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Table A-l.— Percent Distribution of Currently Married Women 15 to 44 Years of Age by Infertility Status:
United States, 1965, 1976, and 1982a

Infertility status (percent distribution)

Number in thousands Surgically sterile Infertile Fecund

A~e and ~aritv 1965 1976 1982 Total 1965 1976 1982 1965 1976 -982 1965 1976 1982

Total ., 26,455 27,488 28,231 100.0 15.8 28.2 38.9 11.2 10.3 8.5 73.0 61.6 52,6

Age:
15-19 years 1,032 1,043 612 100,0 0.6C 1 .Oc 0.3C 0.6C 2.1C 2.1C 98.9 96.6 97.7
20-24 y e a r s 4,397 4,977 4,130 100.0 3.1 4.5 8.2C 3.!i c 6.4 9.7C 93.4 89.2 82.1
25-29 years 4,953 6,443 6,442 100.0 9,5 16.6 19,6 6.5 9.0 7.0C 84.0 74,4 73,4
30-34 years 5,074 5,736 6,482 100,0 17,0 36.2 43.6 11.6 10.3 7,7’ 71.3 53.5 48.7
35-39 years 5,700 4,814 5,783 100.0 22.8 45.3 58.1 14.2 12.5 -0.3 63.0 42.2 31.6
40-44 years 5,298 4,474 4,783 100.0 26.8 49.0 66.7 20.2 15,9 9.0C 52.9 35,2 243
Parity:
o — 5,235 5,098 100,0 7,3 5.6 9.9 14.5 18.1 19.6 78.2 76.3 70.5
1 – 5,571 5,891 100.0 7.5 8,8 17.7 17,2 12,4 10.8 75.3 78.8 71.7
2 ,., – 7,638 9,042 100.0 14,2 32.3 46.9 9,3 6.0 5.0 76.6 61.7 48.1
3 or more – 9,045 8,201 100.0 21.5 49,8 63.3 9.4 7.9 3.8 69.0 42.3 32.9
astallsllcs are based on samples of the household population of the Contermmous Umted states
bwelgflted numbers not avatlable by Parlly for 1965
clnrj,~ales that the stallstlc has a relatwe standard error of O 3 or 9r6ater

SOURCE W O Mosher Fecundity and Infertility (n the Uruted States, 1965 -1982,” NCHS, paper presented al the annual meetmg of the Populahon Assocla’lon of America, Mmneapolls, MN, May 3-5, 1984

Table A.2.— Percent of Women, Presently Married,
15 to 44 Years of Age, Who Were Infertile,

Excluding Those Surgically Sterile,
United States

Percent infertile

Age and parity 1965 1976 1982

15-44 years. . . . . . . . . . . . . . . . . 13.3 14.3 13.9
15-19 years . . . . . . . . . . . . . . . 0.6a 2.1a 2.1a

20-24 years . . . . . . . . . . . . . . . 3.6 a 6.7 10.6
25-29 years. . . . . . . . . . . . . . . 7.2 10.8 8.7
30-34 years. . . . . . . . . . . . . . . 14.0 16.1 13.6
35-39 years . . . . . . . . . . . . . . . 18.4 22.8 24.6
40-44 years . . . . . . . . . . . . . . . 27.7 31.1 27.2

All parities . . . . . . . . . . . . . . . . . 13.3 14.3 13.9
0 . . . . . . . . . . . . . . . . . . . . . . . . 15.6 19.2 21.8
1 . . . . . . . . . . . . . . . . . . . . . . . . 18.6 13.6 13.1
2 10.8 8.9 9.3
3 “o; rno;e” I I I I 1 I I I ; I I I I 1 I I 12.0 15.8 lo.3a

alndi~ates that the statistic has a relative standard error of 0.3 or greater.

SOURCE W. D Mosher, “Fecundity and Infertility in the Urrtted States, 1985-
1982, ” NCHS, paper presented at the annual meeting of the Popula-
tion Association of America, Minneapolis, MN, May 3-5, 1984.

ber of white couples at risk for unintentional infertil -
it.v. Black couples seek surgical sterilization less often,
perhaps because they are more likely to have already
experienced infertility (11 7a). IMany other factors, in-
cluding economic and cultural differences, ma-v con-
tribute to this phenomenon.

The 1982 data were analyzed for differences in sex-
ual acti\~ity that may cause a couple to be classified
as infertile. No difference was found in the frequency
of intercourse of infertile couples compared with those
that ciid not report fertilit~~ problems (1 17).

