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background: Recent studies have shown that both female and male obesity may delay time-to-pregnancy (TTP). Little is known about
central adiposity or weight gain and fecundability in women.

methods: We examined the association between anthropometric factors and TTP among 1651 Danish women participating in an inter-
net-based prospective cohort study of pregnancy planners (2007–2008). We categorized body mass index (BMI ¼ kg/m2) as underweight
(,20), normal weight (20–24), overweight (25–29), obese (30–34) and very obese (�35). We used discrete-time Cox regression to esti-
mate fecundability ratios (FRs) and 95% confidence intervals (CI), controlling for potential confounders.

results: We found longer TTPs for overweight (FR ¼ 0.83, 95% CI ¼ 0.70–1.00), obese (FR ¼ 0.75, 95% CI ¼ 0.58–0.97), and very
obese (FR ¼ 0.61, 95% CI ¼ 0.42–0.88) women, compared with normal weight women. After further control for waist circumference, FRs
for overweight, obese, and very obese women were 0.72 (95% CI ¼ 0.58–0.90), 0.60 (95% CI ¼ 0.42–0.85) and 0.48 (95% CI ¼ 0.31–
0.74), respectively. Underweight was associated with reduced fecundability among nulliparous women (FR ¼ 0.82, 95% CI ¼ 0.63–1.06) and
increased fecundability among parous women (FR ¼ 1.61, 95% CI ¼ 1.08–2.39). Male BMI was not materially associated with TTP after
control for female BMI. Compared with women who maintained a stable weight since age 17 (25 to 4 kg), women who gained �15 kg
had longer TTPs (FR ¼ 0.72, 95% CI ¼ 0.59–0.88) after adjustment for BMI at age 17. Associations of waist circumference and waist-to-
hip ratio with TTP depended on adjustment for female BMI: null associations were observed before adjustment for BMI and weakly positive
associations were observed after adjustment for BMI.

conclusions: Our results confirm previous studies showing reduced fertility in overweight and obese women. The association
between underweight and fecundability varied by parity.
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Introduction
The prevalence of obesity is increasing rapidly in Denmark and more
individuals of childbearing age are becoming overweight and obese
(Due et al., 2007). Body mass index (BMI), a measure of absolute
body fat, has been associated with delayed fecundability 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). Specifically, fecundability was found
in some studies to be lower among women at the extremes of BMI
(Zaadstra et al., 1993; Bolumar et al., 2000; Hassan and Killick,
2004; Gesink Law et al., 2007). Underweight may adversely affect fer-
tility through increased FSH levels (Cramer et al., 1994), secondary

amenorrhea (Frisch, 1987), and shortened luteal phase (Frisch,
1987), whereas overweight may affect fertility through anovulation
(Grodstein et al., 1994; Rich-Edwards et al., 1994, 2002) and bio-
chemical alterations in the pre-ovulatory follicular environment
(Robker et al., 2009). In addition, both underweight and overweight
are associated with lower follicular-phase estradiol levels (Ziomkiewicz
et al., 2008).

Few studies have assessed the influence of central adiposity or body
fat distribution on female fertility. Independent of BMI, central adi-
posity is associated with altered estrogen metabolism (Kirschner
et al., 1990), insulin resistance and 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), all
of which may negatively influence fertility (Nestler 1997a, b; Robker
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et al., 2009). One study reported an inverse association between
waist-to-hip ratio (WHR) and the probability of conception per
cycle (Zaadstra et al., 1993), and another study found that a WHR
�0.80 impaired the pregnancy rate of IVF embryo transfer (Wass
et al., 1997).

More recently, male obesity has been linked with subfecundity
(Sallmén et al., 2006; Nguyen et al., 2007; Ramlau-Hansen et al.,
2007), decreased testosterone and inhibin B levels (Jensen et al.,
2004; Aggerholm et al., 2008) and reduced semen quality in some
(Jensen et al., 2004; Chavarro et al., 2009) but not all studies (Magnus-
dottir et al., 2005; Aggerholm et al., 2008).

To clarify the role of body size and body fat distribution on fertility,
we examined these associations among women enrolled in an
internet-based prospective cohort study of time-to-pregnancy (TTP)
in Denmark. We assessed associations of both female and male BMI
with fecundability, as well as associations of female weight gain in
adulthood, perceived body fat distribution, and central adiposity—
measured by waist circumference and WHR—with fecundability.

Materials and Methods

Study population
The ‘Snart-Gravid’ (‘Soon Pregnant’) Study is an internet-based prospec-
tive cohort study of pregnancy planners in Denmark. The study method-
ology has been described in detail elsewhere (Mikkelsen et al., 2008;
Rothman et al., 2009). Briefly, participant recruitment began in June
2007 after an advertisement was placed on a popular Danish
health-related website (www.netdoktor.dk). Recruitment was enhanced
by a coordinated media strategy that included a press release, which
received attention from radio, print media, online news sites and televi-
sion. Enrolment and primary exposure data collection were conducted
via self-administered questionnaire on the study website (www
.snart-gravid.dk). Contact with participants was maintained by e-mail and
the study website.

