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Women’s Fecundability and Factors Affecting It
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I. Introduction

World population first exceeded a billion people in the early
1800s and it took approximately a century for the next billion
increase. In 1999, our population exceeds six billion. Another
billion increase is projected in just over a decade [1]. The rapid
increase results from high fertility populations where average
numbers of live births typically range from five to eight [2].
Other parts of the world have undergone demographic transition
in association with industrialization and hover at or below re-
placement reproductive rates. The transition from high fertility
to low fertility is influenced by complex social changes thought
to be unrelated to basic biological capacity to reproduce.

Reproduction is a relatively rare event for women in industri-
alized countries. Only 6.5% of US women of reproductive age
(15—44) gave birth in 1995 [3], and one out of six women aged
40~45 have never had a child [4]. Although most girls grow up
assuming that they will be able to have children when and if
they choose to do so. an estimated 10—~15% of live births require
more than a year to conceive {5], suggesting that these couples
may be experiencing some fertility problems. :

This chapter focuses on variability in biological capacity to re-
produce. How variable are different populations? What accounts
for variability among women within a population? Do women
with abundant food have greater capacity for reproduction?

Terminology for describing fertility and fertility problems is
not uniform across disciplines. We will follow Leridon {6]. Fer-
riliry refers to number of live births. a focus of demographic
research. Fecundity denotes the biological capacity to repro-
duce. a focus of medical research. Fecundity is inherently diffi-
cult to measure: it requires successful interaction of several
complex biological processes. Women may be fecund but choose
to contracept and not demonstrate fertility. Conversely, they can
be fertile despite impaired fecundity by utilizing specialized in-
fertility treatments such as in virro fertilization. Fecundability.
the probability of conceiving in a given time interval. provides
a measurement tool for the study of fecundity. It usually is
measured as the probability of conceiving in any given men-
strual cycle (or month) amoug couples who are sexually active
and doing nothing to prevent pregnancy. The probability of con-
ceiving is a function of the fecundity of the male and female
partners but also varies with frequency and timing of sexual
intercourse. As for any probability, it cannot be assessed for an
individual couple but must be estimated for a group. If human
conceptions could be identified at time of fertilization. we could
measure fotal fecundability. Instead. most data provide esti-
mates of effective fecundability (the probability of conceiving a
pregnancy that survives to birth) or apparent fecundability (the
probability of having a clinically recognizable conception).
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This chapter explores the variability among couples in their
ability to conceive, as measured by fecundability. Unless spe-
cificaily stated otherwise, fecundability will refer to apparent
fecundability, the probability of conceiving a clinically recog-
nized pregnancy in any given menstrual cycle (or month). The
broader questions about social and economic determinants of
fertility and family size are beyond our scope. We start by sum-
marizing fecundability estimates from both contracepting and
noncontracepting populations. We then consider the major bio-
logical processes required for successful pregnancy and begin
to quantify how failure of these processes contributes to reduc-
ing fecundability. The largest section summarizes research on
factors affecting women's fecundability. Finaily. we propose di-
rections for future research.

II. Estimates of Fecundability

The majority of estimates of fecundability come from natural
fertility populations (populations in which contraception is not
used to limit family size). Today. natural fertility is most likely
to be found among rural populations of developing countries
and among conservative religious sects such as the Hutterites
and Amish of North America [7.8]. There are possible theoreti-
cal as well as practical advantages to studying natural fertility
populations. Natural fertility is thought to be the reproductive
pattern of the vast majority of our evolutionary past. so natural
fertility populations may be particularly suitable for exploring
the evolved mechanisms that underlie differences in female fe-
cundability [9,10]. Practically. the lack of contracepuve use can
simplify data collection. Waiting-time data for calculating fe-
cundability estimates can be conveniently collected for first
birth intervals (time from entry into a sexual union. e.g., mar-
riage. to the date of first conception, imputed from date of live
birth). When sexual union begins at marriage. existing mar-
riage and birth records can be used to estimate fecundability
retrospectively.

Wood et al.’s study of the Pennsylvania Amish provides one
of the best examples of first birth interval studies [11]. They used
the carefully-kept marriage and birth records of the Amish com-
munity to establish waiting times. Nearly all women married be-
fore age 30, so a fecundability estimate was calculated for women
aged 18—29. The estimated effective fecundability for the study
sample of 271 women was 0.25 (the probability of becoming
pregnant in any given menstrual cycle was 25%). Similar methods
were used in Taiwanese and Sri Lankan samples where effective
fecundability varied from 0.16 to 0.30 for 25-29 year olds [11].
Prior estimates of fecundability (based on clinically recognized
conceptions) in the first birth interval were summarized by
Wood [12]. Populations were from the US. Taiwan. Peru. Brazil.
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Mexico, France (including historical data), Tunis, and Quebec.
Fecundability estimates ranged from 0.14 to 0.31, with corre-
sponding conception waits of 10 months to 5.2 months.

