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Appendix A

Reproductive Dysfunction

In the Population

Introduction

Analysis of incidence rates and trends in reproduc-
tive dysfunction in the general population, along with
evidence of nonoccupational causal factors, is impor-
tant to this report because: :

1. such analysis provides background rates against

which to identify unusual increases in incidence
that may be related to occupational hazards
within population subgroups;

.correlation of background rates with demo-
graphic and other variables may yield clues to the
etiology of certain reproductive disorders;

3. nonoccupational exposure to reproductive health
hazards may have synergistic effects with factors
existing in workplace settings; and

4. a better understanding of the etiology of repro-
ductive dysfunction may allow identification of
hazards and development of preventive or pro-
tective measures that could be applied in the
workplace.

The following review is organized according to the
two populations affected by reproductive hazards—
adults and offspring. Recent trends and possible causes
of infertility in both men and women are discussed,
and major impairments manifested in the offspring—
including infant mortality, low birth weight, and birth
defects—are examined. Depending on available data,
incidence rates are analyzed for correlation with dem-
ographic variables such as age, race, geographic re-
gion, and socioeconomic level.

[\

Infertility

Incidence of Infertility

There have been three national surveys of repro-
ductive capacity among married American couples, in
1965 (128), 1976 (163), and 1982 (117). Despite meth-
odological differences between the first and the lat-
ter two surveys, some trends in infertility emerge
from the data.

It is important to note that infertility is often a tem-
porary phenomenon. Fstimates of infertility may
therefore vary widely, according to the specified in-
terval of inability to conceive. The common medical
definition of infertility is used here: inability to con-
ceive after 1 or more vears of marriage during which

contraception is not used. This 1-year period appears
reasonable since almost 90 percent of the infertile cou-
ples surveyed were infertile for 18 months or more,
and almost half for 30 months or more (117).

In 1982, approximately 2.4 million married Amer-
ican couples, or 8.4 percent of those in which the
wives were of childbearing age (15 to 44), were clas-
sified as “unintentionally” infertile. Of these couples,
70 percent wanted to have a child. Thus, in 1982, a
total of 6 percent of married couples involving women
of childbearing age who wanted to have a child were
thwarted by infertility (117). The epidemiologic pro-
file of infertile couples in the United States reveals a
tendency for them to be black, the wife to be age 30
or over and have less than a high school education,
and for the couple to have experienced one or no pre-
vious live births (117a).

In the 1965-82 period, the overali unintentional in-
fertility rate for all women aged 15 to 44 appeared
to drop from 11.2 to 8.4 percent (table A-1). However,
the percentage of couples in which one or both part-
ners had been surgically sterilized more than doubled
in this period, from 16 to 39 percent (117), thus reduc-
ing the population at risk for infertility. If the infertil-
ity rate is calculated only for the at-risk population G.e.,
excluding those who were surgically sterilized), over-
all infertility did not in fact change (table A-2). There
was, however, a significant increase (3.6 to 10.6 per-
cent) in infertility among the 20 to 24 age group of
wives during this period (117). The still-sizeable gap
in infertility between couples in which the wife is over
30 and those in which the wife is vounger may there-
fore be narrowing.

Although the 1982 data have not yet been analvzed
by racial subgroups, the 1965 and 1976 data reveal
significant race-specific trends. Unintentional infertil-
ity increased by 350 percent among black couples in
which the woman was 20 to 24, and 58 percent among
those in which the woman was 25 to 29. Smaller but
significant increases were found among white couples
in which the women were in the same age group
(117a). Blacks exhibited consistently higher overall in-
fertility than whites: 55 percent higher in 1965, and
92 percent higher in 1976.

These racial differences may also be partiyv expfained
by trends in surgical sterilization: the percentage of
couples seeking surgical sterilization is rising more
rapidly among whites than blacks, reducing the num-
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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 1982°

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 28,231 100.0 158 282 389 112 103 8.5 730 616 52,6
Age:

15-19 years 1,032 1,043 612 100,0 0.6° 10 0.3° 0.6° 2.1° 2.1° 98.9 966 97.7
20-24 years 4,397 4,977 4,130 100.0 3.1 45 8.2° 3l 6.4 9.7° 934 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 7.0° 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 71.3 53.5 48.7
35-39 years 5700 4,814 5,783 100.0 22.8 45.3 58.1 14.2 125 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 9.0° 52.9 352 243
Parity:

o] - 5,235 5,098 100,0 73 5.6 9.9 145 18.1 19.6 78.2 76.3 70.5
1 - 5571 5891 100.0 7.5 8,8 17.7 172 124 10.8 75.3 78.8 .7
2 - 7,638 9,042 100.0 14,2 323 46.9 9,3 6.0 5.0 76.6 61.7 48.1
3 or more - 9,045 8,201 100.0 215 498 633 9.4 7.9 3.8 69.0 423 32,9

astallsllcs are based Orkamples of the household population of the Contermmous Umted states

bwelgflted numbers not avatlable by ParIIy for 1965
clnrj,~ales that the stallstic 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

1544 years. ................ 13.3 14.3 13.9
15-19years............... 0.6° 2.1° 2.1°
20-24years . ... 36 °6.7 10.6
25-29years. . ... 7.2 10.8 8.7
30-34vyears. . ............. 14.0 16.1 13.6
35-39years............... 18.4 22.8 24.6
40-44years .. ... 27.7 31.1 27.2

All parities . . ............... 13.3 14.3 13.9
0 e 15.6 19.2 21.8
L 18.6 13.6 13.1
2 10.8 8.9 9.3
3;rmoe” LT Lir;rrrrarr 120 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, “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

“rhe 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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fetotoxicity and/or severe physiological or genetic
defects; in about 50 percent of first trimester spon-
taneous abortions, the fetus exhibits a chromosomal
abnormality (50). One study of couples with a history
of 3 or more consecutive spontaneous abortions iden-
tified possible causative abnormalities in 56 percent
of the couples. The most common defects were anoma-
lies of the uterus (15 percent), infections of the uter-
ine lining (15 percent), and cervical incompetence (13
percent). Hormonal dysfunction was identified in 5
percent and chromosomal abnormalities in 3 percent
of the couples (145). Several additional factors associ-
ated with birth defects (discussion follows) are also
thought to increase the risk of spontaneous abortion.