Before enrolment, potential participants were required to read a
consent form and complete an online screening questionnaire to
confirm eligibility. Eligible women were aged 18–40 years, residents of
Denmark, in a stable relationship with a male partner, who had been
attempting to conceive for no more than 12 months, and not using any
type of fertility treatment. Women who were planning to discontinue con-
traception within the next 6 months to attempt pregnancy were asked to
provide their e-mail address for later recruitment. Participants were also
required to provide their Civil Personal Registration (CPR) number—a
unique 10-digit personal identification number assigned to each Danish
resident by the Central Office of Civil Registration—and a valid e-mail
address.

The baseline questionnaire collected information on demographics,
reproductive and medical history, and lifestyle and behavioral factors. Par-
ticipants were randomized to receive either a short- or a long-form base-
line questionnaire, with some questions being asked of only 50% of the
cohort. Completion rates and missing data were similar for both versions
(Rothman et al., 2009). The follow-up questionnaires assessed changes in
various exposures, frequency and timing of intercourse, and whether preg-
nancy occurred. Women who conceived were asked to complete one
questionnaire during early pregnancy to assess changes in exposures,
after which active follow-up ceased. Participants were contacted every
2 months by e-mail for 12 months or until conception occurred. Cohort
retention after 12 months of follow-up was �82%.

Assessment of anthropometric measures
Current height (cm) and body weight (kg) of women and men were
self-reported by the female respondent on the baseline questionnaire.
In addition, women reported their weight at age 17 years (kg) and
were asked ‘When you gain weight, where on your body do you
mainly add the weight?’ with the following response categories: ‘don’t
gain weight’, ‘around the chest and shoulders’, ‘around the waist and
stomach’, ‘around the hips and thighs’ or ‘equally all over’. On the
long form questionnaire (50% of cohort), women reported their waist
circumference (cm) at the level of the umbilicus and hip circumference
(cm) at its widest location. These women were asked if they had used
a measuring tape to make these measurements (yes versus no). We
used BMI [weight (kg) divided by height squared (m2)] to measure
overall obesity, WHR to measure relative distribution of fat, and
waist circumference to estimate total abdominal fat (Giovannucci
et al., 1996). Although WHR is used more widely in the literature,
waist circumference provides an estimate of absolute abdominal adi-
posity, the component most correlated with metabolic abnormalities
such as hyperinsulinemia. Because taller women tend to have larger
waist circumferences, we created a measure of height-adjusted waist
circumference by regressing waist on height and adding the residuals
to the average waist size for a woman of average height in our
cohort (Giovannucci et al., 1996).

Assessment of pregnancy and cycles at risk
On each follow-up questionnaire, women were asked about the date of
their last menstrual period (LMP), whether they were currently pregnant,
and whether they had experienced any other pregnancy outcomes since
the date of their last questionnaire, including miscarriage, induced abortion
or ectopic pregnancy. Women who experienced pregnancy loss were
asked how long the pregnancy lasted (in weeks). Our study event of inter-
est was the first report of pregnancy on a follow-up questionnaire, regard-
less of pregnancy outcome.

Total menstrual cycles at risk were calculated using data from the
screening questionnaire (‘For how many months have you been trying to
get pregnant?’), the baseline questionnaire (‘What is your usual cycle
length?,’ which we defined as ‘the number of days from the first day of
one menstrual period to the first day of the next menstrual period’),
and the follow-up questionnaire (‘What was the first day of your last men-
strual period?’). Women with a range of cycle lengths were asked to
provide the midpoint of the range. The following formula was used to cal-
culate total cycles at risk: (months of trying at study entry/cycle length) þ
(((LMP date from most recent follow-up questionnaire 2 date of baseline
questionnaire completion)/cycle length) þ 1), with observed cycles at risk
defined as those that were contributed after study entry. We added one
cycle to the formula to account for the fact that most women were prob-
ably not in the early follicular phase of their cycle when they completed the
baseline questionnaire. For women with irregular cycles (24%), we esti-
mated cycle length using their actual LMP data from follow-up
questionnaires.

Assessment of covariates
Data on participant’s age, partner’s age, age at menarche, parity, smoking
history, current alcohol intake, physician-diagnosed hypertension, men-
strual cycle length, cycle regularity, physical activity and frequency of inter-
course were self-reported on the baseline questionnaire. We estimated
total metabolic equivalents (METs) per week by summing the METs
from moderate physical activity (hours per week multiplied by 3.5) and
vigorous exercise (hours per week multiplied by 7.0) (Jacobs et al., 1993).