A large proportion of couples classified as infertile
at the time of these surve}s were probably only tem-
porarily affected and later recovered. In a longitudi-
nal study of infertile couples, 38 percent eventually
achieved pregnancy following a mean infertility du-
ration of 3 years (21). Furthermore, a large percent-
age of these recoveries were treatment-independent:
35 percent of untreated couples recovered spontane-
oLrdy, compared with 41 percent of treated couples.
Added to the category classified as “treatment-in-
dependent” were 31 percent of the treated couples
who became fertile more than 3 months after the last
medical treatment or 12 months after therapeutic sur-
gery. ’ In sum, ‘(treatment-independent” pregnancies
constituted 61 percent of all pregnancies that occurred
in this study (21). In other words, most of the infer-
tile couples who regained their reproductive capac-
ity did so independently of medical treatment.

Spontaneous Abortion

Spontaneous abortion, defined here as embryonic
or fetal death before the 20th week, z is usually not
included in the medical dej”inition of infertility. How-
ever, since the inability to bring a pregnancy to term
causes virtual infertility, spontaneous abortion is dis-
cussed here. Spontaneous abortion may also indicate

“I’he specified intervals were later criticized as being too short
to be certain that subsequent pregnancies were treatment-independ-
ent (43,93).

‘Fetal deaths beyond 20 weeks are included in perinatal mortality statis-
tics and are considered obstetrical ratber than fertility effects [67).
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faulty or suppressed sperm production (146). Smok-
ing can impair sperm production and increase the
number of malformed sperm in the ejaculate (52).

Demand for Infert i l i ty Services

The proportion of all private physician visits devoted
to infertility counseling rose by more than so percent
between 1968 and 1980 (6). Several demographic and
sociological factors may have contributed to this phe-
nomenon:

an increased number of infertile couples in the
population,
an increased proportion of infertile couples aware
of and seeking infertility services,
a growing number of physicians providing infer-
tility services, and
an increasingly pro-family social and political cli-
mate (6).

In 1976, about 6.9 percent of nonsteri]e,5 married
women aged 15 to 44 reported that they had used in-
fertility services recently (i.e., consulted a doctor or
other trained person within the previous 3 years)
(164). Women aged 15 to 29 were significantly more
likely to seek infertility services than those aged 30
to 44 [table A-4). Among childless women, blacks were
nearly twice as likely to have recently used infertility
services than whites. AS might be expected, women
of low parityG were also more likely to have had an
— . . —

‘Nonsterile is defined here as not being sterile due to contra rep-
tite surgery, accident, or prmious illness.

~Pa I.it\r ,.efers  [0 the nllmber. of pregnancies a nrornan  has ~ar -
rwd to ‘at least 20 }$’eeks gestation (or 500-gram fetal weight).

Table A-4.—Percent of Nonsterile Women
(Currently Married, 15 to 44 Years of Age, United States, 1976)

Who Had an Infertility Consultation in the
Previous Three Years

Race
Characteristic All races a W h i t e Black

Aii characteristics . . . . . . . . 6.9°io 6.70/o 7.4 ”/0

Age:
15-29 years . . . . . . . . . . . . . . 8.5 8.4 8.8
30-44 years . . . . . . . . . . . . . . 5.0 4.7 5.9

Parity:
0-1 parity . . . . . . . . . . . . . . . . 12.1 11.6 15.5
2 parity or more. . . . . . . . . . 2.6 2.6 2.3

Geographic region:
West . . . . . . . . . . . . . . . . . . . 8.6 8.8 3.4
Nonwest . . . . . . . . . . . . . . . . 6.5 6.2 7.9
alncludes white, black, and other races.
NOTE Statistics are based on a sample of the household population of the con.

terminous United States.

SOURCE: Adapted from National Center for Health Statistics, “Use of Family
Planning and Infertility” United States, ” National Survey of Family
Growth Vital and Hea/th Statistics, Series 23, No. 8, 1981.

infertility consultation than women of higher parity.
The only statistically significant regional difference
was found among white women: white women in the
west were more likely to have recently sought serv-
ices than those in the Northeast, North-Central, or
South regions (164).

Further study of trends in demand for infertility
services and of the relevant demographic and sociopo-
litical variables may allow the health care delivery sys-
tem to prepare for future demand, and to reach those
subgroups expressing the greatest need.

Infant Mortality, Low Birth Weight,
and Birth Defects

Background rates for infant mortality, low birth
weight, and birth defects are important since many
of the chemical, physical, and biological agents present
in the workplace are suspected to adversely affect the
gametes and/or fetus. A “baseline” rate is needed
against which to compare abnormally high rates ob-
served in certain settings and thereby pinpoint the re-
sponsible hazards. Causal factors and regional differ-
ences in these rates are identified where information
is available.