Estimates of fecundability at the time of marriage often are
limited to young women and tend to be elevated by high coital
frequencies commonly seen with the onset of marriage [13,14].
Few studies have provided fecundability estimates for women
across the reproductive life span because they require accurate
information on the length of lactational amenorrhea. Studies in
contracepting populations require added information on birth
control usage. These concerns can be addressed best with pro-
spective studies in which individual women are followed to
collect accurate waiting-time data.

John et al. [15,16] conducted the first prospective study of
fecundability in a natural fertility population. the rural Bangia-
desh of Matlab Thana. Family planning in this population was
minimal. Women were sought for interviews once a month.
Nonetheless, absences of the women from home on’their inter-
view days resulted in gaps of two to four months in the records.
A sample of 403 married women aged 14-49 participated. Fe-
cundability was 0.19 for nonbreastfeeding women and less
than 0.07 for breastfeeding women. However. even with the
prospectively-collected data, concern about accuracy of post-
partum amenorrhea information led Leridon [14] to question
these fecundability estimates.

Strassmann and Warner [10] studied the waiting time to con-
ception in a Dogon village of 460 people in Mali. West Africa.
The total fertility rate of the postreproductive women in this
village was 8.6 births, and none of the women in any cohort
reported that they had ever used contraception. During menses
Dogon women spend five nights sleeping at a menstrual hut,
which made.it possible to monitor female reproductive status
prospectively without interviews. By censusing the women
present at the menstrual huts in the study village every night for
two years. Strassmann and Warner were able to prospectively
monitor the time from a woman's first postpartum menstruation
to the onset of her last menstruation before a subsequent preg-
nancy. Urinary steroid hormone protiles for 93 women in two
villages showed that, over a 10 week period. women in the
principal study village went to the menstrual huts during 87.5%
of all menses and did not go to the huts at other times [17].
Thus. menstrual hut visitation provided a reasonably reliable
indication of menstruation.

The Dogon sample included 50 women aged 15—+1 with pro-
spectively observed conception waits. Fecundability was esti-
mated at 0.11 with covariates assigned mean values for the
population (covariates included age. time since marriage. gra-
vidity, and lactation). This fecundability estimate corresponds
to a conception wait of 8.3 months.

In contracepting populations prospective studies that can en-
roll women at the time they stop using contraception in order to
conceive provide the most accurate waiting-time data. Though
such studies have been done. none were done primarily to mea-
sure fecundability and none present fecundability estimates
based on statistical modetling of the entire distribution of wait-
ing times. However, first cycle conception rates provide a good
estimate of mean fecundability for a population (described in
Leridon [6]), and these data have been published. We describe
three prospective studies that reported these data.

Tietze [18] reported data on 611 US women who had their
IUDs removed in order to become pregnant. Ages ranged from
17 to 42, with median age of about 25. The apparent fecunda-
bility (estimated by first cycle conception rates for clinically
recognized pregnancies) was 0.33. Most of the women had been
pregnant before, so this estimate represents fecundability for 4
couples of proven fertility. If women with no prior pregnancies b
had been included, the estimate of mean fecundability probably
would have been lower.

The second study, the North Carolina Early Pregnancy Study,

enrolled 221 volunteers at the time they began trying to con-
ceive [19]. Follow-up continued for six months or through the
eighth gestational week for those conceiving during the study.
Women ranged in age from 21 to 42, with 80% between the ages
of 26 and 35: 35% were nulligravid. The apparent fecundability
was 0.24 (estimated by first cycle conception rates for clinically
recognized pregnancies). This is probably a low estimate be-
cause some women stopped contraception well into their first
cycle. so the opportunity to become pregnant during that first
cycle was reduced for these women. On the other hand. women
with known fertility problems were excluded from participation.
so we would expect this factor to bias the estimate upward.

The third study {20], conducted in Denmark. enroiled 411
couples at the time they began trying 1o conceive a first preg-
nancy. Couples were recruited from four trade unions: metal
waorkers. office workers. nurses. and daycare workers. Most par-
ticipants (92%) were in their twenties. Couples were followed
until clinically pregnant or through six menstrual cycles, which-
ever came first. Fecundability as estimated by the first cycle
conception rate for clinical pregnancies was 0.16.

The fecundability estimates presented here are highly variable

(0.11 t0 0.33), and variation exists both among the contracepting
samples and among the natural fertility samples (Table 11.1).
Some of this variation may have methodologic explanations. In
natural fertility populations, accurate estimates depend on ascer-
tainment of when a couple begins having sexual intercourse and
when lactational amenorrhea ends. Reporting accuracy may
vary with study design as well as with education and other char-
acteristics of participants.