The incidence of spontaneous abortion is difficult
to determine, largely because most occur during the
first few weeks after conception when the woman
may not vet know she is pregnant and embryo/fetal
loss is difficult to detect. Estimates of spontaneous
abortion range from 30 to 75 percent of all pregnan-
cies (1). One prospective study using very sensitive
pregnancy indicators found that 43 percent of the con-
ceptuses were lost by the 20th week of pregnancy.
Only one-fifth of these losses (9 percent of the total)
were clinically apparent (110).

While retrospective abortion data are often more
accessible than medical records or prospective data,
there may be limits to the usefulness of recalled abor-
tion data. Failure to recall an abortion may be related
to:

- the time elapsed since the event,

+ the total number of births or spontaneous abor-

tions experienced by the woman,

+ a woman's age at the time of pregnancy,

+ the gestational age of the fetus at the time of

abortion,

+ medical treatment and hospital admission, and

+ social class and education.

A 1984 study of the accuracy of spontaneous abortion
recall found that one of every four recorded spontane-
ous abortions was not later recalled (179).

The likelihood of spontaneous abortion increases
with maternal age, especially after age 40, and is
greater among those who have previously had spon-
taneous abortions (124). One estimate for clinically
apparent spontaneous abortion among first pregnan-
cies in women under age 30 ranges from 8 to 11 per-
cent; in women over age 35, estimates range from 15
to 22 percent (67).

causes of Infertility

Infertility is attributed in roughly equal proportions
to husbands and wives among married infertile cou-
ples (54). The etiology of a given reproductive disorder

may differ from situation to situation, and is otten dit-
ficult to pinpoint: estimates of the percentage of in-
fertility cases for which no cause can be pinpointed
ranges from 6 (168) to 50 percent (81).

The multiplicity of factors that frequently contrib-
ute to a given case of infertility can further obscure
the etiology and thus hinder effective treatment: in
one study, 40 percent of 141 extensively examined in-
fertile couples were found to have multiple factors
contributing to their reproductive impairment—7 per-
cent had 3 or more identified contributing factors
(168). In addition, individuals may be affected differ-
ently by a given agent due to differences in charac-
teristics such as age, health, and personal habits that
can affect the risk of reproductive damage.

A separate in-depth study of about 500 infertile cou-
ples found that the three major primary causes of in-
fertility were ovulation defects, tubal disease, and
“male factor” problems, including sperm count below
10 to 20 million sperm per milliliter (million/ml) of se-
men, impaired sperm motility, or psychiatric problems
leading to impotence or loss of libido. Approximately
20 percent of diagnosed cases were attributable to
each of these disorders, which therefore collectively
caused infertility in 60 percent of diagnosed couples.
No diagnosis was possible for 25 percent of the cou-
ples (77). Among major secondary causal factors were
unreceptive female mucus (severe infection or im-
mune response to sperm causing agglutination), en-
dometriosis (unusual location, proliferation, and dis-
persal of tissue resembling that of the uterine lining),
cervical abnormalities, and luteal phase deficiency (in-
sufficient secretion of hormones necessary to main-
tain the uterine lining). In this study, 52 percent of
the infertile couples eventually bore a viable infant;
90 percent conceived within 1 year of initial medical
consultation (77).

The proportion of fertile* couples in the United
States fell from 73 to 53 percent between 1965 and
1982. This drop is paralleled by a twofold increase—
from 16 to 39 percent—in the percentage of couples
in which one or both partners have been surgically
sterilized by tubal ligation, vasectomy, or hysterec-
tomy (117). While this trend in surgical sterility is not
further explored here, it is useful for isolating, and
sometimes explaining, trends in unintentional infer-
tility.

The following two sections discuss the rates and pos-
sible causes of specific conditions contributing to
reproductive impairment among women and men. De-
pending on available information, the following cate-
gories of causal factors are discussed for both women

‘Couples defined hereast ertile em'{) repass all those capable ot
conceiving, including those who are using (writ raception
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and men: 1) environmental factors, including pol-
lutants; 2) pathological factors, including infectious
disease; 3) heritable factors, such as inherited syn-
dromes; 4) iatrogenic factors (i.e., side effects of
medical treatment), including contraception and ther-
apeutic drugs; 5) nutritional factors; and 6) socio-
behavioral factors, including “recreational” drugs,
stress, exercise, and paternal or maternal age.
Women.—The six causal factors listed may contrib-
ute to the following female reproductive impairments,
all of which can contribute to infertility: amenorrhea
(absence of menstrual cycle), oligomenorrhea (reduced
frequency of menstrual cycles), anovulatory cycles (a
cycle during which no egg is released), premature
menopause (cessation of menstrual cycling before the
mid to late 40s) and spontaneous abortion.
Environmental Factors.—Two trends in exposure to
environmental reproductive hazards may contribute
to the increase in infertility among younger couples:
1) the increasing proportion of women entering the
work force and thus potentially being exposed to re-
productive health hazards in the workplace (6); and
2) the possible increased exposure of couples to envi-

ronmental toxins that impair fertility (12).

