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study question: Are overall and central obesity associated with reduced fecundability in US black women?

summaryanswer: Overall and central obesity—based on self-reported measures of body mass index (BMI, kg/m2), waist circumference
and waist-to-hip ratio—were independent risk factors for subfertility in our cohort.

what is known already: Overall obesity (BMI ≥30 kg/m2) has been associated with infertility in several studies. The role of central
obesity is less clear. There are no previous studies of time-to-pregnancy (TTP) in black women.

study design, size, duration: Datawere derived from the Black Women’s Health Study, a prospective cohort study. During 1995–
2011, there were 2239 planned pregnancy attempts reported by 1697 women, resulting in 2022 births. Cohort retention was greater than 80%.

participants/materials, setting, methods: Eligible women were aged 21–40 years and reported at least one planned
pregnancy attempt during 1995–2011. Height and weight were reported in 1995, with weight updated every two years; waist and hip circumfer-
ences were reported in 1995 and updated in 2003. Avalidation study within the cohort showed high correlations between self-reported and tech-
nician-measured weight (r ¼ 0.97), height (r ¼ 0.93), waist circumference (r ¼ 0.75) and hip circumference (r ¼ 0.74). In 2011, TTP was
reported in months. Proportional probabilities regression models were used to estimate fecundability ratios (FRs) and 95% confidence intervals
(CI), adjusting for covariates.

main results and the role of chance: High BMI was associated with delayed conception: relative to BMI 18.5–24.9, FRs for
BMI categories of ,18.5, 25.0–29.9, 30.0–34.9 and ≥35.0 were 0.92 (CI: 0.64–1.32), 0.93 (CI: 0.84–1.03), 0.92 (CI: 0.79–1.06) and 0.73 (CI:
0.61–0.87), respectively. Associations were stronger among nulliparous women (P-interaction ¼ 0.003). After controlling for BMI, reduced fe-
cundability was observed among women with large waist circumferences (≥33 versus ,26 inches: FR ¼ 0.73, CI: 0.60–0.88) and large waist-to-
hip ratios (≥0.85 versus ,0.71: FR ¼ 0.83, CI: 0.71–0.97).

limitations, reasons for caution: TTP was reported retrospectively and error in recall is likely, particularly as time since the
pregnancy increases. However, results were similar when based on the most recent versus first pregnancies. Confounding may have been intro-
duced by the lack of control for important determinants of TTP. Nevertheless, control for maternal age and education, which are highly correlated
with TTP determinants such as paternal age and persistence in trying, should reduce the extent of confounding. The analysis was confined to
planned pregnancies. If pregnancy intention was related both to body size and fecundability, our results could be biased. Bias is likely to be
small because we found little difference in body size and other measured characteristics between pregnancy planners and non-planners.

wider implications of the findings: Our findings add to the growing body of literature showing that excess BMI is associated
with reduced fecundability and further suggest that central obesity is an important independent risk factor for infertility. The relation of obesity to
infertility is especially relevant to US black women because they have higher rates of obesity and infertility. Reductions in overall and central obesity
may offer the potential to improve fertility outcomes.
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Introduction
The prevalence of overweight and obesity has been increasing in
the United States (US) in recent decades, especially among African-
American women of childbearing age (Ogden et al., 2006; Kim et al.,
2007). High body mass index (BMI, kg/m2), a measure of overall body
fat (Willett, 1998), has been associated with lower fecundability—the
per cycle probability of conception—in several studies of women
(Zaadstra et al., 1993; Jensen et al., 1999; Bolumar et al., 2000; Diamanti-
Kandarakis and Bergiele, 2001; Hassan and Killick, 2004; Gesink Law et al.,
2007; Ramlau-Hansen et al., 2007; Nohr et al., 2009; Wise et al., 2010).
Underweight has also been associated with reduced fecundability (Zaad-
stra et al., 1993; Bolumar et al., 2000; Hassan and Killick, 2004; Gesink Law
etal., 2007; Wiseetal., 2010). Severalmechanismsmay be involved. Over-
weight (BMI 25–29 kg/m2) and obesity (BMI≥30 kg/m2) are associated
with anovulation (Grodstein et al., 1994; Rich-Edwards et al., 1994;
Rich-Edwards et al., 2002), biochemical alterations in the pre-ovulatory
follicular environment (Robker et al., 2009), a greater propensity for
intrauterine infections leading to tubal infertility (Sherman et al., 1987;
Grodstein et al., 1993; Cates et al., 1994) and lower follicular-phase estra-
diol levels (Ziomkiewicz et al., 2008). Underweight is associated with
increased FSH levels (Cramer et al., 1994), secondary amenorrhea
(Frisch, 1987), shortened luteal phase (Frisch, 1987) and lower follicular-
phase estradiol levels (Ziomkiewicz et al., 2008).