254 Wise et al.

 at B
oston U

niversity on M
arch 13, 2013

http://hum
rep.oxfordjournals.org/

D
ow

nloaded from
 

http://humrep.oxfordjournals.org/


Validation of anthropometric measures
Using the CPR number, we linked our data with the Danish Medical
Birth registry to validate self-reported anthropometric measures
(Kristensen et al., 1996; Knudsen and Olsen, 1998). We retrieved
data on measured weight and height from the first prenatal visit for
856 cohort members who delivered a live birth resulting from a con-
ception in our study. Self-reported versus registry-supplied means
were similar for weight (68.3 versus 68.9 kg) and height (169.0
versus 168.7 cm). The Pearson correlation coefficients for self-reported
versus registry-supplied height, weight and BMI were all 0.96. When we
compared women with TTP ,6 versus �6 cycles, correlations were
similar for height (0.96 versus 0.98), weight (0.95 versus 0.97) and
BMI (0.95 versus 0.96).

Exclusions
After 6 months of recruitment, 2368 women enrolled in the study. Of
these, we excluded 340 women who had been trying to conceive for
.6 cycles at study entry, 240 women who provided insufficient or
implausible information on their LMP date or date of first pregnancy
attempt, and 137 women who did not complete a follow-up survey.
After these exclusions, 1651 women remained in the cohort and
were included in the present analyses. The 241 women who were
lost to follow-up in our analysis (mean follow-up of 5.3 months) had
lower parity (27.0 versus 36.3%), higher BMI (mean ¼ 25.0 versus
24.0 kg/m2), heavier smoking history (mean ¼ 2.8 versus 1.9 pack-
years), and shorter length of time in a steady relationship (mean ¼
4.5 versus 5.2 years) than the 1410 women who were followed to a
study end-point. They were, however, similar in every other factor
assessed (e.g. mean age: 28.5 versus 28.7 years; mean partner age:
31.4 versus 31.0 years; mean cycle length: 28.5 versus 28.8 days; �5
years of higher education: 21.2 versus 24.7%; and mean alcohol con-
sumption: 3.5 versus 3.4 drinks/week).

Data analysis
We assessed the relation between anthropometric factors and charac-
teristics of the cohort at baseline. We divided female and male BMI
(kg/m2) into the following categories: underweight (,20), normal
weight (20–24), overweight (25–29), obese (30–34) and very obese
(�35). Weight change since age 17 years was categorized as follows:
,25, 25 to 4, 5–9, 10–14, �15 kg. Waist circumference and
WHR were categorized into quartiles. We examined the possibility of
a non-linear relation or threshold effect of each anthropometric variable
on fecundability by using restricted cubic splines (Durrleman and Simon,
1989; Li et al., 2003).

The fecundability ratio (FR) represents the cycle-specific probability of
conception among the exposed divided by that among the unexposed.
A FR below one indicates reduced fecundability among the exposed
relative to the unexposed. We used a discrete-time analogue of the
Cox proportional hazards model used to estimate FRs and 95% confi-
dence intervals (CIs) for anthropometric variables in relation to TTP in
cycles (Baird et al., 1986). The primary end-point of interest was any
pregnancy, regardless of pregnancy outcome. Couples that did not con-
ceive after 12 cycles were censored at 12 cycles, the typical amount of
time after which couples seek medical assistance for infertility (Baird
et al., 1986; Bonde et al., 2006). Participants who were lost to
follow-up (10%), who reported no longer trying to conceive (5%) or
who reported the initiation of fertility treatment (9%) were censored
at their date of last response.

To handle the problem of left truncation (i.e. women who entered the
study after having tried to conceive for one or more cycles), we based risk

sets only on observed cycles at risk. For example, if a woman had been
trying to conceive for five cycles before entering the study and then
reported a pregnancy after 10 cycles of attempt time, she would contrib-
ute only five cycles to the analysis starting at cycle 6 when she was first
observed in our study and at risk of pregnancy (cycles 6 through 10, not
cycles 1 through 5). In contrast, a woman who entered the study
without having any attempt time and who reported a pregnancy after
10 cycles of attempt time would contribute the full 10 cycles to the analy-
sis starting at cycle 1. Women contributed cycles at risk until they reached
a study end-point—pregnancy, use of fertility treatments, loss to
follow-up, or the end of observation (12 cycles), whichever occurred first.

We selected potential confounders from a list of variables that were
associated with exposure at baseline and that met criteria for confounding
based on a review of the literature and assessment of a causal graph
(Greenland and Rothman, 2008). We then controlled for potential con-
founders that changed the multivariable FR by more than 10% relative
to the unadjusted FR (Greenland and Rothman, 2008). On the basis of
these criteria, we controlled for female age (,25, 25–29, 30–34, �35
years), partner’s age (,25, 25–29, 30–34, 35–39, �40 years), menstrual
cycle length (,25, 25–26, 27–29, 30–31, 32–33, �34 days), irregular
cycles (yes versus no), frequency of intercourse (,1, 1, 2–3,
�4 times/week), parity (0, 1, �2 births), pack-years of smoking (never
smoked, ,5, 5–9, �10), current alcohol intake (drinks/week) and phys-
ical activity (,10, 10–19, 20–39, �40 METs/week). To assess the inde-
pendent contribution of overall and central adiposity, we constructed
additional models that simultaneously adjusted for BMI and waist circum-
ference. We used multiple imputation methods to impute missing covari-
ate values (Zhou et al., 2001).