Among the many environmental pollutants that may
impair fertility among women are DDT analogs and
polycyclic aromatic hydrocarbons. The banned pesti-
cide DDT and the DDT analogs currently in use, such
as methoxychlor, mimic the action of the sex hormone
estrogen. Laboratory animals exposed to these pesti-
cides exhibit impaired fertility and disturbances in
mating behavior (57,90,171) (see chapter 4). Polycyclic
aromatic hydrocarbons are common environmental
pollutants produced by the burning of fossil fuels (e.g.,
oil, gasoline) and cigarettes, and the production of syn-
thetic fuels (98,129). In experiments with laboratory
animals, these hydrocarbons have been shown to de-
stroy developing egg cells (37,101,102), produce ovar-
ian tumors (70), and decrease fertility (91,100).

Pathological Factors.—Both the rise in infertility
among vounger couples and the concurrent decrease
in infertility among older couples have been linked to
trends in sexually transmitted disease. The rise in in-
fertility among young couples may be partially due to
the rising incidence through the 1960s and early 1970s
of gonorrhea among voung women (153). Gonorrhea
can cause pelvic inflammatory disease (PID) with ac-
companying infertility (174). Reported cases of gonor-
rhea tripled between 1965 and 1975 (24) with the high-
est rates evident for women aged 20 to 24, who have
also shown the largest increases in infertility (157).
Since 1975, the number of reported gonorrhea cases
has exhibited a slow decline. Even with declining mor-

t £
bidity, persons aged 20 to 24 continued to account for

30 to 40 percent, and persons 15 to 19 for nearly 25

percent of all reported cases of gonorrhea each year.
By 1982, rates for women 15 to 19 exceeded those for
women aged 20 to 24 (153).

Sexually transmitted infection by the chlamydia
organism is a sometimes-unrecognized cause of infer-
tility, although it has been described as epidemic in
the United States (63). A study of pregnant women at-
tending a prenatal clinic reported chlamydial infec-
tions in 5 to 10 percent of the women, a rate up to
10 times higher than thar for gonorrhea, which was
found in only 1 percent of the patients (63). Like gonor-
rhea, chlamydial infections can cause PID. In fact,
chlamydial PID may be more likely to cause infertil-
ity than gonorrhea-induced PID (63). The high rate of
“silent” chlamydial infections that are not clinically
apparent, the lack of national incidence data, and fre-
quent misdiagnosis have caused this disease to be both
underestimated and undertreated.

From 1975 to 1981, the hospitalization rate for PID
rose slightly overall for women aged 15 to 44 (174).
High-risk groups included women in their 20s, di-
vorced or separated women (1.7 times more likely to
be hospitalized than single or married women), and
nonwhite women (whose hospitalization rate was 2.5
times that of white women). Other factors that may
have contributed to the recent rise in PID include the
early age at which the baby-boom generation became
sexually active, the tendercy to have intercourse with
a greater number of partners (187}, and the shift away
from contraceptives, like the condom, that protect
against PID (117a,148). It has been projected that if
these rises in venereal and pelvic inflaimmatory dis-
eases continue among young women, 11 percent of
women born in 1955 will become involuntarily sterile
as a result of these diseases alone (24).

This rise in PID has also been linked to a near three-
fold increase in the incidence of ectopic pregnancy,
from 4.8 per 1,000 live births in 1970 to 14.5 per 1,000
live births in 1980 (155). Ectopic pregnancy consists
of implantation of the fertilized egg outside the uterus,
often in the fallopian tubes that normally guide the
egg from the ovary to the uterus. PID causes about
50 percent of ectopic pre; ynancies (63). Ectopic preg-
nancies must vir lualu alwa_y:a be terminated to save
the mother’s life and can cause temporary infertility.
The infertility can be permanent if there is irrepar-
able damage to the fallopian tubes. In one study of
women with recent removal of an ectopic pregnancy,
only about 20 percent eventually achieved live birth
and only after at least 1 year of infertility (126).

Heritable Factors.—Maternal sickle cell anemia has
been associated with increased risk of spontaneous
abortion (115). Myotonic dystrophy, an inherited de-
generative neuromuscular disease, can cause amenor-
rhea, although afflicted females in the younger age
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groups sometimes manage to conceive (133). Several
inborn hormonal imbalances, when untreated, can
compromise fertility in females. For example, im-
balanced synthesis of steroids by the adrenal gland
(congenital adrenal hyperplasia) is the most common
cause of ambiguous external genitalia at birth. With-
out hormone replacement therapy, this disorder can
result in infertility among these females (132). Un-
treated gonadotropin deficiency can result in amenor-
rhea and the failure of female secondary sex charac-
teristics to appear. Untreated hypothyroidism has
been associated with increased stillbirth rates and de-
creased fertility (66).

Some gross chromosomal abnormalities have also
been linked to female infertility. Females born with
only one of the normal pair of X chromosomes exhibit
impaired ovarian function and are infertile (135).
Women horn with an extra X chromosome sometimes
undergo premature menopause (139; for an in-depth
review of heritable disorders that adversely affect fe-
male fertility, see ref. 135).

Iatrogenic Factors.—The use of oral contraceptives,
which has rapidly increased since their release to the
public in 1960 (166), can cause temporary infertility.
Women may take longer to conceive after discontinu-
ing use of oral contraceptives than those who use
other or no methods of contraception (88). Two re-
cent studies have linked IUD use to pelvic inflamatory
disease and primary tubal infertility (22,25). Relative
risk of developing primary tubal infertility differs de-
pending on type of IUD used.