Central adiposity, the distribution of excess fat in the upper trunk
region, is often measured by waist-to-hip ratio (WHR) or waist circum-
ference (Evans et al., 1984; Kirschner et al., 1990; Huang et al., 1999).
Data are extremely limited on the role of central adiposity in fertility.
Of the three studies that have assessed the influence of central adiposity
or body fat distribution on female fertility, two reported evidence of
inverse associations (Zaadstra et al., 1993; Wass et al., 1997) and one
found no association (Wise et al., 2010). Independent of BMI, central adi-
posity may deleteriously affect fertility through altered estrogen metab-
olism (Kirschner et al., 1990), insulin resistance or hyperinsulinemia
(Falkner et al., 1999; Moran et al., 1999), oligomenorrhea (De Pergola
et al., 2009) and low pH of endocervical mucus (Jenkins et al., 1995).

Studies investigating the determinants of fecundability in black women
are scarce. Two nationally representative studies suggest that the preva-
lence of self-reported infertility is significantly higher in black women
than that in white women (Wellons et al., 2008; Kelly-Weeder, 2010).
Previous studies of body size in relation to fertility have not included ap-
preciable numbers of black women, nor have they presented data strati-
fied by race or ethnicity. To address these gaps in the literature,
we assessed the association of selected anthropometric factors—BMI
(measure of overall adiposity), waist circumference (measure of
central adiposity) and WHR (measure of body fat distribution)—with fe-
cundability in participants from the Black Women’s Health Study
(BWHS), a US prospective cohort study. The present study contributes
novel data on predictors of fecundability in black women and the import-
ance of central adiposity beyond that of overall adiposity.

Methods

Study population
The BWHS is an ongoing prospective cohort study of 59 000 African-
American women aged 21 to 69 at entry in 1995 (Rosenberg et al., 1995).

The baseline questionnaire elicited information on demographic and behav-
ioral characteristics, reproductive and contraceptive histories, anthropomet-
ric factors, health care utilization and medical history. BWHS respondents
live in various states across the country, with the majority residing in Califor-
nia, New York, Illinois, Michigan, Georgia and New Jersey. Every two years,
participants are mailed a follow-up questionnaire to update their health infor-
mation; follow-up through 2011 is �80%. The study protocol was approved
by the Institutional Review Board at Boston University Medical Center.

Starting in 2003, we sent BWHS participants who provided us with an
e-mail address a message containing a link to a web-based version of the
follow-up questionnaire before the first mailing for each follow-up cycle
(Russell et al., 2010). All those who did not respond to the web-based ques-
tionnaire within the first 6 weeks were then mailed a paper questionnaire. In
the cover letter of the paper questionnaire, therewas a reference to the web-
based questionnaire, informing participants of the option to complete the
questionnaire using either method. This allowed women who did not previ-
ously provide us with an e-mail address an opportunity to complete the web-
based questionnaire. Every 2–3 months, a follow-up mailing was sent to all
non-respondents, again listing the web-based questionnaire as an option.

The proportion of respondents who completed a web-based question-
naire doubled from 2003 (10%) to 2007 (20%). Web response was greater
at younger ages and declined with increasing age (Russell et al., 2010). The
proportion of missing data was lower on web-based questionnaires than
paper questionnaires, regardless of the sensitivity of a question (Russell
et al., 2010). Of the first 41 600 respondents to the 2011 follow-up question-
naire, 40% completed the web-based version (n ¼ 16 462). After adjustment
for differences in age between respondents to the web-based versus paper
questionnaire (36.7 versus 40.4 years), there was little difference between
the two groups at baseline with respect to mean BMI (27.7 versus 27.9 kg/
m2), mean waist circumference (31.9 versus 32.0 inches), mean WHR
(0.78 versus 0.79), education (15.2 versus 14.6 years), smoking (current:
13% versus 15%, former: 21% versus 19% and never: both 66%) and child-
bearing history (61.7% versus 65.7% parous; mean births: 2.1 versus 2.2;
mean age at first birth: 22.8 versus 22.2 years).

Assessment of time-to-pregnancy
On the 2011 web-based follow-up questionnaire, women reported whether
they had given birth to a child, the calendar year of each birth, whether the
pregnancy was planned, whether they used any fertility medications to con-
ceive that pregnancy, and the number of months it took to get pregnant if the
pregnancy was planned. To identify women who never succeeded in becom-
ing pregnant, we also asked: ‘Have you ever tried for 12 or more months
to become pregnant without success?’ and, if yes, ‘How old were you at
that time?’