Although most previous studies on body size and fertility have con-
trolled for parity (Zaadstra et al., 1993; Jensen et al., 1999; Bolumar
et al., 2000; Hassan and Killick, 2004; Ramlau-Hansen et al., 2007),
some epidemiologists argue that adjusting for parity results in over-
adjustment since factors that affect the pregnancy under study may have
had similar effects on previous pregnancy attempts (Weinberg, 1993). In
addition, if parity can be thought of as an effect of fecundability, then
control for parity would be another form of over-adjustment. To
address this concern, we conducted three sets of analyses: (i) one that
controlled for parity in multivariable models, (ii) one that stratified by
parity and (iii) one that omitted parity from multivariable models. One
rationale for parity stratification is that childbearing is associated with a
patterned change in body shape, specifically a decrease in hip and thigh cir-
cumferences, and an increase in waist circumference, resulting in a relative
decrease in lower-body fat (Lassek and Gaulin, 2006). Moreover, parity
stratification allows us to compare our results with previous studies
(Bolumar et al., 2000; Gesink Law et al., 2007).

In secondary analyses, we evaluated whether FR results were similar
when pregnancy losses were excluded from the outcome definition. In
these analyses, women with unsuccessful pregnancy attempts (e.g.
conception-free cycles leading up to a spontaneous miscarriage, induced
abortion or ectopic pregnancy) were censored at their TTP (Joffe et al.,
2005). In addition to parity, we stratified by participant smoking history
(ever versus never) and age at baseline (,25, 25–29, �30 years),
because studies have found stronger effects of BMI among smokers
(Bolumar et al., 2000) and younger women (Sneed et al., 2008). We
also stratified by cycle regularity (irregular versus regular cycles) and
cycles of attempt time before study entry (�2 versus 3–6), and examined
potential effect modification between female BMI and both WHR and
weight change since age 17. We assessed departure from the proportional
hazards assumption by plotting the log– log survivor functions for each
anthropometric variable in categorical form, where parallel log– log survi-
vor curves indicated proportional hazards. SAS statistical software (version
9.1) was used for all analyses (SAS Institute, 2004).
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Results
The mean age of cohort participants was 28.6 years (range: 18–40
years). After 6 and 12 cycles of pregnancy attempts, 51.8 and 69.6%
of cohort members reported a pregnancy, respectively. Baseline charac-
teristics of the study sample according to female BMI and waist circum-
ference are presented in Table I. Female BMI was positively associated
with male partner’s BMI, weight change since age 17, waist circumfer-
ence, WHR, parity, and having a mother who smoked during pregnancy,
and inversely associated with age at menarche, cycle irregularity, phys-
ical activity, hypertension, diabetes and frequency of intercourse. Waist
circumference was similar to BMI in its relation to the characteristics in
Table I, with the exception of pack-years of smoking, with which it had a
positive association. Pearson correlation coefficients were 0.78 for

female BMI versus waist circumference, 0.75 for female BMI versus
hip circumference, 0.27 for female BMI versus WHR and 0.30 for
female versus male BMI.

After adjustment for all covariates except waist circumference, FRs
associated with underweight, overweight, obese and very obese were
0.94 (95% CI ¼ 0.77–1.15), 0.83 (95% CI ¼ 0.70–1.00), 0.75 (95%
CI ¼ 0.58–0.97) and 0.61 (95% CI ¼ 0.42–0.88), respectively, com-
pared with normal weight women (Table II). After further control for
waist circumference, the associations of female overweight and obesity
with fecundability became stronger (Table II). Deletion of parity from
the multivariable model produced similar effect estimates for female
BMI: FRs for overweight, obese and very obese women were: 0.75
(95% CI ¼ 0.60–0.95), 0.68 (95% CI ¼ 0.47–0.99) and 0.51 (95%
CI ¼ 0.32–0.81), respectively. Results were also similar when we

......................................................... ..........................................................

.............................................................................................................................................................................................

Table I Baseline characteristics of 1651 women according to female BMI and height-adjusted waist circumferencea

Characteristic BMI (kg/m2) Waist circumference (cm)

<20 20–24 25–29 �30 <74 74–79 80–86 �87

No. of women 231 920 300 200 477 331 358 485

Age, years (mean) 28.2 28.8 28.6 28.3 28.2 28.7 28.9 28.9

Partner’s age, years (mean) 31.0 31.0 31.4 31.1 31.0 31.1 31.0 31.2

Age at menarche, years (mean) 13.4 13.1 12.7 12.5 13.3 13.0 12.9 12.7

Irregular cycles, yes (%) 32.7 24.2 21.7 20.0 29.2 27.0 22.9 18.8

Cycle length among regular cyclers, days (mean) 28.7 28.8 29.0 28.8 28.8 28.8 28.8 28.8