Both radiation and chemotherapy treatments for
cancer can cause reproductive impairment in women.
The effects of both treatments are age- and dose-
related (20); both can cause ovarian damage and im-
paired fertility, to which prepubertal girls are more
resistant than older females. Abnormal ovarian func-
tion can surface as irregular, anovulatory, or absent
menstrual cycles or abnormal levels of certain sex hor-
mones. The risk of complete ovarian failure due to
chemotherapeutic drugs increases after the late 20s
with clinical symptoms, including amenorrhea and low
postmenopausal-like levels of certain sex hormones,
that produce insomnia, irritability, and depressed
libido (20). Furthermore, use of combinations of such
drugs seems to increase the risk of ovarian failure.

Finally, most treatments for infertility (including
many drugs that induce ovulation and some surgery)
are associated with increased risks of spontaneous
abortion among ensuing pregnancies. This effect may
be a direct result of the treatment or due to an incom-
plete cure of the original reproductive impairment
67).

Nutritional Factors.—Changes in diet and body com-
position, many of which are associated with exercise,
can affect female reproductive function. Substantial
weight loss, low body weight-for-height, low percent-
age of body fat (40,41,42), and high energy consump-
tion (173) have all been implicated in amenorrhea. The
higher prevalence of menstrual disorders reported
among college women compared with the general pop-
ulation has been associated with weight loss of 20
pounds or more—11.3 percent of college women re-
ported oligomenorrhea and 2.6 percent reported
amenorrhea (9) compared with 10 percent and less
than 1 percent, respectively, in the general population
(150). The severity of menstrual irregularity among
those college women tested was associated with older
age at menarche (9).

Malnutrition and starvation, including that induced
by anorexia nervosa, can also delay menarche in
voung girls, who may then be permanently sterile.
Malnutrition and starvation can also result in amenor-
rhea in older women (10).

Sociobehavioral Factors.—The recent tendency to
delay childbearing to later years (161), when infertil-
ity is comparatively high, may result in an overall rise
in infertility, especially in the older age groups (6). The
reason for this age-related rise in infertility is un-
known but may be partially due to the cumulative im-
pact of infectious, occupational, and environmental
agents as well as endogenous changes with age. The
latter, “normal” age-related changes, could include
changes in neuroendocrine hormone function, ovar-
ian dysfunction, and increased incidence of spontane-
ous abortion.

Although many so-called recreational drugs, both
licit and illicit, are suspected to have detrimental ef-
fects on reproductive ability, chronic cigarette smok-
ing and heavy alcohol consumption have been most
strongly implicated. Cigarette smoke can cause a dose-
related lowering of the age of menopause, a sign of
oocyte depletion (99). Smoking also increases the risk
of spontaneous abortion to almost twice that of non-
smokers, according to one study (79). Women who
drink the equivalent of one or more ounces of abso-
lute alcohol twice a week (or at least four drinks per
week) are almost twice as likely to abort spontaneously
than women who drink less (78).

Other widely used licit and illicit drugs have been
more tentatively linked to fertilityv problems. Bar-
biturates, some tranquilizers, marijuana, and narcotics
may affect neural input into the hypothalamus, the
brain center that orchestrates many of the body's en-
docrine functions, including the secretion of sex hor-
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mones. Marijuana can alter patterns of sex hormone
secretion and inhibit ovulation in lab animals (138).
Narcotics, such as heroin, may impair libido, potency,
menstrual regularity and fertility, and may increase
the incidence of spontaneous abortion (176).

Women who exercise strenuously, such as mara-
thoners and ballet dancers, may exhibit some repro-
ductive dysfunction, including delayed menarche,
amenorrhea, and an abbreviated, dysfunctional luteal
phase of the menstrual cycle. The reasons for these
effects are largely unknown. However, exercise-induced
decrements in reproductive function can usually be
reversed through changes in lifestyle (23,143).

Men.—Major male reproductive dysfunction is asso-
ciated with abnormalities in semen or sperm, ejacula-
tory failure, and impotence. The three characteristics
of semen that are most strongly associated with infer-
tility are iow sperm count, reduced sperm motiiity,
and abnormal sperm morphology—all of which may
be interrelated (14,96). Most infertility clinics base
their evaluations on all three of these parameters (see
chapter 5). Standards of normalcy for these charac-
teristics, however, as well as the degree to which the
semen must deviate in order to cause infertility, re-
main controversial (86,105).

Although sperm count is commonly used as a meas-
ure of male fertility, neither a distribution of sperm
counts among normal men nor a “normal” sperm
count have been established. Sperm counts vary con-
siderably between men and even within the same man
according to age, sexual activity, season of the year,
general health, and quantitation technique used (54).
For example, daily sperm production declines signifi-
cantly with age (68)—the number of sperm per ejacu-
lation has been reported to decline by 30 percent in
the 60 to 70 age group and by a further 20 percent
in men 70 to 80 (48). In general, however, sperm
counts below 10 million/ml are thought of as low and
are correlated with increased risk of infertility
(105,188). Yet people with “low” sperm counts are not
always infertile. For example, one clinical study re-
ported that 50 percent of men with sperm counts be-
low 10 million/ml were able to initiate a pregnancy (2).

Sperm motility may also decline with age, especially
after age 40 (92). Antisperm antibodies in the semen

LRv.F<Y N ALRURAITS 1L STI

or in the cervical mucus of the female are associated
with sperm agglutination. impaired motility, and infer-
tility (96). Such antibodies can impede sperm penetration
of the female’s cervical mucus and egg (3). Antisperm
antibodies are often found in the blood of infertile cou-
ples (53). One study reported that in more than 30 per-
cent of infertile couples tested, at least one partner
possessed antisperm antibodies in the blood, and that
these couples had a lower incidence of subsequent
pregnancy (108) (see chapter 5 for further discussion

of seminal abnormalities as indices of reproductive im-
pairment).