Assessment of maternal anthropometric
factors
In 1995, BWHS participants reported their height (feet and inches), current
weight (pounds), weight at age 18 (pounds), waist circumference (inches) at
the level of the umbilicus and hip circumference (inches) at its widest location.
Current weight was updated every two years. Waist and hip circumferences
were updated in 2005. Because taller women tend to have larger waist cir-
cumferences, we created a measure of height-adjusted waist circumference
by regressing waist on height and adding the residuals to the averagewaist size
for a woman of average height in our cohort (Giovannucci et al., 1996). We
used BMI (weight (kg) divided by height squared (m2)) to measure overall
obesity, waist circumference to estimate total abdominal fat and WHR to es-
timate the relative distribution of body fat (Giovannucci et al., 1995). In time-
varying analyses, BMI data were taken from the questionnaire preceding the
calendar year on which a woman reported a birth, unless the woman
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reported already being pregnant on that questionnaire, in which case data
were taken from an earlier questionnaire.

Validation of anthropometric measures
In a validation study conducted in 2001 among 115 BWHS participants
from the Washington, D.C. area (Carter-Nolan et al., 2006), the Spearman
correlations between self-reported and technician-measured weight,
height, waist circumference and hip circumference were 0.97 (P , 0.001),
0.93 (P , 0.001), 0.75 (P , 0.001) and 0.74 (P , 0.001), respectively
(Wise et al., 2005).

Assessment of covariates
Data on age at pregnancy attempt, gravidity (number of pregnancies), parity
(number of births), smoking (cigarettes per day), alcohol consumption
(drinks per week), physician-diagnosed polycystic ovary syndrome
(PCOS), physical activity (vigorous and moderate) and state of residence
were obtained from the baseline and follow-up questionnaires. Information
on education was elicited in 1995, and household income was ascertained in
2003. We estimated total metabolic equivalents (METs) per week by
summing the METs from moderate physical activity (hours per week multi-
plied by 3.5) and vigorous exercise (hours per week multiplied by 7.0)
(Jacobs et al., 1993).

Exclusions
Of the 16 462 BWHS participants who completed the 2011 web-based
questionnaire, we excluded women based on the following criteria: age
.40 in 1995 (n ¼ 5599), menopausal in 1995 (n ¼ 425), history of infertility
prior to 1995 (n ¼ 1259), currently pregnant in 1995 (n ¼ 253) or missing/
implausible BMI in 1995 (n ¼ 74). These remaining 8852 women contributed
10 420 births. We then excluded unplanned births (n ¼ 6106), births con-
ceived after the women became .40 years (n ¼ 151), births conceived
before 1995 (n ¼ 1943), births with missing data on TTP (n ¼ 69) and
births with TTP , 12 that resulted from fertility treatment (n ¼ 102).
Twenty-seven multiple gestations were recorded only once in the analysis
(because we considered them a single pregnancy experience). This left
2022 births contributed by 1480 women; to this group, we added pregnancy
attempts from217 nulliparous women who reported having tried to conceive
for ≥12 months without success. Thus, there were 2239 planned pregnancy
attempts reported by 1697 women during 1995–2011, resulting in 2022
births; 83% (1853/2239) of conceptions occurred within 12 months.

Planned pregnancies comprised 43% of the reported pregnancies on the
web-based questionnaire. Pregnancies were more likely to be planned if
the respondent was older at index conception (mean: 34.1 years for
planned versus 32.8 years for unplanned), older at first birth (mean: 23.8
versus 22.7 years) and nulliparous (55% versus 38%). However, after
accounting for age, minor differences were found in education (mean: 15.7
versus 15.2 years), BMI in 1995 (mean: 25.0 versus 25.6 kg/m2), BMI at
time of pregnancy attempt (mean: 26.7 versus 27.5 kg/m2), waist circumfer-
ence (mean: 29.7 versus 30.4 inches), WHR (mean: 0.77 versus 0.78) and
current smoking (5 versus 7%).

Data analysis
We assessed the relation between self-reported body size and TTP using an-
thropometric variables that were updated over time. BMI categories were
based on World Health Organization standards (WHO, 1995) with
obesity defined as BMI ≥30 kg/m2. Waist circumference and WHR were
categorized into quintiles. We used proportional probabilities regression
models to derive fecundability ratios (FRs) and 95% CI (Weinberg et al.,
1994), using a generalized estimating equations procedure in SAS (PROC
GENMOD, link ¼ log, dist ¼ bin), with an unstructured correlation

structure, to account for multiple pregnancies per woman (SAS, 2008).
The FR represents the cycle-specific probability of conception among the
exposed divided by that among the unexposed. TTP was censored after
12 months if the woman had not conceived within 12 months, or the
woman was nulliparous after having tried ≥12 months to conceive without
success.

