seven vision-impaired children in racial groups other than white or black.

TABLE 9. Number and percentage of disabled children 3-10 years of age who had coexisting developmental disabilities, by
type of disability — Metropolitan Atlanta Developmental Disabilities Surveillance Program, 1991

Type of coexisting disability

Any coexisting

developmental Mental Cerebral Hearing Vision

Type of No. of disability* retardation palsy impairment impairment
disability children No. (%) No. (%) No. (%) No. (%) No. (%)
Mental retardation 2,193 473 (22) — — 381 a7 58 3) 145 (7
Cerebral palsy 599 396 (66) 381 (64) — — 22 (4) 101 a7)
Hearing

impairment 283 66 (23) 58 (20) 22 ( 8) — — 6 (2)
Vision impairment 209 152 (73) 145 (69) 101 (48) 6 3) — —

*The numbers in this column are less than the sum of the four types of disabilities because some children had more than one additional
disability.
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conditions (primarily cerebral palsy for children who had mental retardation and men-
tal retardation for children who had hearing impairment).

Age at First Diagnosis

Only 10% of children who had mental retardation, 35% of children who had cere-
bral palsy, 17% of those who had hearing impairment, and 17% of those who had
vision impairment were first diagnosed before 2 years of age. Children who had more
severe forms of a developmental disability generally were diagnosed at an earlier age.
For example, 36% of children who had profound mental retardation were identified
before the age of 2 years compared with only 7% of children who had mild mental
retardation. However, by 5 years of age, 67% of children who had mental retardation,
87% of children who had cerebral palsy, 83% of children who had hearing impairment,
and 70% of children who had vision impairment had been identified.

DISCUSSION

Developmental disabilities are lifelong conditions that result in substantial emo-
tional, psychological, and financial costs to affected persons, their families, and
society. The direct and indirect lifetime costs for cerebral palsy were recently esti-
mated to be $445,000 (in 1988 dollars) per affected person (12). MADDSP data
indicate that 1% of children 3-10 years of age in metropolitan Atlanta have a serious
developmental disability and that 16% of these affected children have more than one
developmental disability. Furthermore, although MADDSP includes most of the major
developmental disabilities, some disabilities (e.g., autism and epilepsy) have not yet
been incorporated into MADDSP. Other disabilities (e.g., learning and behavioral dis-
abilities) are more difficult to identify and include in a surveillance system; the
inclusion of such disabilities likely would substantially increase the prevalence of de-
velopmental disabilities.

The validity of the ascertainment methodology of MADDSP relies on the conse-
quences of the Individuals with Disabilities Education Act (5). Because this law
requires public schools to provide educational services to children who have develop-
mental problems, public schools must identify and maintain information concerning
such children. MADDSP has employed this requirement to assist in and enhance sur-
veillance; however, nearly 20% of children who had cerebral palsy were identified
from sources other than educational services.

Although MADDSP is an active surveillance system, its function is dependent on
data collected and used for purposes other than public health surveillance. Conse-
quently, some records do not contain the information necessary to determine a child’s
eligibility for MADDSP. Although few children were found to be ineligible for inclusion
because of insufficient information, some eligible children may have been excluded
from surveillance because they were not identified as having the disability or, even if
they were identified previously, did not need continuing special care or services.
These children are likely those with milder forms of the disabilities. School-age chil-
dren are screened periodically for vision and hearing impairments, whereas children
who have mental retardation or cerebral palsy are identified by the medical and edu-
cational systems because of their need for special care or because they cannot adapt
or function successfully in their environment. Because not all school-age children are
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systematically evaluated for cognitive and motor deficits, some biases may increase
the likelihood of identifying children who have certain demographic or socioeconomic
characteristics.

The specific findings from MADDSP are consistent with findings from previous
studies and expand the knowledge of the epidemiology of developmental disabilities
in a large U.S. population group. Specifically, MADDSP rates for each of the disabili-
ties among children 10 years of age concur with those of a previous CDC study of
children 10 years of age that involved a more detailed ascertainment procedure (Ta-
ble 10) (4) and are within the ranges reported in other studies (13-20).