Height, cm (mean) 170.2 169.0 169.0 168.4 169.7 169.1 168.7 168.8

BMI, kg/m2 (mean) 19.0 22.3 26.9 34.5 20.9 22.3 23.8 29.0

BMI at age 17, kg/m2 (mean) 18.5 20.3 22.7 25.8 19.9 20.1 21.1 23.3

BMI of male partner, kg/m2 (mean) 24.1 24.9 25.8 27.5 24.3 25.3 25.0 26.4

Weight change since age 17, kg (mean) 1.4 5.7 12.1 24.8 3.1 6.3 7.9 16.2

Waist circumference, cm (mean) 70.7 78.4 88.2 102.7 69.0 77.2 83.4 97.3

WHR (mean) 0.79 0.81 0.84 0.87 0.74 0.81 0.83 0.89

Physical activity, MET h/week (mean) 25.3 26.5 22.4 18.2 26.7 26.7 25.7 20.4

Higher education �5 years 26.5 28.8 16.3 11.7 32.7 28.8 21.3 15.1

Parous, ever had live birth (%) 33.5 31.0 42.4 44.2 27.7 32.4 36.6 42.6

Pack-years of ever smoking (mean) 1.3 2.0 2.6 2.3 1.3 1.9 2.2 2.8

Mother smoked during pregnancy, yes (%) 26.9 32.1 41.4 47.3 29.4 31.7 36.9 41.2

Alcohol intake (current), drinks/week (mean) 3.4 3.6 3.1 2.8 4.0 3.1 3.3 3.1

Time in steady relationship, years (mean) 5.0 4.9 5.5 5.6 4.9 4.5 5.1 5.6

Frequency of intercourse, �4 times/week (%) 23.6 19.0 15.6 14.4 20.5 22.6 15.0 15.9

Last method of contraception used (%)

Barrier methods 26.7 26.5 32.0 31.2 24.6 26.2 30.5 31.2

Oral contraceptives 56.8 62.4 57.8 57.9 59.3 62.9 58.1 60.7

Other hormonal contraception 2.2 0.8 1.4 0.9 1.9 2.2 0.3 0.2

Withdrawal/rhythm/charting/other 14.4 10.3 8.8 10.0 14.3 8.7 11.1 7.9

Hypertension, yes (%) 1.8 4.4 6.5 8.2 3.2 5.9 3.5 6.7

Diabetes, yes (%) 0.0 0.2 1.0 2.8 0.0 0.0 0.4 1.7

Attempt time before study entry, cycles (%)

0–1 54.6 54.7 56.2 50.1 54.4 53.8 54.0 55.1

2–3 28.4 25.6 21.8 28.2 25.2 26.9 25.5 24.9

4–6 16.9 19.7 22.0 21.7 20.3 19.2 20.5 20.0

aCharacteristics are presented as means and proportions within categories of each anthropometric variable and are age-standardized to cohort at baseline.
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additionally adjusted for weight gain since age 17, with FRs for over-
weight, obese and very obese women being 0.77 (95% CI ¼ 0.62–
0.96), 0.68 (95% CI ¼ 0.47–0.97) and 0.55 (95% CI ¼ 0.35–0.86),
respectively. Male partner’s BMI was not materially associated with
TTP after control for female BMI (Table II). Omission of intercourse
frequency from the multivariable model made little difference in the
effect estimates for male or female BMI (data not shown).

Compared with women who maintained a stable weight since age
17 (25 to 4 kg), women who gained �15 kg had longer TTPs

(FR ¼ 0.71, 95% CI ¼ 0.58–0.86) (Table II). Additional control for
BMI at age 17 had little effect on the strength of this association
(Table II), whereas control for current BMI instead of BMI at age 17
attenuated the association: relative to women who maintained a
stable weight since age 17 (25 to 4 kg), FRs for women who
gained 5–9, 10–14 and �15 kg were: 0.89 (95% CI ¼ 0.75–1.07),
0.88 (95% CI ¼ 0.71–1.09) and 0.82 (95% CI ¼ 0.63–1.05), respect-
ively. Inverse associations between weight gain and fecundability per-
sisted within categories of BMI at baseline (Table III). Given that

............................. ............................. ...............................

.............................................................................................................................................................................................

Table II Anthropometric measures at baseline and time to pregnancy

No. Cycles Unadjusted model Adjusted modela Adjusted modelb

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

BMI, kg/m2

,20 161 843 0.95 0.78–1.15 0.94 0.77–1.15 1.02 0.83–1.27

20–24 666 3416 1.00 (ref.) 1.00 (ref.) 1.00 (ref.)

25–29 199 1178 0.83 0.70–0.99 0.83 0.70–1.00 0.72 0.58–0.90

30–34 85 569 0.73 0.57–0.94 0.75 0.58–0.97 0.60 0.42–0.85

�35 38 334 0.55 0.39–0.78 0.61 0.42–0.88 0.48 0.31–0.74

Male partner’s BMI, kg/m2

,20 28 168 0.85 0.56–1.30 0.94 0.61–1.44 0.95 0.62–1.46

20–24 611 3200 1.00 (ref.) 1.00 (ref.) 1.00 (ref.)