Multivariable models were adjusted for known or suspected confounders
of the association between body size and infertility, including age atpregnancy
attempt (,25, 25–29, 30–34 and ≥35), calendar year of pregnancy
attempt (1995–1999, 2000–2004 and ≥2005), years of education (≤12,
13–15, 16 and ≥17), household income in 2003 (,$50 001$–$100 000,
.$100 000), smoking history (current, formerand never), alcohol consump-
tion (none, ,1, 1–6 and ≥7 drinks/week), physical activity (,5, 5–9,
10–14, 15–19, 20–39 and ≥40 MET-hours/week) and geographic region
(Northeast, Midwest, West, South and Other). We conducted separate
models that further controlled for PCOS, a potential causal intermediate.
We conducted our primary analyses without controlling for parity but then
performed secondary analyses with control for parity (Weinberg, 1993).
BMI was positively correlated with waist circumference (r ¼ 0.70,
P,0.001) and WHR (r ¼ 0.28, P , 0.001), and waist circumference and
WHR were positively correlated with each other (r ¼ 0.58, P , 0.001).
To assess the independent contribution of overall and central adiposity, we
constructed models that included both types of anthropometric variables
simultaneously.

We assessed the association of body size with fecundability within strata of
parity, age and WHR. Formal tests for interaction were conducted using the
likelihood ratio test comparing models with and without cross-product terms
between each exposure variable and the effect modifier. Tests for trend were
performed by inserting the ordinal categorical variable into the regression
model and calculating the associated Wald test statistic. All the analyses
were conducted using SAS version 9.2 (SAS, 2008).

Results
BMI at baseline was positively associated with age at baseline, waist cir-
cumference, PCOS, current and former smoking, and residence in the
South and inversely associated with year of pregnancy attempt, age at
menarche, physical activity, alcohol consumption, educational attain-
ment, income .$100 000 (in 2003) and residence in the West
(Table I). Patterns were similar for WHR, with the exception of year of
pregnancy attempt (positive association), age at menarche (no associ-
ation), former smoking (no association) and alcohol consumption (no as-
sociation). Waist circumference was similar to WHR in its relation to the
baseline characteristics (data not shown).

From 1995 through 2011, there were 2239 planned pregnancy
attempts reported by 1697 women resulting in 2022 births; 83%
(1853/2239) of attempted pregnancies occurred within 12 months
(Figure 1). There was evidence of digit preference in the reporting of
TTP at 6 and 12 months. The three percent of women who reported
a TTP ¼ 0 were re-assigned to TTP ¼ 1 because we assumed that
they had conceived within their first cycle of trying (Joffe et al., 2005); sen-
sitivity analyses in which thesewomen remainedcoded as TTP ¼ 0 made
little difference in the effect estimates, as did using different cut points for
censoring, including 10 and 14 months (data not shown).

Relative to BMI 18.5–24.9 (normal weight), FRs for BMI categories
of , 18.5, 25.0–29.9, 30.0–34.9 and ≥35.0 were 0.92 (95%
CI: 0.64–1.32), 0.93 (95% CI: 0.84–1.03), 0.92 (95% CI: 0.79–1.06)
and 0.73 (95% CI: 0.61–0.87), respectively (Table II). After controlling
for BMI, fecundability was lower among women with large waist
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Table I Characteristics of participants (pregnancies) by body mass index and waist-to-hip ratio at baseline, Black Women’s Health Study, 1995–2011.

Characteristic Body mass index in 1995 Waist-to-hip ratio in 1995

<18.5
(n 5 76)

18.5–24
(n 5 1322)

25–29
(n 5 523)

30–34
(n 5 189)

≥35
(n 5 123)

<0.71
(n 5 420)

0.71–0.74
(n 5 384)

0.75–0.77
(n 5 369)

0.78–0.84
(n 5 404)

≥0.85
(n 5 318)