Infant Mortality Rates

Death rates among both newborns (aged under 28
days) and infants (aged under 1 year) have dropped
steadily since 1930 (see figure A-1 ). In 1982, 21 per-
cent of all infant deaths were attributed to congenital
anomalies (table A-5). This proportion has risen stead-
ily in the 1900s (from 7 percent in 1916 to 18 percent
in 1977) because the rate clf congenital anomalies has
dropped less rapidly than the overall infant death rate
(figure A-2), and also because of improvements in pre-
and post-natal care that have reduced the impact of
other causes of infant death. Despite the recent de-
cline in infant mortality in this country, however, the
United States ranks 14th irl an international compari-
son of infant death rates (94).

Almost 70 percent of infant deaths occur in neonates
(i.e., within the first 28 days of life) (table A-5). More
than half of infant deaths and three-fourths of neona-
tal deaths occur in low-birth-weight infants (162). The
death rate remains substantially higher among black
infants (figure A-3) and was almost twice that of white
infants in 1982 (160). Black infants exhibit higher death
rates for et’ery major category in the National Center
for Health Statistics data, except for cystic fibrosis
(though there is overlap for specific defects within the
congenital anomalies category). The rate among blacks
is more than three times that of whites for deaths due
to low birth weight or prematurity. This may be par-
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Figure A.l.— Infant and Neonatal Mortality Rates, United States, 1930-83
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SOURCE National Center for Health Statistics, “Annual Summary of Births, Deaths, Marriages, and Divorces United States, 1983,” Monthly Vital Statistics Report,
VOI 32, No 13, Sept, 21, 1984.

tially due to the larger proportion of black mothers
exhibiting maternal risk factors associated with bear-
ing low-birth-weight infants.

Incidence of Low Birth Weight

Low birth weight, defined as 5 pounds 8 ounces
(2,500 grams) or less, is strongly associated with both
infant mortality and birth defects, including congeni-
tal malformations, mental retardation, and other phys-
ical and neurological impairments (159). Extremely low
birth weight (4 pounds 7 ounces or less) is a leading
cause of death among infants and a major factor in
childhood disability (94). The percentage of newborns
that are of low birth weight has declined in recent
years, but less sharply than the neonatal death rate
(figure A-4). In addition, the decline is due largely to
the 21-percent drop in the incidence rate of full-term
low birth-weight infants from 1970 to 1980, compared
with only a 7-percent drop in the rate of preterm Iow

birth-weight infants (74). These trends probably re-
flect improved neonatal care, but little improvement
in the prevention of prematurity and fetal growthc
retardation (94).

1n 1981, 6.8 percent of all infants born were of low
birth weight (1.5s3). The proportion of black infants of
low birth weight was more than double that of white
infants: 12.5 percent of black infants v. 5.7 percent
of white infants. 1n a typical year with approximately
s..5 million births, the expected number of low birth-
weight infants exceeds ZOO, OOO (44). The racial differ-
ence in low birth weight has been attributed equally
to racial differences in: 1) incidence of prematurity
and z) incidence of low birth-\ veight infants that are
full- or post-term infants (there are few racial differ-
ences among preterm infants). 1n 1981, 17 percent of
black infants were preterm compared with 7’.9 per-
cent of white infants. Among full- and post-term ba-
bies, the racial difference in low birth weight may be
at least partially due to the larger proportion of all
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Table A.5.—lnfant Mortality Rates by Age and for Ten
Selected Causes of Death, Based on a 10-Percent

Sample of Deaths, United States

1982 (estimated) Percent
(rates per 100,000 of total

Age and cause of death live births) deaths

Total:
Under 1 year . . . . . . . . . . . . . 1,124.5 100.0
Under 28 days . . . . . . . . . . . . 762.4 67.8
28 days to 11 months . . . . . 362.0 32.2

Congenital anomalies . . . . . . . 237.0 21.1
Sudden infant death

syndrome . . . . . . . . . . . . . . . . 127.2 11.3
Respiratory distress

syndrome . . . . . . . . . . . . . . . . 107.2 9.5
Disorders relating to short

gestation and low
birth weight . . . . . . . . . . . . . . 98.8 8.8

Intrauterine hypoxia and
birth asphysia . . . . . . . . . . . . 39.7 3.5

Pneumonia and influenza . . . . 20.0 1.8
Birth trauma. . . . . . . . . . . . . . . . 15.4 1.4
Certain gastrointestinal

diseases . . . . . . . . . . . . . . . . . 7.3 0.6
Other conditions originating

in the perinatal period . . . . . 295.1 26.2
All other causes . . . . . . . . . . . . 177.1 15.7
SOURCE: Adapted from National Center for Health Statistics, “A Study of Infant