With the exception of vision impairment, the prevalence of developmental disabili-
ties among children living in the metropolitan-Atlanta area varied substantially by
age, race, and sex. The prevalence of each of the disabilities increased with age
because many children are not identified as having disabilities until they attend
school—a pattern that has been noted in previous studies (13,14,17,18). Rates for chil-
dren 3-4 years of age were probably lower because 1991 was the first year in which
public schools provided educational services to this age group. The unusual age pat-
tern among children who had disabling cerebral palsy (i.e., an increase in prevalence
up to 5 or 6 years of age and a decrease thereafter [which did not occur among chil-
dren who had nondisabling cerebral palsy]) suggests an increase in mortality or
out-migration among this group. Children are followed longitudinally in this surveil-
lance program; therefore, future analyses may be able to address this observation
directly.

The higher rates of mental retardation, cerebral palsy (especially nondisabling
cerebral palsy), and hearing impairment for black children were also consistent with
rates of previous studies (10,21-25). A substantial proportion of the difference in the
reported mental retardation rates between black and white children likely reflects so-
cioeconomic disparities (26,27 ); cerebral palsy and hearing impairment may also be
associated with such disparities. Another factor contributing to higher rates of mental
retardation among black children may be the use of standardized intelligence tests
designed to test skills considered relevant to intelligence by the predominant culture
(28).

These race-related differences suggest an important strategy for preventing mental
retardation—ameliorating those aspects of the socioeconomic environment that
negatively influence the cognitive ability of children. Future epidemiologic studies
should be designed to further the understanding of specific aspects of the social

TABLE 10. Prevalence of selected developmental disabilities obtained from the
Metropolitan Atlanta Developmental Disabilities Surveillance Program (MADDSP)
and other previous studies, by type of disability

Previous CDC Other previous
MADDSP*t study (3) studies (11-18)
Type of disability Rate$ Rate$ Rate§
Mental retardation 11.6 12.0 3.1-43.6
Cerebral palsy 2.3 2.3 2.0- 3.0
Hearing impairment 1.5 1.1 0.8- 2.0
Vision impairment 0.6 0.7 0.3- 0.6

*Limited to children 10 years of age.

TFor comparability, only children who had corrected visual acuity of =20/200 were included in
rate calculations.

8Rate per 1,000 children.
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environment that may impair cognitive ability; such knowledge could then be used to
target interventions to those children at greatest risk.

The slightly elevated rates of mental retardation and hearing impairment among
boys—particularly among black children—have been reported previously (17,10,25).
These discrepancies may result, in part, from both sex-linked genetic disorders and
more frequent referral and testing of boys because of behavioral problems in school.

Although genetic, metabolic, and infectious factors are the cause of some cases of
these developmental disabilities, the etiologies of most cases are undetermined.
MADDSP enables ongoing monitoring of the occurrence of four common develop-
mental disabilities in a community setting, which may lead to the identification of new
risk factors for such disabilities. The demographic patterns described in this report
may reflect social or other characteristics unique to the study population.
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Abstract

Problem/Condition: Spina bifida is a birth defect of the spinal column that is a sub-
stantial contributor to serious developmental disabilities in the United States. The risk
for spina bifida and other neural tube defects (NTDs) can be reduced if women con-
sume 0.4 mg of folic acid before and during the first trimester of pregnancy. Public
health programs are being developed to prevent many NTDs by increasing the con-
sumption of folic acid by women of childbearing age. To assess the national impact of
these programs on the prevalence of NTDs at birth, multistate surveillance is needed
to monitor secular trends in birth-prevalence rates. This report summarizes a collabo-
rative effort by CDC and state birth defect surveillance programs in 16 states to a)
obtain multistate, population-based data concerning the birth prevalence and descrip-
tive epidemiology of spina bifida and b) determine the usefulness of combining state
surveillance data to monitor national trends in the birth prevalence of NTDs.
Reporting Period: This report presents data from birth defects surveillance systems in
16 states for the period 1983-1990 (specific periods covered varied by state). These
findings are compared with CDC’s Birth Defects Monitoring Program (BDMP) for the
same period.