An 8-year study of donor semen at one infertility
clinic reported a decline in semen quality, including
lower sperm counts and rore morphological abnor-
malities. Sperm motility remained constant. If this
trend continues, and increasing numbers of donors
have to be rejected, in 5 or 6 years none of the pro-
spective semen donors will meet minimal standards
(85). The significance of and reason for this decline
are unknown.

Environmental Factors.-—Analogs of DDT and cer-
tain other pesticides, some of which are still in use,
mimic the action of estrogen and may affect male fer-
tility (see chapter 4). Whether background levels of
pesticides in the environment affect male reproduc-
tive function is unknown. (A comprehensive review
of chemicais affecting human sperm appears in (184).)

Pathological Factors.—Several infectious diseases can
cause inflammation of the testes and subsequent fail-
ure of spermatogenesis. These diseases include mumps,
tuberculosis, gonorrhea, syphilis, typhoid, influenza,
and smallpox (52). Testicular failure, accompanied by
androgen deficiency, may also occur as a result of
hypothalamic or pituitary disease. Estimates of the in-
cidence of primary (i.e., testicular) endocrine defects
among subfertile men range from 0.5 to 3 percent
(26,167,169). Most infertile men have hormonal im-
balances that are attributable to other infertility-caus-
ing pathological conditions (183).

Varicocele, or abnormal dilatation of the veins lead-
ing from the testes, may contribute to male infertil-
ity. Because varicocele is correctable by surgery (149),
this disorder has been the subject of much recent re-
search as a possibly reversible cause of male infertility.

Infants who are born with both ovarian and testic-
ular tissue (for reasons that are usually unknown) are
known as “true hermaphrodites.” Due to the charac-
teristic testicular degeneration, hermaphrodites are
usually infertile as males, but have occasionally been
shown to be fertile as females (135).

Some major psychiatric illnesses, such as schizophre-
nia, manic-depression, depression, and anorexia ner-

vosa, are associated with infertility (10). The problem
is comnlicated by the fact that nsvc hnf_r‘np;r‘ drugs used
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to treat these disorders may dlso impair fer‘tlllty. Stress
may lower testosterone levels in men and may be asso-
ciated with decreased sperm count (104).

Impotence can be caused by pathological factors
such as injury or cancer of the spinal cord or brain,
cardiovascular disease, and hormone imbalances (in-
cluding diabetes), and is generally associated with de-
bilitating illnesses (55).

Heritable Factors.—Several congenital disorders, in-
cluding cystic fibrosis, are associated with infertility
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(52) (table A-3). Diabetes, sickle cell disease, and re-
nal failure may also depress sperm production. Gonad-
otropin deficiency can cause loss of libido, impotence,
infertility, and lack of sexual development. Another
inborn hormonal disorder involving abnormally high
levels of prolactin (a hormone secreted by the pitui-
tary gland) typically causes impotence, but there is no
general agreement about its effect on spermatogene-
sis (183). Myotonic dystrophy, an inherited degenera-
tive neuromuscular disease, is associated with testicular
atrophy accompanied by decreased libido, impotence,
and infertility in afflicted males (133). Certain congen-
ital urogenital or neurological abnormalities can cause
retrograde ejaculation, the most common form of
ejaculatory failure, in which the semen passes back-
wards into the bladder. However, this condition is
more commonly acquired than inherited, whether as
a side effect of surgery or trauma to the urogenital
region (55) or of neurological disorders.

Klinefelter’s Syndrome, whose frequency among males
is estimated at 0.1 percent (19), is caused by posses-
ston of an extra X chromosome and usually results in
azoospermia (absence of sperm). The testes of males
with this disorder are typically small and devoid of
germ cells.

latrogenic Factors.—Radiation and chemotherapeu-
tic treatments for cancer can cause germ cell abnor-
malities and destruction in human males. Common
side-effects are azoospermia, oligospermia (low sperm
count), impaired sperm motility, abnormal serum

Table A-3.—Conditions That May be Associated
With Azoospermia. Some of These Factors May
Cause Reversible Azoospermia

Genetic disorders:
Klinefelter's syndrome

Congenital disorders:
cystic fibrosis
myotonic dystrophy
Hormonal defects:
hypothalamus
pituitary gland
adrenal gland
thyroid
testes
e Severe illness or mainutrition

¢ Infection:
mumps
smallpox
e Drug therapy:
cytotoxic drugs
e |rradiation
SOURCE: Office of Technology Assessment.

levels of certain sex hormones, and decreased sperm
synthesis (11,20). Permanent sterility is a common side
effect of chemotherapeutic drugs, although some de-
gree of potency and libido is usually retained. Most
men experience decreased libido during combination
chemotherapy and one-third experience impaired
potency and decreased sexual pleasure after such ther-
apy ends (20,178). These side effects are generally less
severe in prepubertal boys than in men. Clinical
knowledge of the extent, synergism, and variability
of gonadal toxicity for many of these chemotherapeu-
tic treatments remains inadequate, however.

Antihypertensives, anticonvulsants, and psychotrop-
ic drugs can all cause impotence. In addition, adrener-
gic-blocking agents and surgery to the prostate and
bladder neck may cause retrograde ejaculation (55).

Nutritional Factors.—Some food additives may be re-
productive hazards: estrogenic hormones fed to cat-
tle to promote growth may be ingested by the human
consumer in amounts large enough to affect fertility
(52).