Mortality From Linked Records by Birth Weight, Period of Gestation,
and Other Variables: United States, ” Vital and Hea/th Statistics, Series
20, No. 12, 1982.

black mothers who possess characteristics associated
with bearing low birth-weight infants. These charac-
teristics (159) include:

being unmarried (81.4 percent of black mothers
~~. 18.2 percent of white mothers),
having less than a high school education (s.5 per-
cent of black mothers v. 20 percent of white
mothers),
prenatal care beginning after the second trimes-
ter or not at all ($I percent of black mothers v. q
percent of white mothers), and
multiple delivery (i.e., twins or triplets) (24.7 Lr.
18.8 per 1)000 live births for black and white
mothers, respectively).

However, both the extent of prenatal care and the
educational attainment of black mothers have im-
proved in recent years (159).

In contrast, smoking and drinking during preg-
nancy—both of which are associated with low birth
weight—are more prevalent among white women
compared with both black and Hispanic women: 41
percent of white women drink during pregnancy com-
pared with 24 percent of black women and 29 per-
cent of Hispanic women; 26 percent of white women
smoke during pregnancy compared with 22 percent
of black women and 17 percent of Hispanic women;

Figure A“2.—lnfant Mortality Rates in the United

I 00

80

60

40

20

In

:
a
G
w
>
1
~  1 0
0
0.

8

2
w

: 6
v

4

2

I

States, 19{6-76

\ ALL INFANT OE ATti S

k . -
- - - -

‘ . ,
A ,

\ \
\

7
1916- I@ ’24 ‘29 ’34 ’39 “4 4 ’49 ’54 “m ’64 ’60 ’74 ,76**

5- Y[ AR PERIODS

“ = 4-year period; “” = 2-year period.

SOURCE: G. P. Oakley, “incidence and Epidemiology of Birth Defects, ” Genef/c
Issues in Pediatric and Obsts4ric Practice, M. M. Kaback (ed ) (Chica-
go: Year Book Medical Publ shers, Inc , 1981),

IZ percent of white women both smoke and drink dur-
ing pregnancy compared to 9 percent of black women
and 7 percent of Hispanic women (47,125). (Informa-
tion on smoking and alcohol consumption during preg-
nancy appears in ref. 125.) Since the proportion of low
birth-weight infants remi~ins relatively low among
white mothers despite these maternal risk factors, the
adverse affects of smoking and drinking are either
better-treated in white mctthers, or compensated for
by low prevalence of other maternal risk factors.

Women aged 25 to 34 years are the least likely to
bear a low birth-weight inf,mt: 5.8 percent of all births
to this age class were of low birth weight. The per-
centages for those over age 40 and under age 15 are
almost twice and three times as great, respectively
(159).

There is substantial variation from State to State in
the percentage of low birth-weight newborns. The
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Figure A-4.— Neonatal Deaths and Low Birth
Weight, United States, 1970.81
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seven West North-Central States7 have the lowest ag-
gregate rate of low birth weight (5.8 per 100 total live
births), while the nine South Atlantic Statesa haie the
highest rate (8.0 per 100 total live births). Howe\7er,
this regional variation may be due largely to the dis-
proportionate number of black children born in those
States with the highest low birth-weight rates. The fit~e
States with the highest rates of low weight births (Dis-
trict of Columbia, South Carolina, Mississippi, Loui-
siana, and Georgia) all reported substantially more
black than white babies born in 1981. The regional
variation observed within racial groups is largely re-
duced when the States with relatively few black births
are excluded from the analysis (159).

Recent data demonstrate the strong nonrandomness
of the geographical distribution of loiv birth ~veight
in the United States, Clusters of loiv birth }treight in
the Rocky Mountain region and in certain Northern
industrialized States suggest the strong influence of
environmental factors such as altitude, mineral-extrac-
tion industries (e.g., lead, uranium, and silver mining),
heavy industries (e.g., steel, automobile, and chemi-
cal), and agricultural spraying (44).

Birth Defects

A “birth defect” is defined here as any structural,
functional, or biochemical abnormality, whether ge-
netically determined or induced during gestation, that
is not due to injuries suffered during birth. Birth
defects afflict 1 of every 14 live-born infants (about
7 percent), or more than a quarter-million in the
United States each year. Twice as many miscarriages
and stillbirths occur annually, most of which are due
to impaired fetal development (94). 1n 1982, 21 per-
cent of all infant deaths were attributed to congenital
anomalies, a proportion second only to that claimed
by unspecified perinatal conditions (161) (table A-5).
It is important to note that the problem of birth defects
is not limited to infants: approximately 1.2 million peo-
ple of all ages are hospitalized and 60,000 die as a re-
sult of birth defects each year (94).