*The following persons also contributed to this report: T Flood, MD, Office of Chronic Disease
Epidemiology, Arizona Dept of Health Svcs; M Brewster, PhD, Arkansas Reproductive Health
Monitoring System; J Harris, MD, California Birth Defects Monitoring Program, California State
Dept of Health Svcs; S Keefer, MS, Colorado Dept of Health; R Merz, MS, Hawaii Birth Defects
Monitoring Program, Hawaii Dept of Health; H Howe, PhD, Div of Epidemiologic Studies, Illinois
Dept of Public Health; D Krishnamurti, MS, Dept of Pediatrics, Univ of lowa Hospitals and
Clinics, lowa City; S Panny, MD, Div of Hereditary Disorders, Maryland Dept of Health and
Mental Hygiene; J Bakewell, Bur of Health Data Analysis, Missouri Dept of Health; M Seeland,
Health Data Support Div, Nebraska State Dept of Health; P Costa, MA, Birth Defects Surveillance
Program, Special Child Health Svcs, New Jersey State Dept of Health; C Olsen, PhD, Bur of
Environmental Epidemiology and Occupational Health, New York State Dept of Health; R Meyer,
PhD, State Center for Health and Environmental Statistics, North Carolina Dept of Environment,
Health, and Natural Resources; L Ploughman, PhD, Dept of Human Genetics, Medical College
of Virginia, Richmond; C Hill, Birth Defects Registry, Washington Dept of Health.
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Description of Systems: Population-based data about live-born and stillborn infants
who have spina bifida were analyzed from 16 state programs.* These 16 programs
differed in size and racial/ethnic composition of the populations, surveillance meth-
ods, and completeness of case ascertainment. Hospital-based data about live-born
and stillborn infants who have spina bifida also were analyzed from BDMP, a passive
case ascertainment surveillance system that obtains data from participating hospitals
in 50 states.

Results and Interpretation: From 1983 through 1990, the birth-prevalence rate for
spina bifida for the 16 states was 4.6 cases per 10,000 births; the BDMP rate was nearly
identical (4.4 cases). State-specific rates varied substantially, ranging from 3.0 (Wash-
ington) to 7.8 (Arkansas). Both state-based and BDMP rates varied among racial/ethnic
groups; in both systems, the rates were highest for Hispanics and lowest for
Asians/Pacific Islanders. In both the state-based surveillance systems and BDMP, the
annual rate of spina bifida for the total population declined during the period 1983-
1990. Much of this decline can be attributed to increased prenatal diagnosis in the
1980s. However, because the decline in the rates of spina bifida and other NTDs in the
United States began before the widespread availability of prenatal diagnostic serv-
ices, an environmental component may have contributed substantially to the
etiologies of these defects. The birth-prevalence rate of spina bifida was slightly
higher among females than males. The ratio of female-to-male prevalence rates was
1.2 for both the state-based surveillance systems and BDMP. This ratio varied consid-
erably among racial/ethnic groups and among states. The similarities of rates and
trends in the birth prevalence of spina bifida between the state-based surveillance
data and the BDMP data indicate that both types of surveillance systems can provide
reliable information concerning national trends in the birth prevalence of spina bifida.
Actions Taken: CDC and state birth defects surveillance programs will use results from
this analysis to monitor national trends in the birth prevalence of spina bifida in the
United States. Aggregated state-based surveillance data about spina bifida,
anencephaly, and other NTDs will facilitate the monitoring of changes in NTDs after
implementation of programs to increase folic acid consumption by women of child-
bearing age.

INTRODUCTION

Spina bifida, a birth defect of the spinal column that causes varying degrees of
paralysis, is a major contributor to serious developmental disabilities in the United
States. The public health impact of this disability is substantial. Each year, approxi-
mately 1,500 infants are born with spina bifida (1 ). The annual medical and surgical
costs (based on 1985 dollars) for persons who have spina bifida exceed $200 million
(1), and the lifetime cost to society per person who has spina bifida is estimated to be

*These programs included the Arizona Birth Defects Monitoring Program; the Arkansas Repro-
ductive Health Monitoring System; the California Birth Defects Monitoring Program; the
Colorado Registry for Children with Special Needs; the Hawaii Birth Defects Monitoring Pro-
gram; the lllinois Adverse Pregnancy Outcome Reporting System; the lowa Birth Defects
Registry; the Maryland Birth Defects Reporting and Information System; the Missouri Multi-
Source Birth Defects Registry; the Nebraska Birth Defects Registry; the New Jersey Birth
Defects Registry; the New York State Congenital Malformations Registry; the North Carolina
Birth Defects Registry; the Virginia Congenital Anomalies Reporting and Education System;
the Washington State Birth Defects Registry; and CDC’s Metropolitan Atlanta Congenital De-
fects Program.