Sociobehavioral Factors.—Many commonly used
recreational drugs (licit and illicit) affect male fertil-
ity. Chronic intensive use of marijuana, for example,
is thought to inhibit normal secretion of gonadotro-
pins, the pituitary hormones directing gonadal func-
tion (138), and cause significant reduction in sperm
count and changes in sperm morphology (58). Alco-
hol depresses the synthesis and secretion of testoster-
one by the testes (69,106). Chronic alcohol consump-
tion and alcoholic cirrhosis lead to multiple hormonal
disturbances, growth of the male mammary glands,
decreased size and functioning of the gonads, and
sometimes impotence (55). Narcotics also cause impo-
tence and decreased sex drive. Heroin addicts show
depressed levels of certain sex hormones (76,107)
along with decreased sperm count and motility (138).

Chronic use of anabolic steroid hormones, composed
of testosterone and its synthetic derivatives, can cause
the body to manufacture less of its own testosterone

and reciilt in tacticnilar atronhy deecreaced gnarm
ang reésuat in esuliar awropny, Gecreasta sperm

count, and temporary infertility in males (189). Ana-
bolic steroids have been employed to build up muscle
mass by some athletes, particularly body builders and
weight lifters, for vears. More recently, the appeal of
anabolic steroids has broadened to other groups, such
as runners, swimmers, and cyclists.* Steroids appear
to be the class of chemicals most consistently affect-
ing sperm characteristics (184).

Chronic sniffing of paint or lacquer thinner can pro-
duce tissue abnormalities in the testes along with

*Women, as well as men, may use anabolic steroids in sports training. Be-
cause their bodis produce only tiny amounts of testosterone, female athletes
potentially will experience more of an effect on muscle mass from steroid
use than will male atheletes (189)
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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 Infertility 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 nonsterile,’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 parity°were also more likely to have had an

‘Nonsterile is defined here as not being sterile due to contra rep-

tite surgery, accident, or previous illness._
spa rity refers tothe number of pregnancies a woman has car -

ried to at least 20 weeks 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*White Black
Aii characteristics . . ... ... 6.9°%i0 6.70/0 74710
Age:
15-29vyears . .. ... ... 8.5 8.4 8.8
3044 years . . ... 5.0 4.7 5.9
Parity:
O-lparity................ 121 11.6 155
2 parity or more. . . . ... ... 2.6 2.6 2.3
Geographic region:
West................... 8.6 8.8 34
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 Heasth 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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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 low

birth-weight infants (74). These trends probably re-
flect improved neonatal care, but little improvement
in the prevention of prematurity and fetal growth
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.—Infant 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:

Underlyear............. 1,124.5 100.0

Under28days............ 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 35
Pneumonia and influenza . . . . 20.0 18
Birth trauma. . .. ............ 154 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

e multiple delivery (i.e., twins or triplets) (24.7 L".

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.—Infant Mortality Rates in the United
States, 19{6-76
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zpercent 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-3.-infant Mortality by Race,
United States, 1940-80
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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 States’have the lowest ag-
gregate rate of low birth weight (5.8 per 100 total live
births), while the nine South Atlantic States®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

Minnesota, fow a, Missouri, North Dakota, South Dakota,Nebras-

kaand Kansas.
*Delaware, Maryland, pistrict of Columbia, Virginia, West\ irginia,
North  Carolina, South Carolina, Georgia, and Florida
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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 relativell~ 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 wo 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: Congenital Metabolic Disorders:
Total congenital anomalies of nervous Total congenital amino acid disorders . . . . . 0.6
SYSteM . .o e 18.4 Cystic fibrosis . . . ...................... 0.6
Hydrocephalus (water on the brain) . . ... .. 5.6 Steroid metabolism disorder . . ... ........ 0.2
Spina bifida (open spinal column). . . ... ... 4.9 Phenylketonuria . . .......... ... ... ... ... 0.1
Anencephaly (absent brain) . . ............ 3.3 Total congenital carbohydrate metabolism
Microcephaly (small brain) . ... ........... 22 disorders ., . ... 0.1
Encephalocele (hernia of brain) . . ... ...... 1.0 Total congenital lipid metabolism
Heart and circulatory system: disorders ... 01
Patent ductus arteriosus (failure of the Gastrointestinai tract:
opening between aorta and pulmonary Total cleft lip and cleft palate . . ... ....... 13.4
artery to close at birth) . . .............. 25.4 Intestinal anomalies N. EC.° ............. 4.9
Ventricular septal defects (hole between Rectal defect, absence, or closure . . ... ... 3.0
lower chambers of heart) . . . ........... 147 Tracheal-esophageal fistula (opening
Absence of umbilical artery . . . ........... 3.2 between trachea and esophagus) . . . .. .. 18
Valve defect, absence, or closure . . . ... ... 22 Congenital pyloricdefect . . .. ............ 0.6
Atriai septal defect (hole between upper Other anomalies of the alimentary canal . . . 2.6
chambersofheart) . ................... 15 Visual system:
Endocardial fibroelastosis (thickness of Congenital cataract . . . . ..o oo 0.9
inner liningofheart) . . ................ 1.2 Congenital glaucoma. . . . . ...ovvero. .. 0.2
Tetralogy of Fallot (a combination of Other anomalies of the eye . . . . .......... 29
congenital heart defects) . .. ........... 0.9
Transposition of great arteries . . . . ....... 0.8 Ear, face, and neck:
Other anomalies of the heart (not all- Bfaﬂch'a' cleft (vestigial,
INCIUSIVE) « + o v v oo 26.6 gill-like structure) . . . e 1.7
. Anomaly of the ear with impaired
Urogenital system: hearing . ........coooeeuuui . 0.6
Hydrocele (collection of fluid in membrane Other anomalies of the ear (not all-
surrounding testes) . . ... ... L. 30.7 INCIUSIVE) « + o v v e oo 4.4
Undescended testicle . ... .. . R 21.5 Other anomalies of the face and neck . . . . . 1.6
Hypospadias (urethral opening on . L _
underside of penis or on M.USCWOSKE'.Eta' system:
the pelvic floor) . . ..o 27.0 Hip dislocation without central nervous
Renal agenesis (absence of kidney) . . . .. .. 16 system defects . ... 27.0
Congenital ureteral obstruction. . . . . . . . . 1.6 Clubfoot without central nervous
Cystic kidney disease . . .. ............... 1.2 systemdefects . ... 24.5
Indeterminate Sex . . . . . . . oo oo 0.6 Polydactyly (gxtra fingers or toes) . . ... ... 20.5
Male genita| anoma|y N. ECA ............ 53 Skull and facial bO!’]e anomaly' e 12.8
. Syndactyly (webbing between fingers
Respiratory system: OFH0BS) . . o oo e ettt 6,7
Agenesis (absence) of the lungs . . ... ... .. 25 Arm anomaly N. E.C.5 v v oo 50
Total anomalies of the nose .. ........... 2.2 Reduction deformity (absence of a portion
Anomalies of the larynx and/or trachea or all of a body part, especially limbs) . . . 35
NLEC. 22 Other congenital anomalies of the limbs
Congenital multi-system syndromes: (not all-inclusive). . .................... 92.8
Blood type ABO isoimmunization . . .. ... .. 144.8 Other musculoskeletal anomalies (not all-
Rh hemolytic disease in newborns . . . ... .. 15.6 inclusive) . . ... .. . 23.7
Down syndrome .. .. ... 7.9 Other seiected birth defects:
Total monitored infections . .............. 4.2 Hemangioma of skin (birthmarks formed by
Autosomal abnormalities (i.e., not on sex bundles of blood vessels) . . . ........... 25.7
chromosomes) except Down syndrome . . 18 Anomalies of abdominal wall. . . ... ....... 7.0
Total congenital syphilis . . . ... .......... 1.7 Breast anomalies . . . . .« .o oo 26
Fetal alcohol syndrome . . .. ............. 1.2
Abnormalities of the sex chromosomes
N EC ., 0.7
Congenital rubella . .. ................... 0.2