Most of the birth-defects statistics used in this re-
view are from the Birth Defects Monitoring Program
(BDMP), which is based on the newborn discharge data
(i.e., diagnosis at birth of both li~e- and still-born ba-
bies) of 955 participating hospitals nationwide (156).
Although the BDMP data do not represent a random
sample, the program remains the largest single source

‘Nlinnesota, IOW  a, hlissouri, North Dakota, South IJiihotii,  NetJr:i~-

ka and  Kansas .

‘I)eklw’art’,  hlar}rkind,  District d’  Columbia, \ ‘irginiii,  kl’est  1 irgiiliii,

North (Dal-olillii,  SOiith  (:awliiut,  (koigiti,  ;iIld  E’lor’id:i
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of uniformly collected and processed birth defect data
on newborn infants. Data from the NCHS include only
live births (which lowers the reported incidence of
commonly fatal conditions like anencephaly, absence
of the brain), and are based solely on information
gleaned from birth certificates. Birth certificates tend
to underreport the more subtle birth defects not im-
mediately apparent at birth. Therefore, this review
employs NCHS data solely as a source for analyses of
maternal data and other variables not considered by
BDMP.

It is important to note that analysis of temporal
changes in incidence rates of birth defects is often
limited by some degree of incomparability among data
from different years. BDMP data are subject to changes
in defect classification and are influenced by improve-
ments in diagnostic abilities and public awareness that
can elevate reported incidence.

Incidence of Selected Birth Defects.—For this
discussion, 67 birth defects have been selected, accord-
ing to incidence, severity of impact on those afflicted,
and availability of data. The selected birth defects data
ha~e been divided into 11 categories, according to the
physiological consequence of the defect. Table A-6 lists
these birth defects and their incidence in the United
States in 1982,

Some of the most common defects involve the male
urogenital system, including hydrocele (accumulation
of fluid around the testes), hypospadias (opening of
the urethra on the underside of the penis or on the
pelvic floor) and undescended testicles (table A-6). Also
relatively common are hip dislocation, patent ductus
arteriosus (failure of the opening between the aorta
and pulmonary artery to close after birth), clubfoot,
and hemangioma (birthmark formed by blood vessels).
Congenital metabolic disorders are the least common
category overall, with incidence ranging from 0.1 to
0.6 per 10,000 total births. The other two rarest
defects among those selected are congenital rubella
syndrome and congenital glaucoma. Although the
BDMP data do not provide an incidence figure for all
chromosomal abnormalities combined, the aggregate
rate has been estimated at 62 per 10,000 births (64).

Many of these birth defects have relatively low in-
cidence rates, but the impact of their severe physio-
logical effects on the families involved, and on soci-
ety, is significant. Do~vn syndrome, for example, has
a relatively low incidence rate of 8 per 10,000 total
births. Yet, because of the severity of its physiologi-
cal and functional effects, it is the leading cause of ma-
jor mental retardation in the United States (82). Simi-
larly, neural tube defects (NTDs) such as spina bifida
(incomplete closure of the spinal column) and anen-
cephaly (absence of the brain) are relativelJ~ rare (table
A-6), but have such devastating effects that their

trends and etiology have been the subject of intense
research.

The BDMP data are further subdivided into four re-
gions of the United States: North East, North Central,
South, and West (156) (figure A-5). Substantial vari-
ations are evident for only a handful of the selected
birth defects. There are two major regional differ-
ences: one for NTDs and one for the North East re-
gion in general.

Three of the NTDs—anencephaly, spina bifida, and
hydrocephalus (excess fluid in the brain) -exhibited
incidence that are highest in the South (156). The rea-
son for this regional trend is unknown. Data from
BDMP and the Metropolitan Atlanta Congenital Defects
Program (associated with the Centers for Disease Con-
trol) revealed that the incidence of “single” NTDs (those
with no major associated defects) follows a decreas-
ing East-West gradient and occurrs most frequently
in white and in female newborns (75). Multiple NTDs
do not fit this epidemiological profile. This indicates
that there may be at least two distinct categories of
causes for NTDs: one for single NTDs that is sex-race-
region dependent, and another for multiple NTDs that
is not dependent on these v;miables. Although several
genetic and environmental mechanisms for the epi-
demiology of single NTDs have been postulated, they
are not supported by conclusive evidence (75).