Vol. 45 / No. SS-2 MMWR 17

$258,000 greater than the cost for persons who are unaffected by this disability (in
1988 dollars) (2). Dietary supplementation with folic acid (a B vitamin) reduces the risk
for spina bifida and other neural tube defects (NTDs) (3). In 1992, the Public Health
Service (PHS) published a recommendation that all women of childbearing age who
are capable of becoming pregnant should consume 0.4 mg of folic acid per day to
reduce the risk for having a pregnancy affected by spina bifida or other NTDs (3). PHS
estimates that if all women in the United States followed this recommendation, the
annual number of cases of spina bifida and other NTDs would decrease by 50% (3).

Multistate surveillance of birth-prevalence rates is required to assess the national
impact of public health programs to reduce the prevalence of NTDs by dietary supple-
mentation with folic acid. Until recently, the only source of ongoing information about
the national birth prevalence of spina bifida and other NTDs was CDC'’s Birth Defects
Monitoring Program (BDMP), a hospital-based surveillance system that obtains infor-
mation about birth defects among newborns from discharge abstracts submitted by
participating hospitals (4). However, in the past decade, several states have estab-
lished population-based birth defect surveillance systems that collect data regarding
spina bifida and other serious birth defects. In this report, CDC has analyzed data from
16 states that maintain birth defects surveillance systems to obtain multistate, popu-
lation-based data regarding the birth prevalence and descriptive epidemiology of
spina bifida. This report expands the analysis of previously published state-based data
for 1983-1990 (5) and compares the results with BDMP data for the same period to
assess trends.

METHODS

The participating states provided surveillance data regarding spina bifida for the
period 1983-1990; however, not all states had data for the entire period. All live-born
and stillborn infants who had spina bifida* were included in the analysis; however, in
three states, data were not available for cases involving stillborn infants. Nine state
surveillance systems (i.e., Colorado, lllinois, Maryland, Missouri, Nebraska, New
Jersey, New York, North Carolina, and Virginia) identified cases of spina bifida from
reports submitted by physicians and the staff of hospitals, clinics, and other health-
care facilities (i.e., passive case ascertainment). Seven states (i.e., Arizona, Arkansas,
California, Georgia, Hawaii, lowa, and Washington) used trained surveillance staff to
identify cases of spina bifida by systematic review of medical and other records from
hospitals, clinics, and other health-care facilities (i.e., active case ascertainment).
Birth-prevalence rates for spina bifida were determined for each state during the sur-
veillance period. However, the specific surveillance periods covered from 1983
through 1990 varied by state (Table 1). BDMP rates for spina bifida in the United States
for this period also were determined for comparison with state data.

Because prevalence rates have differed previously between certain racial and eth-
nic groups, data were collected by race/ethnicity (i.e., white, black, Asian,m American
Indian,® and Hispanic) in both the state-based surveillance systems and BDMP. State-
based surveillance systems primarily determined race/ethnicity from birth certificates,
whereas BDMP determined race/ethnicity from hospital discharge summaries.

*As defined by International Classification of Diseases, 9th Revision, Code 741.
TIncludes Pacific Islanders.
8Includes Alaskan Natives.



TABLE 1. Birth prevalence* of spina bifida reported from 16 state-based birth defects surveillance systems and the Birth
Defects Monitoring Program (BDMP), by race/ethnicity — United States, 1983-1990