In contracepting populations, waiting times can be measured

‘accurately in prospective studies of women stopping contracep-

tion in order to conceive, but these studies are based solely on
women planning a pregnancy. This is a select group. Some
women never attempt to conceive because they do not want
children. Other women become pregnant even though they are
not intending to. In the United States about half of pregnancies
are unplanned [21]. Though nearly half of these unplanned
pregnancies were to women not using contraception. the others
were conceived during months when birth control had been
used. This latter group of women might be expected to have
high mean fecundability because they became pregnant while
using some form of birth control around the time they con-
ceived. Therefore, fecundability estimates based only on women
trying to conceive are likely to be lower than true fecundability
in the population. Given the methodologic issues and the limited
number of studies, the degree to which populations differ in
their true fecundability is not known.

Fecundability varies within populations as well. Regardless
of the mean fecundability for the population and whether it is a
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Table 11.1
Estimates of Fecundability in Selected Populations
References Population Design N Estimate Estimation method
[11] Amish, US natural fertility Retrospective 271 0.254 Model distribution of time from marriage
to imputed conception

[11] Taiwan, 1967 natural Retrospective 445 0.214 Model distribution of time from marriage
fertility 25-29 year olds to imputed conception

{111 Taiwan, 1973 natural Retrospective 471 0.30¢ Model distribution of time from marriage
fertility 25-29 year olds to imputed conception

[11] Sri Lanka, 1987 natural Retrospective 655 0.164 Model distribution of time from marriage
fertility 25-29 year olds to imputed conception

[15,16] Matlab Thana, Bangladesh Prospective 403 0.19¢ Model distribution of waiting times
natural fertility nonnursing

[10] Dogon, Mali natural Prospective 50 0.11¢ Model distribution of waiting times
fertility

18] US women having IUDs Prospective 611 0.33¢ First cycle conception rate
removed to conceive

[19] North Carolina, US Prospective 211 0.24¢ First cycle conception rate
women stopping contra-
ception to conceive

{20] Danish couples stopping Prospective 430 0.16° First cycle conception rate

contraception to attempt
first pregnancy

“Effective fecundability.
bApparent fecundability.

natural fertility population or a contracepting population, nearly
all studies show that some couples are more fecund than others.
This heterogeneity is expressed in the gradual decrease in con-
ception rates during successive months of trying. Using Tietze's
data [18] as an example (Fig. 11.1), the conception rate in the
first month of trying to conceive was 0.33. declining to 0.21 by

0.35
0.30
0.25
0.20

0.15

Pregnancy Rate

0.10

0.05

1 1 | 1 " L I i ' 1 1

12 3 4 5 6 7 8 9 10 11 12

Month of Attempt Time

Fig. 11.1 Decline in fecundability seen in a population over months
of attempt time. As the more fecund couples conceive and drop out of
the pool of waiting couples, the sample becomes more and more se-
lected for low fecundability couples. Data are from 611 women having
TUDs removed in order to conceive [18]. -

month three and to 0.12 by month nine. This pattern is produced
because the most fecund couples become pregnant quickly.
Those still trying in the latter months are those couples who
tend to have low fecundability. Identifying and quantifying the
impact of factors that can account for this variability in fecund-
ability is an active area of current research. Age and frequency
of intercourse are obvious examples. but many other factors
may also play a role. )

II1. Biological Processes Reflected in
Measures of Fecundability

Figure 11.2 illustrates the reproductive failure or loss inher-
ently measured in apparent and effective fecundability, using
midrange estimates from the literature [21a]. For 100 women
beginning the first menstrual cycle in which they attempt to
conceive, 20—25% will start a viable pregnancy. The other 75 to
80 cycles represent some form of reproductive failure. The vast
majority of women aged 25-39 who are not using hormonal
contraceptives ovulate each cycle {22.23], so anovulation can-
not account for much of this early reproductive failure. The rate
of fertilization is unknown, but in vitro fertilization rates are
high [24]. If sexual intercourse is timely, in vivo fertilization
rates may also be high. There may be considerable loss prior to
implantation, but no data are available.

Very early pregnancy testing can be used to estimate preg-
nancy loss after implantation, before normal clinical detection
of pregnancy. Highly sensitive tests for the pregnancy hormone.
human chorionic gonadotropin (hCG), can detect pregnancies
around the time of implantation using daily first morning urine
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Fig. 11.2 Time line of reproductive failure. Of 100 sexually active
women who start a noncontracepting menstrual cycle. approximately 95
will ovulate. An unknown number will have eggs fertilized and blasto-
cysts develop. About 36 women will show urinary hCG evidence of
pregnancy at around the time of implantation, but only about 26 of these
pregnancies will survive long enough to be clinically detectable at about
six weeks after the start of the last menstrual period. Compared to the
earlier weeks, relatively little loss occurs after clinical detection. See
text for references (figure adapted from Figure 1 in [21a]).

specimens from women trying to conceive. Early pregnancy
losses can be identified by a rise and fall of hCG. The North
Carolina Early Pregnancy Study, which used a very sensitive
hCG assay, defined chemically detected pregnancies by hCG of
0.025 ng/mi or greater for at least 3 consecutive days. levels that
exceeded those found in a group of women with tubal ligations
[19]. In that study, 22% of chemically detected pregnancies
were unrecognized clinically and another 2% were recognized
clinically but lost within the same time period (i.e., within six
weeks of the start of the last menstrual period) [25]. Thus. very
early postimplantation pregnancy loss was estimated to be 24%.