25–29 432 2423 0.93 0.81–1.06 0.98 0.85–1.13 0.98 0.85–1.13

30–34 60 399 0.79 0.59–1.05 0.99 0.73–1.35 0.97 0.72–1.33

�35 18 150 0.59 0.36–0.98 0.72 0.43–1.22 0.72 0.43–1.22

Weight change since age 17 years (kg)

,25 48 242 0.91 0.65–1.29 1.00 0.70–1.42 1.05 0.73–1.52

25 to 4 361 1749 1.00 (ref.) 1.00 (ref.) 1.00 (ref.)

5–9 330 1836 0.85 0.72–1.00 0.91 0.77–1.08 0.90 0.76–1.07

10–14 198 1086 0.86 0.70–1.04 0.86 0.70–1.05 0.86 0.70–1.05

�15 212 1427 0.68 0.57–0.82 0.71 0.58–0.86 0.72 0.59–0.88

Waist circumference (cm)

,74 337 1941 1.00 (ref.) 1.00 (ref) 1.00 (ref)

74–79 231 1231 1.04 0.83–1.30 1.01 0.79–1.29 1.05 0.81–1.36

80–86 259 1274 1.14 0.93–1.39 1.10 0.89–1.37 1.21 0.96–1.54

�87 322 1894 0.98 0.78–1.24 1.01 0.79–1.29 1.44 1.03–2.02

WHR

,0.75 274 1565 1.00 (ref.) 1.00 (ref) 1.00 (ref.)

0.75–0.79 223 1446 0.96 0.76–1.22 0.96 0.75–1.22 0.98 0.77–1.24

0.80–0.84 271 1365 1.13 0.88–1.45 1.10 0.83–1.45 1.15 0.88–1.52

�0.85 381 1964 1.13 0.93–1.37 1.15 0.89–1.47 1.27 0.98–1.64

Tendency to gain weight

Hips/thighs 307 1821 0.91 0.77–1.09 0.86 0.72–1.02 0.81 0.68–0.97

Equally all over 327 1815 1.00 (ref.) 1.00 (ref.) 1.00 (ref.)

Waist/stomach 447 2317 1.07 0.91–1.26 1.06 0.90–1.24 1.00 0.85–1.18

Chest/shoulders 9 66 0.75 0.37–1.54 0.65 0.31–1.34 0.59 0.29–1.24

Do not gain weight 47 239 1.06 0.76–1.50 0.98 0.69–1.39 0.87 0.61–1.26

FR ¼ fecundability ratio; CI ¼confidence interval; No. ¼ number of pregnancies.
aAdjusted for age, partner’s age, cycle regularity, cycle length, partner’s BMI (in female BMI analysis only), female BMI (in partner’s BMI analysis only), physical activity, smoking, alcohol
intake, parity and intercourse frequency.
bAdjusted for factors in ‘a’ as well as waist circumference (in BMI analyses), female BMI (in all analyses except weight change) and BMI at age 17 (in weight change analyses).
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younger women had less opportunity than older women to gain
weight since age 17, we stratified results by age at baseline (,30
versus �30 years). Multivariable results with adjustment for BMI at
age 17 were similar within each age group: compared with women
of stable weight (25 to 4 kg), FRs for women who gained �15 kg
were 0.73 (95% CI ¼ 0.56–0.94) for age ,30 and 0.70 (95% CI ¼
0.51–0.96) for age �30. With adjustment for current BMI instead
of BMI at age 17, these same FRs were 0.82 (95% CI ¼ 0.59–1.14)
for age ,30 and 0.77 (95% CI ¼ 0.51–1.15) for age �30. We also
computed a measure of average weight gain per year [(current
weight (kg) 2 weight at age 17 (kg))/(current age 2 17 years)]. Multi-
variable FRs with control for BMI at age 17 were similar to those for
total weight gain: compared with women of stable weight (20.5 to
0.4 kg/year), FRs for women who gained 0.5–0.9, 1.0–1.9 and
�2 kg per year were 0.88 (95% CI ¼ 0.75–1.04), 0.89 (95% CI ¼
0.74–1.04) and 0.62 (95% CI ¼ 0.49–0.79), respectively. Adjustment
for current BMI instead of BMI at age 17 attenuated the multivariable
FR comparing weight gain of �2 kg per year with stable weight (FR ¼
0.72, 95% CI ¼ 0.53–0.99).

Neither waist circumference nor WHR was materially associated
with TTP in multivariable models that did not control for BMI
(Table II). After adjustment for BMI, however, positive associations
were observed for waist circumference and WHR with fecundability.
The FR comparing waist circumferences �87 with ,74 cm was 1.44
(95% CI ¼ 1.03–2.02). The FR comparing WHR of �0.85 with
,0.75 was 1.27 (95% CI ¼ 0.98–1.64). Results for WHR and TTP
were strongest among lean women, but there was no evidence of
effect modification (Table III). Owing to small numbers of women
with narrow waist circumferences in the overweight and obese
groups, we could not evaluate effect modification between BMI and
waist circumference. Hip circumference indicated a weak inverse
association with fecundability, but results were attenuated after adjust-
ment for BMI (data not shown). Among the 28% of women who used
a measuring tape for their waist and hip measurements (56% of those