Age at baseline (years),
mean

25.8 26.7 27.6 27.3 27.3 26.8 27.7 27.0 27.2 26.4

Age at pregnancy attempt
(years), mean

34.7 34.0 34.0 33.7 34.3 33.8 34.5 34.0 33.9 33.9

Year of pregnancy
attempt: 1995–99, %

22 35 46 43 42 36 42 39 41 34

Year of pregnancy
attempt: 2000–04, %

41 41 34 36 35 42 38 37 37 37

Year of pregnancy
attempt: 2005–11, %

37 25 20 21 23 22 20 24 22 29

Parous at time of
attempt, %

45 46 46 45 44 44 45 45 47 46

Current smoker, % 4 4 5 6 10 2 5 5 5 4

Former smoker, % 5 6 9 6 17 6 8 6 9 6

≥7 drinks/week, % 5 3 3 3 1 3 3 2 2 3

Waist circumference
(inches), mean

25.2 27.7 32.0 34.6 39.2 26.7 27.9 29.4 31.3 34.3

Waist to hip ratio, mean 0.7 0.8 0.8 0.8 0.8 0.7 0.7 0.8 0.8 0.9

BMI (kg/m2), mean 17.9 22.0 27.1 32.1 40.4 23.8 23.4 24.1 25.6 27.6

Polycystic ovary
syndrome, %

3 2 2 3 5 1 2 3 2 4

Age at menarche (years),
mean

12.8 12.4 12.1 11.6 11.8 12.2 12.3 12.1 12.2 12.3

Education (years), mean 15.8 15.8 15.7 15.6 15.4 15.8 15.8 15.9 15.7 15.5

Northeast, % 33 28 32 25 35 29 27 26 28 33

West, % 14 19 14 13 8 18 22 17 12 14

Midwest, % 26 18 21 20 22 21 17 19 22 16

South, % 27 35 33 43 35 32 35 38 38 37

Total MET-hours/week,
mean

25 28 28 24 21 30 29 26 22 26

Income in 2003:
≤$50 000, %

32 14 19 16 33 14 17 14 14 24

Income in 2003: $50 001–
$100 000, %

30 41 45 47 39 39 39 42 48 42

Income in 2003:
.$100 000, %

35 36 27 25 23 38 37 32 27 26

Characteristics were ascertained at baseline (1995) unless otherwise noted. Means or percentages are standardized to the age distribution of cohort in 1995 (with the exception of age). Percentages do not sum to 100% for variables with missing data.
Participants are included more than once if they had several births during 1995–2011. There were 344 (15%) missing values for waist-to-hip ratio in 1995. MET, metabolic equivalents.
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circumferences (≥33 versus ,26 inches: FR ¼ 0.73, 95% CI: 0.60–
0.88; P-trend ¼ 0.008) and women with high WHR (≥0.85 versus
,0.71: FR ¼ 0.83, 95% CI: 0.71–0.97; P-trend ¼ 0.104).

Analyses that jointly stratified the data according to BMI and WHR did
not reveal any evidence of effect modification (P-interaction ¼ 0.180;
data not shown). There were no appreciable differences in results
across age at conception (,35 versus ≥35 years; P-interaction ¼
0.499). FRs for waist circumference and WHR were also relatively
uniform across strata of age (waist: P-interaction ¼ 0.953, WHR:
P-interaction ¼ 0.285).

Results for BMI were somewhat stronger among nulliparous than
parous women (Table III). For the comparison of BMI ≥35.0 versus
18.5–24.9, the FRs were 0.63 among nulliparous women and 0.79
among parous women (P-interaction ¼ 0.003). FRs for waist circumfer-
ence and WHR were relatively uniform across strata of parity (waist:
P-interaction ¼ 0.116, WHR: P-interaction ¼ 0.650). Control for
parity slightly attenuated the effect estimates for BMI (≥35.0 versus
18.5–24.9: FR ¼ 0.74, 95% CI: 0.62–0.87) but strengthened the
effect estimates for waist circumference (≥33 versus ,26 inches:
FR ¼ 0.72, 95% CI: 0.60–0.86) and WHR (≥0.85 versus ,0.71:
FR ¼ 0.78, 95% CI: 0.67–0.91). Although PCOS wasstrongly associated
with fecundability (FR ¼ 0.52, 95% CI: 0.37–0.73), control for PCOS
had minimal impact on the associations (BMI ≥35.0 versus 18.5–24.9:
FR ¼ 0.74, 95% CI: 0.62–0.89; waist ≥33 versus ,26 inches: FR ¼
0.72, 95% CI: 0.60–0.87; and WHR ≥0.85 versus ,0.71: FR ¼ 0.84,
95% CI: 0.72–0.98).

Spearman correlations were 0.47 between the first and second TTP
(n ¼ 477 births), 0.40 between the first and third TTP (n ¼ 59) and
0.65 between the second and third TTP (n ¼ 59), all with P-values of
,0.001. Associations were similar when analyses were confined to
the first pregnancy attempt contributed by each woman (BMI ≥35.0
versus 18.5–24.9: FR ¼ 0.70; waist ≥33 versus ,26 inches: FR ¼
0.76; and WHR ≥0.85 versus ,0.71: FR ¼ 0.84) and the most recent
pregnancy attempt (BMI ≥35.0 versus 18.5–24.9: FR ¼ 0.79; waist
≥33 versus ,26 inches: FR ¼ 0.72; and WHR ≥0.85 versus ,0.71:
FR ¼ 0.88). After excluding the nulliparous women who tried to

conceive for ≥12 months without success, BMI and waist circumference
associations with fecundability were attenuated (FRs for BMI categories
of ,18.5, 25.0–29.9, 30.0–34.9 and ≥35.0 versus 18.5–24.9 were
0.97, 0.95, 0.92 and 0.81, respectively; waist ≥33 versus ,26 inches:
FR ¼ 0.77), but there was little change in the WHR association
(≥0.85 versus ,0.71: FR ¼ 0.81). After excluding women using
fertility treatments to conceive (67 births; TTP range: 12–108
months), results were not appreciably different (BMI ≥35.0 versus
18.5–24.9: FR ¼ 0.74; waist ≥33 versus ,26 inches: FR ¼ 0.76; and
WHR ≥0.85 versus ,0.71: FR ¼ 0.87). Finally, baseline (1995) analyses
showed similar results to the updated analyses for all anthropometric
variables (data not shown).