Two more studies tend to corroborate this estimate of early
loss. Both followed somewhat similar protocols but used less
sensitive assays for hCG (the North Carolina study used a po-
lyclonal antibody to detect the intact molecule {26], and the
antibody is no longer available). Bonde et al. [20] identified
pregnancy by hCG = | IU/L (0.076 ng/ml) in the first 10 days
of the menstrual cycle following the conception cycle and re-
ported a loss rate of 17%. Zinaman et al. [27] identified preg-
nancy by 3 consecutive days of hCG > 0.15 ng/ml and reported
a loss rate of 13%. If these two sets of criteria for detecting
pregnancy are applied to the North Carolina data. the loss rates
in that study would be 17% and 14%, respectively, suggesting
that early loss rates in the three studies are remarkably similar.

Projecting these data onto the timeline of loss in Figure 11.2,
we estimate that of the 100 women entering an attempt cycle,
only 36 would have chemically detectable implantations. The
combination of failure to fertilize, preimplantation loss, and loss
at the time of implantation accounts for the majority of repro-
ductive loss. By comparison, loss after clinical recognition is
relatively small. Only about 3% of the original 100 cycles re-

sults in a clinically identified pregnancy that is lost spontane-
ously. This 3% represents a 10—15% spontaneous abortion rate
[28,29] and a stillbirth rate (loss after 26 weeks) of less than 2%
among clinical pregnancies [30].

Reproductive loss at the different stages involves alterations
in diverse biological processes. Failure to ovulate can arise from
impaired gamete production/maturation or from hormonal im-
balance. Fertilization requires timely oocyte release, sexual inter-
course, and transport of gametes through the female reproductive
tract. Survival to clinical recognition requires successful blas-
tocyst formation, uterine receptivity, and implantation. Failure
in any of the biological processes will result in an apparent
nonconceptive menstrual cycle. Factors that interfere with any
of these biological processes will reduce fecundability.

[V. Factors Affecting Fecundability

Factors affecting fecundability may operate through any of
the biological pathways necessary for successful development
of a conceptus. Frequency and timing of sexual intercourse is
obviously important. Though fecundability clearly depends on
effects on both male and female partners, we focus the remain-
der of the section on factors affecting female fecundity. Many
factors have been identified, but the mechanisms by which they
influence fecundability may not be known. Such tactors include
age. reproductive tract infections. previous methods of birth
control. health-related behaviors such as cigarette smoking and
exercise. and occupational exposures. Past exposures with long-
term adverse effects may be as important as current conditions.
Even a woman’s exposures during her prenatal development
could influence future fecundability by affecting her reproduc-
tive tract development and lifetime supply of ova.

A. Frequency and Timing of Sexual Intercourse

Sexual intercourse must occur close enough to the time when
the egg is released from the ovary for fertilization to occur. Two
studies provide detailed data on the length of the fertile window
and day-specific estimates of conception probabilities relative
to the day of ovulation. A third large study is in progress with
preliminary results published. The first study enrolled 241 cou-
ples who used natural family planning [31]. The data were rean-
alyzed by Schwartz e? al. [32] who reported a 7-day fertile
window ending on day of basal body temperature rise. with
highest probabilities of conception on the middle three days. A
6-day fertile window ending on estimated day of ovulation was
reported by Wilcox et al. [33]. Pregnancies were identified by
assay of daily urine specimens and included pregnancies that
were lost very early. Conception probabilities for the last three
days of the 6-day window were about twice those of the earlier
three days. However. the conceptions occurring on the day of
ovulation were at high risk of very early loss [34]. The proba-
bility of conceiving a surviving pregnancy was highest on the
two days before ovulation (Fig. 11.3). This pattern is consistent
with the earlier study [32] and preliminary data from the ongo-
ing European Multicenter Study [35].

Couples who have frequent intercourse will be more likely to
have sex on days when the probability of conception is high.
and these couples should have higher fecundability. This is

e s A e e £

g ey




\

130 SECTION 3—-REPRODUCTIVE HEALTH
0.30 - Table 11.2
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Fig. 11.3 The probability of clinical pregnancy following intercourse
on a given day relative to ovulation. The estimated probability of con-
ception is 0 outside of the 6-day window ending on the day of ovulation.
Data are from the North Carolina Early Pregnancy Study (figure adapted
from Figure 1 of [34]).

supported by data from natural fertility populations that show
higher fecundability associated with recent marriage. an indirect
measure of frequency of intercourse [10]. Higher fecundability
also has been associated with frequent intercourse in studies
based on interview data from women in the US [36.37]. Con-
cern has been raised about possible adverse effects of too
frequent intercourse (short abstinence time). Though a short
abstinence time is associated with lower sperm count and sperm
concentration [37a], even daily intercourse had no measureable
adverse impact on fecundability in a study of couples with no
known fertility problems [33.37b].