who completed the long form questionnaire), results were weaker
(FR comparing �87 versus ,74 cm: 1.29, 95% CI ¼ 0.79–2.12; FR
comparing WHR �0.85 versus ,0.75: 0.94, 95% CI ¼ 0.64–1.39).
When parity was omitted from the multivariable model, FRs for
waist circumference of 74–79, 80–86 and �87 relative to ,74 cm
were: 1.15 (95% CI ¼ 0.89–1.50), 1.18 (95% CI ¼ 0.93–1.51) and
1.09 (95% CI ¼ 0.83–1.42) without control for female BMI, and
1.15 (95% CI ¼ 0.87–1.51), 1.25 (95% CI ¼ 0.96–1.62) and 1.45
(95% CI ¼ 0.98–2.14) with control for female BMI, whereas FRs
for WHR of 0.75–0.79, 0.80–0.84 and �0.85 relative to ,0.75
were 1.00 (95% CI ¼ 0.87–1.32), 1.25 (95% CI ¼ 1.00–1.56) and
1.23 (95% CI ¼ 0.98–1.54) without control for female BMI, and
1.05 (95% CI ¼ 0.85–1.30), 1.20 (95% CI ¼ 0.96–1.48) and 1.14
(95% CI ¼ 0.91–1.42) with control for female BMI.

Results for the self-reported question on ‘tendency to gain weight’
were generally consistent with the overall results for waist circum-
ference and WHR (Table II). Women who reported a tendency
to gain weight in their hips and thighs had lower fecundability than
women with a tendency to gain weight equally all over (FR ¼ 0.81,
95% CI ¼ 0.68–0.97). In contrast, no difference in fecundability
was found among women with a tendency to gain weight in
their waist and stomach area (FR ¼ 1.00, 95% CI ¼ 0.85–1.18).
The FR was 0.59 for the small number of women who reported a
tendency to gain weight in the chest and shoulder area (95% CI ¼
0.29–1.24).

Results for selected anthropometric variables stratified by parity are
shown in Table IV. FRs for overweight and obesity were stronger
among nulliparous than parous women, and we observed opposing
effects of underweight among nulliparous (FR ¼ 0.82, 95% CI ¼
0.63–1.06) and parous (FR ¼ 1.61, 95% CI ¼ 1.08–2.39) women
(Table IV). Figure 1 displays the relation of female BMI to fecundability,
by parity status, using restricted cubic splines. Results for weight gain
since age 17 were similar across parity status (Table IV) as were results
for the ‘tendency to gain weight’ question (data not shown). Waist

................................................... ................................................... ....................................................

....................... ....................... ........................

.............................................................................................................................................................................................

Table III Weight gain since age 17, waist-to-hip ratio (WHR), and time to pregnancy, by female BMI at baseline

BMI < 25 BMI 25–29 BMI � 30

No. Cycles Adjusted
modela

No. Cycles Adjusted
modela

No. Cycles Adjusted
modela

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

Weight change since age 17 years (kg)

,25 43 191 1.04 0.71–1.52 3 38 0.67 0.17–2.65 1 11 0.33 0.02–4.41

25 to 4 340 1608 1.00 (ref.) 15 103 1.00 (ref.) 4 20 1.00 (ref.)

5–9 282 1540 0.90 0.75–1.08 42 261 1.01 0.50–2.05 6 21 0.69 0.13–3.72

10–14 124 682 0.88 0.69–1.11 57 268 1.05 0.53–2.11 15 111 0.38 0.09–1.72

�15 38 238 0.78 0.53–1.15 63 384 0.86 0.44–1.68 97 740 0.35 0.09–1.43

WHR

,0.75 241 1334 1.00 (ref.) 24 175 1.00 (ref.) 9 56 1.00 (ref.)

0.75–0.79 174 1065 0.99 0.76–1.31 34 262 1.01 0.48–2.11 15 119 0.92 0.22–3.83

0.80–0.84 191 879 1.18 0.87–1.59 56 303 1.07 0.46–2.50 24 183 1.38 0.34–5.59

�0.85 221 981 1.34 1.06–1.70 85 438 1.14 0.43–3.03 75 545 1.09 0.34–3.54

FR ¼ fecundability ratio; CI ¼ confidence interval; No. ¼ number of pregnancies.
aAdjusted for age, partner’s age, cycle regularity, cycle length, physical activity, smoking, alcohol intake, parity and intercourse frequency.
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circumference and WHR results were slightly stronger among parous
than nulliparous women, but FRs were generally in the same direction
(Table IV).

Stratification of the female BMI data by age and smoking history
showed similar FRs across ever and never smokers, but stronger
results for obesity among women aged ,25 years, albeit there
were few obese women in this stratum (Table V). The inverse associ-
ations for overweight and obesity persisted among women with
regular cycles (Table V). Overall results were consistent among
women who had been trying to conceive for �2 cycles and 3–6
cycles at study entry (Table V). Finally, effect estimates were similar
when we redefined our outcome variable as pregnancy resulting in
birth (data not shown).