Race/Ethnicity

American
Surveillance Years Total White Black Hispanic Asian8 IndianT Total®
system covered live birthst Cases Rate Cases Rate Cases Rate Cases Rate Cases Rate Cases Rate
Northeast
New Jersey 1985-1990 688,991 179 4.1 38 3.0 40 4.6 3 1.7 0 0.0 295 4.3
New York 1983-1990 2,160,230 550 4.2 182 4.3 211 6.1 — — — — 983 4.6
Total 2,849,221 729 4.2 220 4.0 251 5.8 3 1.7 0 0.0 1,278 45
North Central
[llinois 1988-1989 374,955 79 2.8 19 2.3 — — — — — — 118 3.1
lowa 1983-1990 319,714 159 5.2 2 2.2 — — 0 0.0 1 7.1 166 5.2
Missouri 1983-1986 303,647 147 5.8 8 1.8 — — 2 7.8 0 0.0 157 5.2
Nebraska 1983-1990 198,601 95 5.3 6 5.9 3 5.9 — — 0 0.0 104 5.2
Total 1,196,917 480 4.7 35 2.4 3 5.9 2 3.7 1 2.2 545 4.6
South
Arkansas 1983-1989 107,184 64 8.1 17 6.1 — — — — — — 84 7.8
Georgia 1983-1990 269,472 106 6.5 50 4.9 — — 2 3.5 1 54.6 163 6.0
Maryland 1984-1990 437,645 119 4.0 45 3.5 — — — — — — 172 3.9
North
Carolina 1984-1988 456,631 190 5.8 46 3.6 — — 3 7.4 4 6.0 243 5.3
Virginia 1987-1989 264,593 78 4.0 21 3.3 — — 0 0.0 0 0.0 99 37
Total 1,535,525 557 5.3 179 4.0 — — 5 3.0 5 7.0 761 5.0
West
Arizona 1986-1988 189,686 43 4.0 5 6.5 32 6.0 0 0.0 11 6.2 91 438
California 1983-1988 1,029,765 245 4.4 21 2.7 171 6.8 26 2.2 4 5.9 486 4.7
Colorado 1989-1990 106,188 36 4.5 0 0.0 9 5.1 0 0.0 1 11.7 53 5.0
Hawaii** 1989-1990 39,773 6 6.3 0 0.0 — — 7 2.5 0 0.0 13 33
Washington 1987-1990 297,305 77 3.0 1 0.7 3 1.4 5 3.1 1 1.3 88 3.0
Total 1,662,717 407 4.0 27 2.6 215 6.3 38 2.2 17 5.1 731 4.4
Total 7,244,380 2,173 4.5 461 3.7 469 6.0 48 2.3 23 50 3,315 4.6
BDMP 1983-1990 4,965,030 1,634 4.7 220 3.5 130 4.7 7 1.0 5 3.1 2,192 44

*Rate per 10,000 live births.
TIncludes persons from all racial/ethnic groups for whom data were available and persons for whom race was unknown.
8 Includes Pacific Islanders.
fincludes Alaskan Natives.
**Rates for Hawaii were estimated from the proportion of births by race in 1988. For 1989 and 1990, numbers were available only for
total state births and for spina bifida cases by race.
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Chi-square tests were used to compare differences between racial and ethnic groups
in spina bifida rates and female-to-male rate ratios. To determine temporal trends in
spina bifida rates and female-to-male rate ratios, a linear regression analysis was per-
formed on the logarithms of the annual rates and rate ratios.

RESULTS

The participating states were grouped into the four U.S. census regions: Northeast,
North Central, South, and West (Table 1). From 1983 through 1990, the birth-
prevalence rate of spina bifida for these 16 states was 4.6 cases per 10,000 births. The
rate of spina bifida determined by BDMP was nearly identical (4.4 cases). Although
rates were similar by region, state-specific rates varied substantially, ranging from
3.0 (Washington) to 7.8 (Arkansas).

State-based rates also varied among racial/ethnic groups. The rate was highest for
Hispanics (6.0) and lowest for Asians (2.3). Rates for whites, blacks, Hispanics, and
Asians were all significantly different (p<0.01); the rate for American Indians differed
significantly only from the rate for Asians (p<0.01). Rates determined by BDMP also
varied among racial/ethnic groups. The rates were highest for Hispanics and whites
(both 4.7) and lowest for Asians (1.0). Most of the rates for racial/ethnic groups were
significantly different (p<0.01); however, the rate for American Indians did not differ
significantly from rates for any other group.

The relative risk for spina bifida by race/ethnicity was determined for state-based
data (Table 2). To evaluate potential confounding by state, the data were stratified by
state, and a summary Mantel-Haenszel estimate for relative risk was calculated. The
crude and adjusted relative risks were similar, indicating that minimal confounding
occurred. Similar state-adjusted analyses were not made for BDMP data because of
the limited number of cases and total births available from each state.