aN E C,—n,t elsewhere classified

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
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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;

¢ 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 i.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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due to: 1) the continuous exposure, 2) the relatively
small size of the fetus, 3) increased vulnerability at cer-
tain stages of intrauterine development, and 4) the fact
that the fetus lacks the protective barriers found post-
natally, such as the blood-brain barrier that bars cer-
tain drugs and potentially harmful substances from
reaching the brain (65, see chapter 4).

Animal experiments suggest that exposure of the
embryo/fetus in utero and neonatally to polycvclic aro-
matic hvdrocarbons {major pollutants also found in
cigarette smoke), radioactive substances, and gamma
rays may destroyv substantial numbers of female egg-
cell precursors. Although there is presently no direct
evidence, the human embryo/fetus may also be vul-
nerable to these agents, especially during the last tri-
mester, leading to egg-cell-precursor depletion and
eventual premature menopause (30,31). In the case of
ionizing radiation, there is evidence that a dose of less
than 10 rads to the implanted embrvo does not sig-
nificantly increase the incidence of congenital mal-
formations, growth retardation, or fetal death (15a).

A recent report on more than 5,000 newborns found
a dose-related correlation between high lead levels in
the umbilical cord blood and increased risk of minor
congenital anomalies such as hemangioma, hydrocele,
and undescended testes (118).

Fxpusure of the embryo to the pesticide DDT (see
blldPlCl "1’} ‘Ucfﬁf‘ﬁ illl})lallldllull in LhC ulrl ua, dlld lhuh
before protective placental barriers develop, may re-
tard intrauterine growth, according to animal studies
(36). In the mid-1960s, neurological disorders resem-
bling cerebral palsy were discovered in children af-
ter maternal ingestion of mercury-contaminated fish
in the now well-known case of Minamata, Japan (97;
see chapter 2).

Maternal exposure to some pesticides used in farm
work has been associated with diverse birth defects
in isolated reports (46,59). There may also be a link
between the consumption of high-nitrate groundwater
by pregnant women and teratogenesis (33). Glycol
ethers, a chemical species contained in a wide variety
of products (see chapter 4)—including paints, stains,
varnishes, and solvents—have been shown to be tera-
togenic in animals. High levels of air pollution have
been associated with reduced birth weight (180).

Pathological Factors.—The first teratogenic infec-
tious agent discovered was the rubella virus. This virus
produces a variety of birth defects, including congen-
ital cataracts, brain damage, and growth retardation
(140) (see chapter 4). The only other infectious agents
that have been unequivocally proven to be teratogenic
are cytomegalovirus, the virus most commonly affect-
ing human fetuses {although only 10 percent of those
infected develop symptoms) (51) (see chapter 4), and

a parasite, Toxoplasma gondii, transmitted through im-
properly cooked mutton or pork. These three mater-
nal infections are estimated to cause an aggregate 2
percent of all congenital malformations (71). The agent
of syphilitic infections, Treponema pallidum, is likely
to be teratogenic if the pregnant woman is not treated
for the infection. Other viruses and bacteria suspected
of being teratogenic include: herpes simplex virus
(116,142), varicella and herpes zoster (32), Venezue-
lan equine encephalitis (177), and influenza viruses
{80). Other viruses that are not necessarily teratogenic
but may cause fetal disease are mumps, polio, and
hepatitis.