For couples having difficulty conceiving, purposeful timing
of intercourse could be even more effective than increasing fre-
quency, but some methods for timing intercourse are not opti-
mal [38]. The basal body temperature shift comes too late.
Urinary luteinizing hormone (LH) provides a signal close to
ovulation {39], but gives no information about earlier fertile
days. Couples using LH kits who wait for the urinary LH signal
often will miss the two most fertile days. However, earlier days
can be identified by cervical mucus characteristics [40]. Couples
who have intercourse frequently after cervical mucus becomes
receptive will tend to have intercourse on those days with the
highest probabilities of conception.

B. Age

When age-specific fecundability data are available. women in
their twenties usually show the highest fecundability. Table 11.2
shows this pattern in data from the Dogon. Effective fecunda-
bility had an inverse U-shaped relationship with the woman’s
age, peaking at 0.19 for ages 26~29 years [10]. The lower fe-
cundability of adolescents is consistent with known menstrual
cycle irregularities (including anovulation) in the years imme-
diately following menarche [22.23]. The drop-off in fecundabil-
ity with later ages is conmsistent with the decline in coital
frequency usually found among older women [41]. However,
women’s fecundity also declines. A large French study of

women undergoing artificial insemination. whose husbands
were sterile. found that the number of insemination cycles re-
quired for pregnancy increased with age [42]. Women in their
twenties had the highest fecundability. It was somewhat lower
for women in their early 30s, and those over 35 had a more
marked reduction in fecundability. A similar study in the Neth-
erlands has reported the same pattern [43].

The biological changes that underlie reduced fecundability in
older women are not well understood. Several factors probably
operate together. Ellison {44] summarizes three hormonal stud-
ies showing reduced levels of salivary progesterone in older
cycling women. Others have considered the relative importance
of egg quality and uterine receptivity [45]. Egg quality declines
in older women, as demonstrated by higher pregnancy rates in
older women having oocyte donation compared with other older
women. However, the uterus also is implicated because among
donor egg recipients. older women have lower pregnancy rates
than younger women [45a]. Further research is needed to inves-
tigate other aspects of the reproductive process in older women.
For example. do older women have fewer preovulatory days of
fertile cervical mucus?

C. Lactation

Lactation suppresses ovulation and results in amenorrhea.
Even after menses has resumed. breastfeeding appears to reduce
fecundability. For example, in Assam. India, fecundability was
41% lower among cycling women who were breastfeeding com-
pared to nonbreastfeeding women [46], and a strong effect also
was seen in the Matlab of Bangladesh {15,16]. However. repro-
ductive hormones are reported to return to normal cyclicity in
the first couple of menstrual cycles after lactational amenorrhea
[47.48], and fecundability also has been reported to rise rapidly
during those first few menstrual cycles [47]. Thus, if women
continue to breastfeed long after resumption of menses. this
prolonged lactation may not reduce fecundability.

Leridon [14] points out how challenging it is to evaluate fe-
cundability in postpartum women who nurse. Collecting suffi-
ciently detailed time-dependent data on resumption of menses,
nursing habits. and the inherently correlated tactors of nutrition
and health is very difficult. Small prospective studies in differ-
ent ecologic settings that can collect detailed hormonal and
nursing data along with information on sexual intercourse may
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reveal more about lactation and subfecundity than large, less-
detailed fecundability studies. :

D. Pelvic Infection and Other Medical Conditions

Pelvic infections are a common cause of reduced fecundabil-
ity and sterility [49]. Pathogens can ascend the female reproduc-
tive tract after vaginal entry and cause infection and subsequent
scarring of the oviducts. Though tubal damage is the most stud-
icd sequelae of pelvic infections, chronic inflammation of the
cervix and uterus might also reduce fecundability by interfering
with gamete transport and implantation.
¥ The sexually transmitted organisms, Chlamydia trachomatis
ot and Neisseria gonorrhoea are the two widely recognized path-
% ogens that cause pelvic inflammation [49]. Both are found
- throughout the world and are probably responsible for dramati-
cally reduced fertility in sub-Saharan Africa [50]. In the United
States, asymptomatic infection is thought to be even more
comimon than diagnosed infection, and adverse effects on fecund-
ability are not limited to symptomatic cases [49,51]. Trichomo-
niasis also has been associated with reduced fecundability [52].
Sexually transmitted pathogens may not be the only impor-
tant microbes. A history of Cesarean-section [53] or a ruptured
appendix [54] has been associated with reduced fecundability,
and spread of infection to oviducts is a potential mechanism.
Bacterial vaginosis and mycoplasmas also have been associated
with pelvic disease [53.36]. It is not clear whether bacterial va-
ginosis directly reduces fecundability or predisposes the repro-
ductive tract to infection by sexually transmitted organisms [57].
Other factors also may influence fecundability by affecting
susceptibility to infection. The adverse effects on fertility asso-
ciated with prior use of IUDs, especially the Dalkon Shield. is
attributed to increased risk of pelvic infection [58.59]. On the
other hand. the combination of barrier and chemical contracep-
tive methods (e.g.. diaphragm with spermicide) has been found
to protect against tubal damage [60]. presumably by reducing
infection. Vaginal douching also may reduce fecundability by
increasing susceptibility to infection [61]. Several studies show
douching to be a risk factor for pelvic inflammatory disease
(reviewed in Zhang er al. [62]), and supporting laboratory work
shows that douching can reduce the prevalence of vaginal lac-
tobacillus, a bacterium that protects against pathogens [63].
Several other medical conditions in women are associated
with reduced fecundability, the most common being thyroid dis-
ease [64], endometriosis [65], polycystic ovary syndrome [66],
and uterine fibroids [67]. Shared HLA-DR serotypes between
male and female partners also may reduce fecundability [68].