For state-based surveillance systems, the annual rate of spina bifida for the total
population declined from a peak of 5.9 cases per 10,000 births in 1984 to 3.2 cases
per 10,000 births in 1990 (Figure 1). The rate for the total population decreased by
7.8% annually during the period 1983-1990 (p<0.01). The rate for whites declined
9.2% annually during this period (p<0.01), and the rate for Hispanics declined
10.6% annually (p<0.01). The rate for blacks decreased 4.7% annually (p=0.07). Most of
the BDMP rates for spina bifida also declined during the period 1983-1990 (Figure 2),
although the declines were less than those in the state-based rates. The annual rate of
spina bifida for the total population declined from a peak of 5.0 cases per 10,000 births
in 1984 to 4.1 cases per 10,000 births in 1990. The rate for the total population de-
creased by 3.5% annually during the period 1983-1990 (p<0.05). The rate for whites
decreased 2.2% annually; however, the decrease was not significant (p=0.11). The rate
for Hispanics decreased 9.3% annually (p=0.06). The rate for blacks was variable and
showed no significant trend over time.

The birth-prevalence rate of spina bifida was slightly higher for females than for
males (Table 3). The ratio of female-to-male prevalence rates was 1.2 for both the
state-based surveillance systems and BDMP. This ratio varied considerably among
racial/ethnic groups, although it was significantly different from 1.0 only among
whites (p<0.01 for both the state-based systems and BDMP). The female-to-male rate
ratio also differed considerably among states, ranging from 1.7 (North Carolina) to
0.9 (lllinois, Georgia, and New Jersey) (Table 3). Of the 16 states, 11 had ratios
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TABLE 2. Relative risk for spina bifida reported from 16 state-based birth defects
surveillance systems, by race/ethnicity — United States, 1983-1990

Crude relative risk Adjusted relative riskt

Race/Ethnicity (95% Cly* (95% ClI)
White 1.008 1.008
Black 0.82 (0.70-0.90) 0.80 (0.72-0.88)
Hispanic 1.43 (1.29-1.59) 1.41 (1.26-1.58)
Asian/Pacific Islander 0.49 (0.36-0.65) 0.51 (0.38-0.70)
American Indian/

Alaskan Native 1.05 (0.69-1.58) 1.13 (0.74-1.74)

*Confidence interval.
TAdjusted across states.
SReferent group.

FIGURE 1. Rates* of spina bifida reported from 16 state-based birth defects
surveillance systems, by race/ethnicity’ and year of birth — United States, 1983-1990
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*Per 10,000 live births.

TAnnual rates for Asians/Pacific Islanders and American Indians/Alaskan Natives were not
included because of the limited number of cases among these groups per year.

8Includes persons from all racial/ethnic groups for whom data were available and persons for
whom race was unknown.

>1.0 and five had ratios <1.0. Although state-based spina bifida rates for the total
population and for whites and Hispanics declined substantially from 1983 through
1990 (Figure 1), no significant decline occurred in the female-to-male rate ratio for
the total population or for any racial/ethnic group (Figure 3). Among blacks, the
female-to-male rate ratio was high in 1983 and 1984 compared with subsequent
years, but declined substantially in 1985; the rate ratio remained relatively constant



Vol. 45 / No. SS-2 MMWR 21

FIGURE 2. Rates* of spina bifida reported from the Birth Defects Monitoring Program,
by race/ethnicity™ and year of birth — United States, 1983-1990
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*Per 10,000 live births.

TAnnual rates for Asians/Pacific Islanders and American Indians/Alaskan Natives were not
included because of the limited number of cases among these groups per year.

8Includes persons from all racial/ethnic groups for whom data were available and persons for
whom race was unknown.

thereafter. The relatively high rate of spina bifida for blacks in 1983 and 1984 (Figure 1)
resulted from excess cases among females during those years. Within the BDMP
population (Figure 4), the ratio of female-to-male prevalence rates decreased slightly
but significantly from 1983 to 1990 for the total population (p=0.01). No significant
temporal trends in rate ratios among racial or ethnic groups were noted, although the
ratio for whites decreased slightly (p=0.06).