The second major regional difference extracted from
the BDMP data is that, of the seven defects other than
NTDs that exhibited substarltial regional variation, six
have much higher incidence rates in the North East
compared with other regions: ventricular septal de-
fect, Down syndrome, hip dislocation without CNS
anomalies, rectal atresia and stenosis, clubfoot, and
hypospadias (156). The rates are lowest for the first
three birth defects in the South, and for the latter
three in the West. Again, the reason for this regional
variation is not clear, but valuable clues to the etiol-
ogy of these defects may surface as more data are col-
lected and more epidemiological correlations are made
with environmental and genetic factors.

Causes of Birth Defect s.—The causes of a given
birth defect may vary from case to case, are often mul-
tiple, may involve synergistic effects such as the inter-
action of genetic and environmental factors, and are
usually not known. Neural tube defects, for example,
may be caused by a variety of chromosomal anoma-
lies, maternal infections, genetic disorders, and terato-
gens (75). The causal role of chromosomal anomalies
in NTDs has been questioned, however (66). Although
the list of possible causal factors continues to grow,
many birth defects are of unknown or, at best, specu-
lative origin. Individuals may be affected differently
by a given causal agent, and some may not be affected
at all. Individual characteristics such as age, health,
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Table A-6.–incidence Rates Per 10,000 Total Births of Selected Birth Defects, 1982

Condition Incidence rate Condition Incidence rate

Central nervous system:
Total congenital anomalies of nervous

system . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Hydrocephalus (water on the brain) . . . . . . .
Spina bifida (open spinal column). . . . . . . . .
Anencephaly (absent brain) . . . . . . . . . . . . . .
Microcephaly (small brain) . . . . . . . . . . . . . . .
Encephalocele (hernia of brain) . . . . . . . . . . .

Heart and circulatory system:
Patent ductus arteriosus (failure of the

opening between aorta and pulmonary
artery to close at birth) . . . . . . . . . . . . . . . .

Ventricular septal defects (hole between
lower chambers of heart) . . . . . . . . . . . . . .

Absence of umbilical artery . . . . . . . . . . . . . .
Valve defect, absence, or closure . . . . . . . . .
Atriai septal defect (hole between upper

chambers of heart) . . . . . . . . . . . . . . . . . . . .
Endocardial fibroelastosis (thickness of

inner lining of heart) . . . . . . . . . . . . . . . . . .
Tetralogy of Fallot (a combination of

congenital heart defects) . . . . . . . . . . . . . .
Transposition of great arteries . . . . . . . . . . .
Other anomalies of the heart (not all-

inclusive) . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Urogenital system:
Hydrocele (collection of fluid in membrane

surrounding testes) . . . . . . . . . . . . . . . . . . .
Undescended testicle . . . . . . . . . . . . . . . . . . .
Hypospadias (urethral opening on

underside of penis or on
the pelvic floor) . . . . . . . . . . . . . . . . . . . . . .

Renal agenesis (absence of kidney) . . . . . . .
Congenital ureteral obstruction. . . . . . . ., . .
Cystic kidney disease . . . . . . . . . . . . . . . . . . .
Indeterminate sex . . . . . . . . . . . . . . . . . . . . . .
Male genital anomaly N. E.C.a. . . . . . . . . . . . .

Respiratory system:
Agenesis (absence) of the lungs . . . . . . . . . .
Total anomalies of the nose . . . . . . . . . . . . .
Anomalies of the larynx and/or trachea

N. E.C. a. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Congenital multi-system syndromes:
Blood type ABO isoimmunization . . . . . . . . .
Rh hemolytic disease in newborns . . . . . . . .
Down syndrome . . . . . . . . . . . . . . . . . . . . . . . .
Total monitored infections . . . . . . . . . . . . . . .
Autosomal abnormalities (i.e., not on sex

chromosomes) except Down syndrome . .
Total congenital syphilis . . . . . . . . . . . . . . . .
Fetal alcohol syndrome . . . . . . . . . . . . . . . . .
Abnormalities of the sex chromosomes

N. E,C.a. , . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Congenital rubella . . . . . . . . . . . . . . . . . . . . . .

18.4
5.6
4.9
3.3
2.2
1.0

25.4

14.7
3.2
2.2

1.5

1.2

0.9
0.8

26.6

30.7
27.5

27.0
1.6
1.6
1.2
0.6
5.3

2.5
2.2

2.2

144.8
15.6

7.9
4.2

1.8
1.7
1.2

0.7
0.2

Congenital Metabolic Disorders:
Total congenital amino acid disorders . . . . .
Cystic fibrosis . . . . . . . . . . . . . . . . . . . . . . . . .
Steroid metabolism disorder . . . . . . . . . . . . .
Phenylketonuria . . . . . . . . . . . . . . . . . . . . . . . .
Total congenital carbohydrate metabolism

disorders ., . . . . . . . . . . . . . . . . . . . . . . . . . .
Total congenital lipid metabolism

disorders . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Gastrointestinai tract:
Total cleft lip and cleft palate . . . . . . . . . . . .
Intestinal anomalies N. E.C.a. . . . . . . . . . . . . .
Rectal defect, absence, or closure . . . . . . . .
Tracheal-esophageal fistula (opening

between trachea and esophagus) . . . . . . .
Congenital pyloric defect . . . . . . . . . . . . . . . .
Other anomalies of the alimentary canal . . .