E. Nutrition and Exercise

A woman's nutritional status and energy balance are expected
to influence fecundability [69], but data are limited. Extreme
cases of malnutrition, as in anorexia. result in anovulation and
amenorrhea [70]. Similarly, intense physical training, as for bal-
let dancers or marathon runners, can result in anovulation and
amenorrhea {71].

Effects on fecundability of more moderate nutrient deficits or
exercise regimens are unclear, but menstrual cycle hormones
are known to be affected. Bullen er al. [72] reported reduced

luteal progesterone levels in untrained women after starting an
exercise program. Salivary progesterone data from four separate
studies (Boston, Poland, Zaire, and Nepal) showed similar pat-
terns associated with energetic stress (reviewed by Ellison [44]).
The Boston women were on a voluntary exercise program, the
Polish women did seasonal agricultural work with no mecha-
nized farm equipment. and the women in Zaire and Nepal be-
longed to subsistence populations with highly seasonal food
resources. The latter two populations also were known to have
seasonal changes in birth rates consistent with low fecundability
in seasons of high energetic stress.

Despite hormonal evidence, actual links between hormones
and fecundability in these populations have not been demon-
strated. Higher luteal progesterone is associated with higher fe-
cundability in some. but not all, of the few available studies,
and these were all conducted in the US (summarized in Baird er
al., [73]).

John er al. initiated a study in Bangladesh designed to assess
fecundability changes with chronic undernutrition [15.16]. They
measured women's height and collected weight data monthly to
determine changes in body mass. However. this measure of nu-
trition had no significant effect on fecundability. The nonsignif-
icant results led the investigators to conclude that seasonality of
conceptions in Bangladesh may have more to do with changes
in coital frequency than to changes in nutrition. Physiologic
studies in laboratory animals suggest that sexual behavior may
be more sensitive than ovarian function to increased energetic
demand [74].

Nutritional balance is more than just getting enough calories.
Body fat may not be the best marker; specific nutrients may be
more important. This is supported by findings from a clinical
trial of folate supplementation designed to evaluate the vita-
min’s effects on birth defects. After randomization. the folate-
supplemented group had significantly higher pregnancy rates
[75]. These findings suggest the need for investigation of more
nutritional markers when studying fecundability.

F. QObesity and Body Weight Distribution

Obese women tend to take longer to conceive than women of
normal weight [76—78], probably because of endocrine imbal-
ances (reviewed in Harlow and Ephross [79]). A history of
obesity in adolescence is associated with reduced fecundity re-
gardless of adult body mass [78.80]. The distribution of fat in
the body also has been found to be associated with fecundability
[81]. A 0.1 unit increase in waist-hip ratio (e.g.. the difference
between a 26-inch waist and a 30-inch waist for women with
36-inch hips) was associated with a 30% decrease in fecunda-
bility. Women with higher waist-hip ratios have been reported
to have low pH of the endocervical mucus and higher androgen
levels {82].

To what extent elevated androgen levels and subclinical poly-
cystic ovarian disease may be an underlying mechanism for
obesity-related subfecundity is unknown. A 13-year follow-up
study of adolescent girls showed that androgen levels tended to
track over time (i.e.. higher adolescent levels were predictive of
higher levels later in life) [83]. Furthermore, those with high

androgen levels were less likely to have become pregnant dur--

ing the 13-year follow-up, and this could not be explained by
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other factors such as differences in sexual behavior or use of
oral contraceptives. Further longitudinal research on androgen
levels, the relationship with fecundability, and early-life factors
that might cause elevation in androgen levels is needed.