Discussion
In the present study of US black women, women who were very obese
experienced delayed conception relative to normal weight women. Inde-
pendent of BMI, women with larger waist circumferences (≥33 inches)
and greater WHRs (≥0.85) also experienced reduced fecundability.
Results were similar across strata of age and parity, with the exception
of BMI for which results were somewhat stronger among nulliparous
women. We found little evidence of an association between under-
weight and TTP.

Previous studies of anthropometric factors and fertility have largely
been based on white women. Our results for BMI agree with that of pre-
vious studies in white women that have shown reduced fertility in over-
weight and obese women (Zaadstra et al., 1993; Jensen et al., 1999;
Bolumar et al., 2000; Diamanti-Kandarakis and Bergiele, 2001; Hassan
and Killick, 2004; Gesink Law et al., 2007; Ramlau-Hansen et al., 2007;
Nohr et al., 2009; Wise et al., 2010), but not with those that found an
inverse association among underweight women (Zaadstra et al., 1993;
Bolumar et al., 2000; Hassan and Killick, 2004; Gesink Law et al., 2007)
or the sole study that found the BMI–fertility association varied
by parity status (Wise et al., 2010).

Our results for central adiposity are consistent with some (Zaadstra
et al., 1993; Wass et al., 1997) but not all (Wise et al., 2010) previous
studies on this topic. In a prospective study of women attending a
donor insemination clinic, a 0.1-unit increase in WHR was associated
with a 30% decrease in the probability of conception per cycle
(FR ¼ 0.71; 95% CI ¼ 0.56–0.89) after adjustment for covariates
(Zaadstra et al., 1993). A cross-sectional study based on an IVF popula-
tion found that a WHR ≥0.80, independent of BMI, was associated with
a reduced rate of IVF embryo transfer (Wass et al., 1997). In contrast, a
Danish population-based prospective cohort study found no overall as-
sociation of waist circumference or WHR with fecundability (Wise et al.,
2010). Thus, the BWHS provides the first evidence from a population-
based study of an association between central obesity and reduced
fecundability.

BMI is a good measure of overall obesity in reproductive-aged women,
being strongly correlated with percent body fat (r ¼ 0.84) among
women aged 20–39 (Flegal et al., 2009). In the present study, anthropo-
metric and covariate data were reported prospectively, before the oc-
currence of pregnancy, thereby reducing potential for differential
exposure misclassification. Repeated measurements of anthropometric
factors permitted the updating of exposures over time, which showed
nearly identical results to analyses using baseline measurements only.
A validation study in our cohort indicated high accuracy of self-reported

Figure 1 Distribution of reported time-to-pregnancy (months) in the
Black Women’s Health Study.
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height, weight and waist circumference (Wise et al., 2005). However,
because heavier women tend to underreport their weight, FRs for the
highest BMI categories may be attenuated.

TTP is easily obtained by self-administered questionnaire and recall
has been shown to be adequate (Joffe et al., 2005; Cooney et al.,
2009), although accuracy declines over time, with only 70% of women
reporting their TTP within +3 months after 10 years (Cooney et al.,
2009). We were unable to validate reported TTP, and there was some
evidence of digit preference in the reporting of TTP. Considering that
TTP was reported retrospectively, up to a decade after the occurrence
of the conception, misclassification of TTP is likely and we cannot rule out
the possibility that error was differential with respect to anthropometric
factors (e.g. if obese women experienced irregular menses, inaccuracies
in their reporting of TTP could have caused overestimation of the FRs).

Retrospective TTP studies are typically confined to women who
achieve pregnancy. However, the present study incorporated pregnancy
attempts from nulliparous women who tried to conceive for ≥12
months without success. Associations with BMI in the present study
were somewhat weaker after the exclusion of these women, indicating
that previous studies may have underestimated FRs by not including
women along the full spectrum of fertility. Because our analysis did not
capture nulliparous women who tried for ,12 months to conceive,
there was potential for bias due to differential persistence in trying
(Basso et al., 2000).