Visual system:
Congenital cataract . . . . . . . . . . . . . . . . . . . . .
Congenital glaucoma. . . . . . . . . . . . . . . . . . . .
Other anomalies of the eye . . . . . . . . . . . . . .

Ear, face, and neck:
Branchial cleft (vestigial,

gill-like structure) . . . . . . . . . . . . . . . . . . . . .
Anomaly of the ear with impaired

hearing . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Other anomalies of the ear (not all-

inclusive) . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Other anomalies of the face and neck . . . . .

Muscuioskeietai system:
Hip dislocation without central nervous

system defects . . . . . . . . . . . . . . . . . . . . . . .
Clubfoot without central nervous

system defects . . . . . . . . . . . . . . . . . . . . . . .
Polydactyly (extra fingers or toes) . . . . . . . .
Skull and facial bone anomaly. . . . . . . . . . . .
Syndactyly (webbing between fingers

or toes) . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Arm anomaly N. E.C.a. . . . . . . . . . . . . . . . . . . .
Reduction deformity (absence of a portion

or all of a body part, especially limbs) . . .
Other congenital anomalies of the limbs

(not all-inclusive). . . . . . . . . . . . . . . . . . . . . .
Other musculoskeletal anomalies (not all-

inclusive) . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Other seiected birth defects:
Hemangioma of skin (birthmarks formed by

bundles of blood vessels) . . . . . . . . . . . . . .
Anomalies of abdominal wall. . . . . . . . . . . . .
Breast anomalies . . . . . . . . . . . . . . . . . . . . . . .
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5.0

3.5

92.8

23.7

25.7
7.0
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SOURCE. Birth Defects Monitoring Program
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Figure A.5.–Percentage of United States Live Births in the Birth Defects Monitoring Program (BDMP),
by United States Census Region, 1980

TOTAL – 21.3%
SOURCE: U.S. Department of Health and Human Services, Centers for Disease Control, Congenital Malformations Surveillance, 1982

and personal habits often contribute to the risk of be-
ing adversely affected by a given agent. Such con-
founding variables must be considered when attempt-
ing to isolate potential workplace hazards (134). In
addition, the same agent may have different effects,
depending on the extent and timing of embryo/fetal
exposure. For example, structural abnormalities are
most likely to be induced during the first 8 weeks of
gestation (when many women do not yet know that
they are pregnant), since this is when most differen-
tiation and organogenesis takes place (see chapter 3).
Later fetal stages may be equally sensitive to induc-
tion of certain other defects, such as carcinogenesis
or behavioral, immunological, or endocrine abnormal-
ities (111).

one study apportions the etiology of birth defects
as follows (181):

● genetic transmission, 20 percent;
● chromosomal abnormalities, 5 percent;
● therapeutic radiation, 1 percent;

. infection, 2 to 3 percerlt;
● maternal metabolic imbalance (e.g., diabetes), 3

to 5 percent;
c drugs and environmental chemicals, z to 3 percent.

The remaining 63 to 67 percent of birth defects are
designated as of unknown origin.

This section re~’iews the causal factors for major
birth defects that have been identified to date, some
only tentatively. These causal factors are categorized
as environmental, pathological, heritable, iatrogenic,
nutritional, or sociobehavioral.

Ent~ironmental Factors.–v’arious environmental pol-
lutants, such as the ubiquitous polychlorinated bi-
phenyls (PCBS), which are synthetic, chlorinated
hydrocarbons used for electrical insulation (1 12,185),
and possibly dioxins (119), are thought to produce
birth defects. Although PCBS iire transferred in greater
amounts to the child postnatally through the mother’s
milk, prenatal transfer across the placenta may none-
theless have a significant impact on the embryo/fetus
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cies of congenital malformations (135). A certain type
of tumor causing secretion of hormones that induce
hypertension in the mother can cause fetal death.
Other rare tumors that cause maternal sex hormone
imbalances may masculinize a female fetus (66).