G. Oral Contraceptives and Other Medication

Oral contraceptives were introduced in the 1960s, and by
1970 Wolfers [84] had shown that pill users had a temporary
reduction in fertility during the first few months after discontin-
uing pill use. The effect appears to be mediated by endocrine
effects [85]. The short-term subfecundity was substantiated by
Harlap and Baras [86] who found a 30% reduction in the first
month after discontinuation. The temporary reduction is fol-
lowed by cycles during which pill users appear to have higher
fecundability than the other women still attempting pregnancy.
The effect was more marked in older women who had used the
pill for longer durations. Pill users did not show more long
conception waits (>12 months). The absence of long-term ad-
verse fecundity effects of pill use has been substantiated in the
Nurses Heaith Study [87]. A recent study also found temporary
subfecundity after stopping the pill [20], suggesting that this
effect occurs even with the new low-dose medication.

Little research has been done to evaluate effects of other com-
mon medications. This is a difficult area of research because
women who take a medication have some underlying condition
that might account for any observed decrease in fecundability.
A case-control study of self-reported prescription medication
use and ovulatory infertility found associations with thyroid
preparations. antidepressants, tranquilizers, and asthma medi-
cation [88], but no adjustments could be made for underlying
disease.

Laboratory animal evidence suggests that analgesic medica-
tions such as aspirin, indomethacin, and the nonsteroidal anti-
inflammatory drugs like ibuprofen may reduce fecundability,
but human evidence is still very limited. These drugs block
prostaglandin production by inhibiting the cyclooxygenase en-
zymes. The reproductive function of these enzymes has been
studied in knockout mice that lack the gene for one or the other
of the two cyclooxygenase enzymes. COX-I or COX-IL. COX-
IT appears to be necessary for implantation and also for release
of the egg from the ovary during ovulation [89]. Thus, the cy-
clooxygenase inhibiting drugs might be expected to result in
reduced fecundability in women. Small experimental studies of
egg release measured by ultrasound show retention of eggs in
women given indomethacin [90,91]. Ibuprofen has not been
studied, but may show similar adverse effects when taken
around the time of ovulation.

H. Prenatal Factors

A woman'’s lifetime supply of eggs is produced during tetal
life, peaking at around six months gestation [66]. Prenatal ex-
posures might reduce fecundability during adulthood by lim-
iting egg numbers or affecting egg quality. Prenatal exposures
can also affect reproductive tract development. Diethylstilbes-
trol (DES) provides the best documented example in humans.
Prenatally exposed women are at higher risk for many reproduc-
tive problems, including reduced fecundability [92].

Reduced fecundability associated with reduced cocyte num-
bers has been demonstrated in laboratory animals exposed pre-
natally to benzo(a)pyrene, a component of cigarette smoke [93].
In women, prenatal exposure to cigarette smoke has been linked
to reduced fecundability in one study [94], but not in others
[95,96].

Repositories of data (and sometimes serum samples) from
past studies of large cohorts of pregnant women present re-
sources for research on prenatal effects on fecundability (e.g.,
the California Child Health and Development Study and the
Collaborative Perinatal Study). The daughters born to the partic-
ipants are now adults whose fecundability can be studied [96].
Data on prenatal exposures are available from interviews con-
ducted with their mothers during pregnancy.

1. Lifestyle Factors

Cigarette smoking was first linked with reduced fecundability
in a Danish study in 1983 [97], and the relationship was inves-
tigated in several studies during the subsequent decade with
most studies finding adverse effects (reviewed by Baird [98]).
The association has been most convincingly confirmed in a
multicenter study based on data from nine areas in Europe [99].
The researchers reported that nulliparous women smoking >10
cigarettes/day had significantly reduced fecundability. Results
were fairly consistent across study populations. making it quite
unlikely that the effect could be explained by bias.

Alcohol drinking also was linked to reduced fecundability in
the 1983 Danish study [97]. Though very heavy drinking has
clear adverse effects on fecundability [100.101]. studies of
moderate alcohol consumption have shown little consistency
[102]. However. a report from the Danish prospective study of
fecundability found adverse effects of even moderate alcohol
consumption (1-5 drinks/week) [102a]. This studv collected
detailed data on alcoholic beverage consumption during each
menstrual cycle of trying, thus providing more accurate data
than were available in any of the previous studies. It may be that
prior studies failed to find effects because of excessive misclas-
sification of alcohol intake.