Heritable Factors.—The incidence of malformations
among offspring of epileptic parents is two to three
times higher than that in the general population. These
malformations include cleft lip, cleft palate, and skele-
tal and cardiac abnormalities (151). Impaired mental
function and increased perinatal mortality have also
been associated with offspring of epileptic women.
The problem is compounded by the fact that the anti-
convulsant medications used to treat epilepsy may con-
tribute to teratogenesis.

Maternal, insulin-dependent diabetes is associated
with congenital malformations inveolving multiple or-
gan systems, particularly the cardiovascular and mus-
culoskeletal systems. There is an estimated two- to
threefold increase in malformations among the off-
spring of diabetic women, constituting a rate of 6 per-
cent or more. This effect is probably not seen in
women whose diabetes is controllable by diet or oral
hypoglycemic agents (113). Greater variability in ma-
ternal blood glucose has been strongly linked to a
higher risk of neonatal complications, including still-
birth and metabolic blood imbalances (7). In recent
years, the proportion of infants with congenital mal-
formations born to diabetic mothers has increased,
perhaps because of better management of the disease
during pregnancy that allows the fetus to survive to
a viable stage (122).

Maternal, sickle-cell anemia, afflicting 1 in 625 U S.
blacks (144), is associated with low birth weight and
high perinatal mortality (45). Maternal phenylketonuria
(a metabolic disorder caused by a deficiency of an en-
zyme needed to metabolize the amino acid phenylala-
nine, a normal protein component) is relatively rare,
afflicting 1 in 12,000 people in the United States (144),
but is associated with some serious defects including
small head-size, growth retardation, heart defects, and
childhood neurologic problems (66). Offspring of wom-
en with congenital heart disease may also exhibit
higher perinatal mortality (34). The offspring of wom-
en with Down syndrome who did not inherit the syn-
drome have been reported to show higher frequen-
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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).

latrogenic 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-
guently consumed OTC drugs (65 percent of women
surveyed), can be fetotoxic in excess amounts. Excess
maternal ingestion of Ifitamin 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) ma,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 (109,131);

« 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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ciency—a disorder related to CNS defects (140). Vita-
min supplements taken soon after conception may
help prevent CNS defects (141).

Sociobehavioral Factors.—Many recreational drugs
{licit and illicit) are known to adversely affect the fe-
tus. Alcohol is clearly teratogenic when consumed by
the mother in large amounts (defined variably) and
can result in “fetal alcohol syndrome,” characterized
by CNS dysfunction, mental retardation, growth defi-
ciency, and facial deformities (72,151). Among ne-
onates of alcoholic mothers, 83.3 percent had birth
weights under the tenth percentile compared with 2.3
percent in a nonalcoholic sample (152). A prospective
study of the relationship between birth weight and
alcohol drinking during the first trimester of preg-

nancy in 31,604 pregnancies indicated that consum-

ing at least 1 to 2 drinks daily was associated with a

significantly increased risk of producing a growth-

retarded infant. Conversely, consuming less than one
drink daily had a minimal effect on intrauterine
growth and birth weight. The authors note that “an
occasional drink has only a trivial effect on intrauter-
ine growth” (114).

Cigarette smoke and nicotine are also harmful, car-
rying an increased risk of: 1) prematurity, 2) low birth
weight, due partly to fetal malnutrition resulting from
depression of uterine circulation or maternal appetite,
and 3) perinatal death (121,151). A pregnant woman
who smokes two packs of cigarettes a day may reduce
the oxygen supply to her fetus by 25 percent (4). Be-
ginning in October 1985, new warning statements will
be required (Public Law 98-474) on the packages and
advertising of all cigarette brands sold in the United
States (175). One of these statements calls specific at-
tention to the hazards imposed by maternal smoking
on the offspring:

SURGEON GENERAL’S WARNING: Smoking by Pregnant
Women May Result in Fetal Injury, Premature Birth, and Low
Birth Weight.

Paternal smoking (35) and chronic alcohol consump-
tion (84) are both associated with sperm abnormalities
that may increase the risk of birth defects (66).

The regular use of marijuana has been linked to a
shortened gestation period. A 1-week reduction in
gestation length observed among heavy marijuana
users is of questionable clinical significance in and of
itself. However, the figure of 1 week is an average,
and the reduction is more marked as the quantity con-
sumed increases. The finding that marijuana usage can
contribute to a shortened gestation length may take
on clinical significance in certain individuals who con-
sume large amounts of the drug or in individuals
whose lifestyle habits include the use of other drugs
that may also reduce the length of gestation (39).

Although caffeine is suspected of being a teratogen
(13), heavy maternal coffee drinking (seven or more
cups per day) is associated with increased risk of low
birth weight offspring (62). Finally, narcotics can cause
prematurity, retarded intrauterine growth, and neo-
natal addiction (151).

Advanced maternal age is considered a risk factor
for a variety of birth defects, particularly for Down
syndrome (87): the risk of bearing an affected child
at age 45 is 1 in 32, more than 11 times greater than
at age 35 (123). Since an estimated 25 percent of chil-
dren with Down syndrome received their extra chro-
mosome from their fathers (123), paternal risk factors
should be further investigated. The incidence of Down
syndrome may rise in the future due to the increas-
ing popularity of delayed childbearing since the early
1970s. The first-birth rate in the 30 to 39 age group
has risen markedly compared with younger age groups.
The rate among women aged 30 to 34 doubled be-
tween 1972 and 1981 (159).

In contrast to infant mortality and low birth weight,
birth defects are more common overall among white
than black babies (165). Further, male babies and ba-
bies from plural deliveries (i.e., twins, triplets) are
more likely to have birth defects. Finally, the incidence
of birth defects is generally higher among babies born
to women with less than a high school education (165).
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