DISCUSSION

Data from both the state-based surveillance systems and BDMP indicated a decline
in spina bifida birth-prevalence rates in the U.S. population from 1983 through 1990,
which is consistent with the decline in spina bifida rates in previous decades in the
United States (6). Increasing utilization of prenatal diagnosis in the 1980s likely
contributed to the decline in rates during that period (6). In a study of the impact of
prenatal diagnosis on NTD rates during the period 1985-1994, selective abortion of
fetuses prenatally diagnosed with spina bifida reduced the expected birth-prevalence
rate of spina bifida by 20%-30% in five of six states (7). However, because the decline
in the rates of spina bifida and other NTDs in the United States began before the wide-
spread availability of prenatal diagnostic services, a substantial environmental
component in the etiology of these defects may also exist (e.g., improved nutrition



TABLE 3. Ratio of female-to-male prevalence rates of spina bifida reported from 16 state-based birth defects surveillance
systems and the Birth Defects Monitoring Program (BDMP), by race/ethnicity — United States, 1983-1990

Zc

Female-to-male rate ratio

Surveillance
system White Black Hispanic Asian* American Indiant Total
Northeast
New Jersey 1.08 1.09 0.58 0.54 ES 0.92
New York 1.41 1.32 1.18 — — 1.33
Total 1.32 1.28 1.05 0.54 E 1.22
North Central
Illinois 0.98 0.75 — — — 0.88
lowa 1.01 0.00 — E E 0.98
Missouri 1.17 0.15 — 0.00 E 1.04
Nebraska 1.28 E E — E 1.50
Total 1.10 0.77 E 0.00 E 1.06
South
Arkansas 1.26 1.89 — — — 1.38
Georgia 1.11 0.58 — 1.06 E 0.90
Maryland 1.04 1.08 — — — 1.05
North Carolina 1.82 1.59 — 0.54 3.22 1.68
Virginia 1.22 0.63 — E E 1.07
Total 1.33 0.99 — 0.71 4.26 1.22
West
Arizona 0.76 0.70 1.03 E 1.21 0.90
California 1.45 0.41 0.98 1.45 0.99 1.20
Colorado 1.05 E 2.06 E 0.00 1.09
Hawaii 0.52 E — 2.57 E 1.21
Washington 1.40 0.00 2.03 0.71 0.00 1.32
Total 1.29 0.43 1.03 1.46 0.90 1.16
Total 1.26 1.05 1.05 1.15 1.33 1.18
BDMP 1.24 1.03 1.21 2.69 1.55 1.22

*Includes Pacific Islanders.
TIncludes Alaskan Natives.
$E designates a ratio that could not be calculated because of division by zero.
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FIGURE 3. Ratio of female-to-male prevalence rates of spina bifida reported from
16 state-based birth defects surveillance systems, by race/ethnicity* and year of
birth — United States, 1983-1990
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*Annual rates for Asians/Pacific Islanders and American Indians/Alaskan Natives were not
included because of the limited number of cases among these groups per year.

TIncludes persons from all racial/ethnic groups for whom data were available and persons for
whom race was unknown.

among pregnant women) (6). From 1970 through 1982, the average annual percent
decline in the BDMP spina bifida rate was 4.0% (8); from 1983 through 1990, the de-
cline was only 3.5%. Thus, environmental factors may have played a lesser role in the
rate of decline from 1983 through 1990 than in earlier years, when prenatal diagnostic
services were less often available.

Studies published since 1981 indicate that dietary supplementation with folic acid
can reduce the risk for spina bifida and other NTDs (3). In 1991, CDC recommended
folic acid supplementation for women who previously had had an infant or fetus af-
fected by an NTD and who planned to have more children (9). CDC recommended
that these women take a 4-mg daily dose of folic acid (under a physician’s supervision)
beginning at least 1 month before conception and continuing throughout the first tri-
mester of pregnancy. Subsequently, PHS issued a recommendation that all women of
childbearing age who are capable of becoming pregnant should consume 0.4 mg of
folic acid per day to reduce their risk for having an NTD-affected pregnancy (3).

The differences in spina bifida rates among the states included in this report
(Table 1) can be attributed to several factors, including differences in completeness
of case ascertainment; however, the rates of states that have active case ascertain-
ment overlapped considerably with the rates of states that have passive case
ascertainment. In addition, genetic and dietary differences and differences in the rate
of utilization of prenatal diagnostic services also may have contributed to differences
in rates by state.
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FIGURE 4. Ratio of female-to-male prevalence rates of spina bifida reported by the
Birth Defects Monitoring Program, by race/ethnicity* and year of birth — United
States, 1983-1990
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*Annual rates for Asians/Pacific Islanders and American Indians/Alaskan Natives were not
included because of the limited number of cases among these groups per year.