Caffeine and reduced fecundability was first reported in 1988
[103] for a subset of study participants who presumably pro-
vided the best data on caffeine intake. Results from further stud-
ies have been inconsistent, showing adverse. positive. and no
measurable effect (reviewed in Dlugosz and Bracken [104] and
Jensen er al. [105]). Furthermore, adverse caffeine effects are
often found only in subgroups of study populations. For exam-
ple, Olsen [106] found an effect only for smokers with very high
caffeine intake. whereas Stanton and Gray [107] found an asso-
ciation only in nonsmokers. Results from the European Study
of Infertility and Subfecundity, with data trom five locations,
show a small reduction in fecundability (10% reduction) only at
very high caffeine levels. the effect being somewhat stronger in
smokers [108]. A prospective study with cycle-specific caffeine
data showed a weak (nonsignificant) decrease in fecundability
only in nonsmokers [105]. The effect that is reported also is not
consistent across various types of caffeinated beverages [109].
Because coffee drinking is related to other health-related behav-
iors like smoking and stress, the small effects seen in most stud-
ies could be explained by poorly measured associations with
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* other factors. At this point, no clear conclusions can be drawn.
* An intervention study with detailed prospectively recorded caf-
feine data may be the only way to clarify the issue.
Psychological stress has been associated with infertility prob-
lems, but because psychological stress has been measured after
fertility problems are recognized, it may well be a result, rather
than a cause, of reduced fecundability {110]. One prospective
study measured psychological stress before couples had ever
tried to conceive [111]. They reported reduced fecundability in
stiessed women whose menstrual cycles were long, but not in
the majority of stressed women, and suggested those with long
cycles may represent women who were particularly susceptible
to stress. An intervention study designed to evaluate the effects
of a stress-reduction program for infertility patients is now be-
ing conducted in the United States. Only more prospective stud-
ies can provide meaningful information on this important issue.

J. Occupational Exposures

The discovery of reduced fertility and sterility in males ex-
posed to the fumigant dibromochloropropane [112] focused at-
tention on occupationai effects on fecundability. The initial
search was directed at male exposure and its effects on semen
characteristics, but subsequent studies have included or even to-
cused on occupational etfects on females. The first was a Danish
study that examined a broad range of occupations and chem-
ical and physical exposures in both men and women [113). In
the 1990s came reports of adverse effects for women associated
with nitrous oxide [37], video display terminals [114], mercury
vapor [115], and pharmacists working with antibiotics [116]
(see reviews in Gold and Tomich [117] and Baird er al. [118]).
Other studies have implicated employment as a hairdresser
[119], shift work [120,121], employment requiring high energy
demand or long hours [122.123], pesticides [124.125], lead
[126], and solvents [125,127-129].

However, other studies find little evidence for occupational
exposures adversely affecting women’s fecundability (e.g.. Spi-
nelli et al. [130]), and results for specific exposures often show
apparently differing results. The lack of consistent findings is
not surprising. Unless a study is focused on a group of exposed
women. the number of women with a given occupational expo-
sure often will be too few to estimate effects. Also. exposures
usually have been assessed by self report of past employment
situations so that exposure levels may not be comparable across
studies. Future studies will need to focus more on enrolling
large numbers of exposed women and quantifying exposure
more precisely.

V. Summary and Directions for Future Research

The description of fecundability began with demographers
and has only recently been addressed by epidemiologists and
anthropologists. The available data suggest that fecundability
may vary widely among populations. Differences between nat-
ural fertility populations and contracepting populations appear
to be much smaller than variability within each group. Some
differences in fecundability probably reflect different study de-
signs and methodology, but known determinants of fecundabil-
ity also differ among populations. No study has systematically

tried to compare fecundability estimates among populations by
adjusting for differences in age, frequency of intercourse, and
prevalence of Chlamydia and gonorrhea.

Methodology for anthropologic and epidemiologic investi-
gation of fecundability is still being developed, and issues of
validity and bias have been addressed [21a,131-134]. Prospec-
tive studies can provide accurate waiting-time data but involve
select populations with limited generalizability. Retrospective
studies also have their own methodologic challenges. Though re-
search supports the general validity of recalled time-to-pregnancy
data [135,136), studies based on recall data involve pregnancy
attempts that began at various times in the past. Variation over
time in family planning practices, desired family size, and prev-
alence of exposures can be difficult to adjust for in such studies.

Concern has been raised about whether fecundity has de-
clined with the possible increase of reproductive toxicants in the
environment [137.138]. However, fecundability in developing
countries shows increases over time [139]. Given the current
limitations in methodology, it is easier to study the effects on
fecundability of specific exposures than to compare fecundabil-
ity over time.

Perhaps the most efficient research strategy is to incorporate
multiple approaches. Studies of fecundability in the general
population (such as the European Infertility and Subfecundity
Studies) can provide data on prevalent lifestyle factors like cig-
arette smoking and can provide insight into methodologic issues
of measurement and selection bias. Any exposure that is only
experienced by a small portion of the population (which in-
cludes most occupational exposures) must be studied in spe-
cially identified groups known to have high prevalence of
exposure {e.g., selection of microelectronics workers for study
of glycol ethers).

Combining fecundability studies with laboratory research de-
signed to elucidate possible biological mechanisms can be very
helpful. For example, data showing adverse effects of vaginal
douching on fecundability are very limited. but laboratory data
showing that douching can shift the vaginal ecology toward
pathogen susceptibility makes the fecundability data more per-
suasive. Similarly, if folate supplementation were found to
enhance follicular growth, support more rapid midcycle lutein-
ization, or reduce very early pregnancy loss, the limited data on
fecundability effects would be more convincing. Future re-
search that involves collaboration among biologists. toxicolo-
gists, epidemiologists, and anthropologists is likely to have the
most impact. e
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