TTP is highly correlated across pregnancy attempts (Basso et al., 1997;
Basso, 2007; Ferrari et al., 2007; McLain et al., 2011). Many retrospective

TTP studies have included only the first or most recent pregnancy (due to
improved recall of TTP), but these studies make the inherent assumption
that a single pregnancy is representative of all pregnancies from each
woman. Methods for appropriately analyzing more than one pregnancy
per woman—e.g. the discrete-time Cox frailty model—have been devel-
oped to avoid the important assumptions when restricting to a single
pregnancy (Keiding et al., 1997; Scheike and Jensen, 1997; Ecochard
and Clayton, 2000). Unfortunately, none of these methods permit the
direct estimation of the FR, the parameter of interest in this study.
Thus, we used proportional probabilities regression models with a gen-
eralized estimating equations procedure to incorporate all pregnancies
reported by each woman while accounting for within-woman correlation
of TTP (Joffe et al., 2005). Results were similar when confined to the first
or most recent pregnancy attempt per woman, indicating that the
amount of bias due to inadequately controlled correlation of TTPs was
not as large as the bias due to overestimation of the FR from using a
discrete-time Cox frailty model.

Whether to control for parity in analyses of fecundability is controver-
sial (Weinberg, 1993; Howards et al., 2012). NHANES found that
women tended to gain body fat with succeeding pregnancies and that in-
creasing parity was associated with a decrease in hip and thigh circumfer-
ences, and an increase in waist circumference, independent of age and
BMI (Lassek and Gaulin, 2006). Thus, childbearing promotes greater
storage of fat in central versus peripheral depots, resulting in a relative
increase in upper-body fat. Most previous studies on body size and fer-
tility have controlled for parity, but adjusting for parity may represent

............................. ............................. .............................
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Table II Anthropometric measures and time-to-pregnancy in the Black Women’s Health Study, 1995–2011.

Pregnancies cycles Age-adjusted model Multivariable
modela

Multivariable
modelb

FR 95% CI FR 95% CI FR 95% CI

BMI, kg/m2

,18.5 29 150 0.94 0.65–1.34 0.94 0.66–1.34 0.92 0.64–1.32

18.5–24 957 4821 1.00 (ref.) 1.00 (ref.) 1.00 (ref.)

25–29 515 3206 0.88 0.80–0.98 0.91 0.83–1.00 0.93 0.84–1.03

30–34 219 1416 0.85 0.74–0.98 0.89 0.77–1.03 0.92 0.79–1.06

≥35 133 1163 0.67 0.56–0.79 0.71 0.59–0.84 0.73 0.61–0.87

Waist circumference, inches

,26 273 1270 1.00 (ref.) 1.00 (ref.) 1.00 (ref.)

26–27 357 1773 0.97 0.84–1.12 0.95 0.82–1.10 0.95 0.82–1.10

28–29 360 1957 0.92 0.79–1.06 0.90 0.77–1.04 0.90 0.78–1.04

30–32 312 1834 0.86 0.74–1.01 0.89 0.76–1.04 0.91 0.77–1.07

≥33 336 2737 0.66 0.57–0.77 0.68 0.58–0.80 0.73 0.60–0.88

Waist-to-hip ratio

,0.71 340 1799 1.00 (ref.) 1.00 (ref.) 1.00 (ref.)

0.71–0.74 305 1717 0.97 0.83–1.12 0.96 0.83–1.11 0.96 0.83–1.11

0.75–0.77 319 1616 1.02 0.88–1.18 1.02 0.88–1.18 1.03 0.89–1.19

0.78–0.84 371 2244 0.91 0.79–1.04 0.93 0.81–1.07 0.95 0.82–1.10

≥0.85 261 1962 0.75 0.64–0.87 0.78 0.67–0.91 0.83 0.71–0.97

Waist circumference is adjusted for height.
FR, fecundability ratio; CI, confidence interval.
aAdjusted for cycle number, age, calendar year of birth, smoking history, alcohol intake, physical activity, education, household income and geographic region.
bAdjusted for all variables in footnote a, plus waist-to-hip ratio (in models for BMI) and BMI (in models for waist-to-hip ratio and waist circumference).
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over-adjustment: factors that affect the pregnancy under study may have
had similar effects on previous pregnancy attempts (Weinberg, 1993)
and parity can be thought of as a marker of underlying fecundability.
Nonetheless, results of our analyses with and without control of parity
were similar.

We did not collect data on several important determinants of TTP
(e.g. timing of intercourse during the fertile period, age of male
partner, partner BMI, change in partner, or persistence in trying) and dif-
ferences in these factors by exposure may have introduced confounding.
We also were unable to capture women who may have tried for less than
12 months to conceive without success and never had a birth. However,
control for maternal age and education, which are highly correlated with
TTP determinants such as paternal age (Ruder, 1985) and persistence in
trying (Basso et al., 2000), should reduce the extent of confounding.
Because the BMIs of female and male partners are positively correlated
and some (Sallmen et al., 2006; Nguyen et al., 2007; Ramlau-Hansen
et al., 2007) but not all (Magnusdottir et al., 2005; Wise et al., 2010)
studies show an inverse association between male BMI and fecundability,
lack of control for male BMI in the present study may have overestimated
the association between female BMI and fecundability.