TIncludes persons from all racial/ethnic groups for whom data were available and persons for
whom race was unknown.

Rates of spina bifida were highest for Hispanics, followed by whites, blacks, and
Asians. The prevalence rates for American Indians were between those of Hispanics
and Asians. The relative differences in spina bifida rates by race/ethnicity corroborate
reports of previous racial/ethnic differences in rates for spina bifida and other NTDs
(i.e., anencephaly and encephalocele) (10-16). In metropolitan Atlanta, rates of
anencephaly and spina bifida were 3.1 and 2.5 times higher for whites than blacks,
respectively (10). In North Carolina, the rate of anencephaly (calculated from fetal and
infant death certificate data) was 3.6 times higher for whites than blacks (11). In Los
Angeles County, rates for anencephaly, spina bifida, and encephalocele were 1.8, 1.4,
and 8.0 times higher for whites than blacks, respectively (12). The prevalence rate
of spina bifida for Asians (i.e., Chinese and Japanese) in Los Angeles County was
even lower than for blacks, although the population size was relatively small (i.e.,
15,000 births). A low prevalence rate of spina bifida has been reported for Asians in
California compared with that for whites (13). Higher prevalence rates of spina bifida
for Hispanics compared with non-Hispanic whites and blacks have been noted in Cali-
fornia (13), New York (14), Los Angeles (15), and in the National Collaborative
Perinatal Project (16). Although most Hispanics living in California have different
origins than those living in New York (i.e., Mexico and Puerto Rico, respectively), rates
for Hispanics were similar in both states (17). The etiology of spina bifida might have



Vol. 45 / No. SS-2 MMWR 25

a substantial genetic component, based on the significant racial/ethnic differences in
the rates of spina bifida, both locally and nationwide (12,18).

For the total U.S. population, the prevalence rate of spina bifida for females was
higher than the rate for males (Table 3), although the female-to-male rate ratio was
less than ratios that have been reported for anencephaly (6,19). The rate was higher
for females than for males in all racial/ethnic groups, both for state-based surveillance
data and BDMP data, but the difference was significant only for whites. In most popu-
lations, spina bifida occurs more often among females than males (19). Differential
rates of spontaneous abortion for male and female fetuses may account for the differ-
ences in sex-specific prevalence rates for spina bifida and other NTDs (19). Combined
data from studies of spontaneously aborted fetuses with NTDs indicated that 32 (56%)
of 57 abortuses were male (19), suggesting that the overall excess of NTD-affected
females among stillbirths and live-births may partially result from a higher spontane-
ous abortion rate for NTD-affected males than for NTD-affected females. Other factors
that may account for sex-specific differences in prevalence rates are differences in
a) the rate of development of female and male embryos and b) susceptibility to tera-
togenic insult (19).

The proportion of females among the total cases of anencephaly and the birth-
prevalence rate of this defect are positively associated (20 ). However, this association
has not been documented for spina bifida (19,20). In this report, no statistically signifi-
cant change in the female-to-male rate ratio occurred over time for state-based
surveillance data (Figure 3), despite the steadily declining prevalence rate (Figure 1).
For the BDMP data, a slight but statistically significant decrease occurred in the fe-
male-to-male rate ratio for the total population (Figure 4) that corresponded to the
overall decrease in the prevalence rate over time (Figure 2). However, no consistent
correlation was found in either system between annual fluctuations in the birth-preva-
lence rate and the female-to-male rate ratio. These findings are consistent with
previous studies regarding the lack of a relationship between birth-prevalence rate
and the proportion of females among the total cases of spina bifida.

CONCLUSIONS

Both the state-based surveillance systems and BDMP have provided useful data
concerning national trends in the birth prevalence of spina bifida. Such data are
needed to monitor changes in the prevalence of spina bifida and other NTDs following
implementation of programs to increase folic acid consumption by women of child-
bearing age. However, whereas these surveillance systems enable monitoring of
overall changes in the prevalence rates of NTDs, they cannot determine the relative
contributions of folic acid supplementation and termination of NTD-affected pregnan-
cies to changes in NTD rates. To assess the impact of these factors on the rates of
NTDs in the United States, data must be collected concerning a) the use of folic acid
supplements by women of childbearing age and b) prenatal diagnosis and selective
abortion of fetuses that have NTDs.
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