Iatrogenic Factors. —Perhaps the most famous case
of teratogenesis resulting from medical treatment in-
volved thalidomide, a drug used widely in Europe dur-
ing the early 1960s as a sedative (see chapters 2 and
3). The drug was relatively harmless to the mother but
was belatedly found to produce severe limb deformi-
ties as well as anomalies of the heart, kidney, and gas-
trointestinal tract in the fetus tvhen taken early in
pregnancy (83,103).

Isoretinoin (Accutane@

) Roche Laboratories, Nutley,
NJ) an orally administered acne medicine licensed in
1982, was recently found to cause spontaneous abor-
tion and a variety of birth defects when taken during
the first trimester of pregnancy. The defects include
small or absent outer ear and ear canal, central nerv-
ous system anomalies including hydrocephalus and
microcephaly (small headsize), and congenital heart
defects. Through mid-1984, there were 17 reported
cases of birth defects and 20 reported instances of
spontaneous abortion in women who were receiving
isoretinoin. However, there is still no accurate infor-
mation on the number of normal births among women
using isoretinoin (95,154).

Some seemingly innocuous over-the-counter (OTC)
drugs may also be hazardous because they are often
regarded as nonpharmacological agents and are taken
indiscriminately. One study found that 9S percent of
pregnant women surveyed used OTC drugs during
pregnancy. Some minerals and vitamins, the most fre-
quently consumed OTC drugs (65 percent of women
surveyed), can be fetotoxic in excess amounts. Excess
maternal ingestion of lfitamin D may result in vascu-
lar disorders, mental retardation, and hypercalcemia.
Chronic intake of analgesics, the second most frequent
type of drugs consumed (61 percent), have been ten-
tatively associated with low birth weight and stillbirth.
Certain cough medications (ranking sek~enth at 11 per-
cent) may also be hazardous: chronic maternal use of
such codeine-containing compounds can cause symp-
toms similar to narcotics withdra~va] in the newborn
(61).

Other medicines now suspected, but not conclu-
sively proven, to be teratogenic, include:

●

●

●

anticonvulsants, used-to treat epilepsy (38,186);
CNS stimulants, such as certain amphetamines,
the antidepressive imipramine, and possibly
lithium (I09,131);
sex hormones: The synthetic estrogen diethyl-
stilbestrol (DES), a drug used in the 1940s and

●

●

●

●

●

●

●

19 SOS to prevent miscarriage, is now known to
be both teratogenic (73) and a transplacental car-
cinogen (60) (see chapter 2). Danazol, a pharmaco-
logic used to treat endometriosis and fibrocystic
breast disease, may also cause masculinization of
the female fetus when taken during pregnancy,
especially after the 8th week when the embryo
becomes sensitive to danazol’s male-hormone
activity (127);
beta adrenergic drugs, used to treat hyperten-
sion and cardiovascular disease (89);
anticoagulants, such as warfarin or dicumarol,
given orally during early pregnancy, are terato-
genic (28,170) and increase the rate of spontane-
ous abortion and stillbirth (49);
alkylating agents for the treatment of cancer
have been associated with a variety of malforma-
tions (27,120), and intrauterine growth retarda-
tion and death (36);
antibiotics, such as penicillins, tetracycline) or
chloramphenicol rna~’ be teratogenic or fetotoxic
(16,17,130). Streptomycin may cause hearing loss
and cerebral damage (172);
insulin and other ;mtidiabetic drugs (8);
antinauseants, such as Bendectin@ (Merrell-
National Laboratories, Cayey, PR), and antihista-
mines (80); and
thyroid suppressants (56).

Therapeutic X-rays at doses above 10 rads may harm
the fetus; the risk at doses below this level becomes
progressively minute (15b,15c). one hypothesis based
on animal data suggests that chronic in-utero irradia-
tion of the embryo/female fetus accumulating to above
20 rads may be associated with premature menopause
in the offspring. Furthermore, there may be a period
of particularly high sensitivity of the female fetal germ
cells during the last trimester of gestation, during
which comparable damage may be inflicted by a dose
of about 7 rads (29). Exposure to radiation during the
first 3 weeks of gestation is more likely to result in
spontaneous abortion than other developmental ef-
fects (147).

Nutritional Factors .—Maternal malnutrition during
pregnancy results in fetal growth retardation (182).
The periods of famine during World War 11 were ac-
companied by increased rates of spontaneous abor-
tion, stillbirth, neonatal death, and congenital malfor-
mation (5,136,137).

Although imbalances in t’arious nutrients have been
suspected of causing congenital malformations, only
zinc deficiency has occurred often enough in humans
to provide solid evidence of teratogenicity (18). Cer-
tain cytotoxic drugs used to treat cancer, as well as
chronic alcohol consumption, can cause folate defi -
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