The BWHS is a convenience sample of US black women. The percent-
age of women who conceived within one year (83%) fell within the range
of percentages found in studies of white women (range: 70–92%)

(Zinaman et al., 1996; Gnoth et al., 2003; Wise et al., 2010). The few
studies that provided data on black women did not directly compute cu-
mulative pregnancy rates (Wellons et al., 2008; Butts and Seifer, 2010;
Kelly-Weeder, 2010).

Given that up to 22% of early pregnancies are lost before clinical de-
tection (Wilcox et al., 1988), we acknowledge that our findings may
apply only to clinically recognized pregnancy. In addition, the analysis
was confined to planned pregnancies. Although we found little difference
in body size and other measured characteristics between pregnancy
planners and non-planners, if pregnancy intention was related jointly to
body size and fertility, our results could be biased.

Selection bias from internet participation is unlikely given that
completion of the web-based 2011 questionnaire was unrelated to an-
thropometric factors. Although there were differences in the age demo-
graphics of women who completed the questionnaire online, we did not
observe any effect modification of our associations by age.

The association of excess body fat with reduced fecundability has bio-
logic plausibility. Obesity may affect fertility via anovulation (Grodstein
et al., 1994; Rich-Edwards et al., 1994; Rich-Edwards et al., 2002) and
alterations in the pre-ovulatory follicular environment (Robker et al.,
2009). Obese women have abnormally high levels of fats and inflamma-
tion in the fluid surrounding their oocytes, which can adversely influence
oocyte development (Robker et al., 2009). Obesity is associated with

................................................................. .................................................................
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Table III Anthropometric measures and time-to-pregnancy by parity history in the Black Women’s Health Study,
1995–2011.

Nulliparous women Parous women P-value, test for
interaction

Pregnancies cycles Multivariable
modela

Pregnancies cycles Multivariable
modela

FR 95% CI FR 95% CI

BMI, kg/m2

,18.5 11 39 0.91 0.62–1.32 18 111 0.85 0.64–1.83 0.003

18.5–24 465 1607 1.00 (ref.) 492 3214 1.00 (ref.)

25–29 279 1029 0.84 0.73–0.97 236 2177 0.99 0.87–1.13

30–34 127 466 0.76 0.61–0.94 92 950 0.99 0.83–1.17

≥35 75 364 0.63 0.48–0.81 58 799 0.79 0.63–0.99

Waist circumference, inches

,26 133 735 1.00 (ref.) 181 1345 1.00 (ref.) 0.116

26–27 179 605 1.01 0.83–1.24 150 1111 0.80 0.67–0.96

28–29 177 682 0.98 0.81–1.20 153 1067 0.71 0.58–0.86

30–32 171 616 0.94 0.75–1.18 183 1532 0.75 0.61–0.93

≥33 179 816 0.71 0.55–0.91 112 1308 0.66 0.52–0.83

Waist-to-hip ratio

,0.71 159 454 1.00 (ref.) 140 895 1.00 (ref.) 0.650

0.71–0.74 155 606 1.03 0.85–1.25 178 1168 0.73 0.60–0.89

0.75–0.77 166 549 1.02 0.83–1.25 183 1275 0.83 0.70–0.99

0.78–0.84 188 712 0.98 0.81–1.19 141 1218 0.78 0.64–0.95

≥0.85 149 654 0.82 0.66–1.03 157 1921 0.69 0.57–0.83

Waist circumference is adjusted for height.
FR, fecundability ratio; CI, confidence interval.
aAdjusted for cycle number, age, calendar year of birth, smoking history, alcohol intake, physical activity, education, household income and geographic region, plus baseline BMI (in models
for waist-to-hip ratio and waist circumference) and waist-to-hip ratio (in models for BMI).
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increasing follicular fluid levels of insulin, lactate, triglycerides and
C-reactive protein and decreasing levels of sex hormone-binding globu-
lin, and obesity-related differences in insulin-regulated genes in granulosa
cells have also been found (Robker et al., 2009).

The relation of obesity to infertility is especially relevant to US black
women because they are disproportionately affected by both conditions
(Ogden et al., 2006; Kim et al., 2007; Wellons et al., 2008; Kelly-Weeder,
2010). Our data suggest that both overall and central adiposity contrib-
ute to delayed conception in black women. Reductions in obesity may
offer the potential to improve fertility outcomes.
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