Discussion
In this prospective cohort study of Danish pregnancy planners, we
observed longer TTPs among overweight, obese and very obese
women, relative to normal weight women. After control for waist cir-
cumference, these results became stronger. Although we found little
overall relation between underweight and TTP, the association

varied by parity status. Among nulliparous women we observed
longer TTPs compared with normal weight women, and among
parous women we observed shorter TTPs compared with normal
weight women. Male BMI was not appreciably associated with fecund-
ability after control for female BMI. There was some suggestion of a
weak positive association of waist circumference and WHR with
fecundability in women, but only after adjustment for female BMI.
Results for perceived body fat distribution were consistent with
these anthropometric measures and associations between WHR
and fecundability were similar across female BMI categories. In
women, the inverse association we observed between weight gain
since age 17 and fecundability became weaker after control for
current BMI, indicating that current BMI may explain part of this effect.

Our results for female BMI agree with previous studies that have
shown reduced fertility in overweight 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), 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). Our finding of effect

................................................................................ .................................................................................

....................... ....................... ....................... ........................

.............................................................................................................................................................................................

Table IV Anthropometric measures at baseline and time to pregnancy, by parity status at baseline

Nulliparous Parous

No. Cycles Adjusted
modela

Adjusted
modelb

No. Cycles Adjusted
modela

Adjusted
modelb

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

Female BMI, kg/m2

,20 98 637 0.76 0.60–0.98 0.82 0.63–1.06 63 206 1.43 1.00–2.03 1.61 1.08–2.39

20–24 441 2411 1.00 (ref.) 1.00 (ref.) 225 1005 1.00 (ref.) 1.00 (ref.)

25–29 101 742 0.73 0.57–0.93 0.65 0.49–0.86 98 436 1.00 0.75–1.33 0.85 0.61–1.17

30–34 36 335 0.60 0.41–0.88 0.51 0.32–0.82 49 234 0.89 0.61–1.31 0.68 0.43–1.09

�35 20 249 0.46 0.28–0.76 0.39 0.22–0.69 18 85 1.00 0.56–1.79 0.73 0.38–1.39

Weight change since age 17 years (kg)

,25 30 207 0.78 0.51–1.19 0.83 0.53–1.30 18 35 2.88 1.37–6.08 3.01 1.40–6.48

25 to 4 222 1212 1.00 (ref.) 1.00 (ref.) 139 537 1.00 (ref.) 1.00 (ref.)

5–9 235 1425 0.90 0.73–1.10 0.88 0.72–1.08 95 411 0.92 0.67–1.25 0.91 0.67–1.25

10–14 112 673 0.96 0.74–1.25 0.96 0.74–1.24 86 413 0.77 0.56–1.06 0.77 0.56–1.06

�15 97 857 0.64 0.49–0.83 0.65 0.49–0.85 115 570 0.76 0.56–1.03 0.76 0.56–1.04

Waist circumference (cm)

,74 239 1500 1.00 (ref.) 1.00 (ref.) 98 441 1.00 (ref.) 1.00 (ref.)

74–79 149 838 1.02 0.77–1.34 1.03 0.78–1.36 82 393 0.99 0.60–1.64 1.13 0.67–1.90

80–86 147 806 1.18 0.91–1.53 1.24 0.95–1.62 112 468 1.02 0.63–1.63 1.26 0.76–2.07

�87 161 1230 0.90 0.68–1.18 1.32 0.89–1.93 161 664 1.14 0.69–1.88 1.67 0.94–2.98

WHR

,0.75 197 1187 1.00 (ref.) 1.00 (ref.) 77 378 1.00 (ref.) 1.00 (ref.)

0.75–0.79 137 1104 0.86 0.61–1.22 0.89 0.63–1.25 86 342 1.24 0.82–1.89 1.29 0.85–1.94

0.80–0.84 157 786 1.14 0.81–1.62 1.23 0.88–1.73 114 579 1.17 0.72–1.89 1.22 0.75–2.00

�0.85 205 1297 1.04 0.80–1.36 1.18 0.91–1.54 176 667 1.40 0.94–2.09 1.53 0.98–2.39

FR ¼ fecundability ratio; CI ¼ confidence interval; No. ¼ number of pregnancies.
aAdjusted for age, partner’s age, cycle regularity, cycle length, partner’s BMI (in female BMI analysis only), physical activity, smoking, alcohol intake and intercourse frequency.
bAdjusted for factors in ‘a’ as well as waist circumference (in BMI analyses), female BMI (in all analyses except weight change) and BMI at age 17 (in weight gain analyses).

Body size and fecundability in Danish pregnancy planners 259

 at B
oston U

niversity on M
arch 13, 2013

http://hum
rep.oxfordjournals.org/

D
ow

nloaded from
 

http://humrep.oxfordjournals.org/


modification by parity—an inverse association between underweight
and fertility among nulliparous women and a positive association
among parous women—has not been reported previously. Of note,
parous women had considerably higher fecundability rates than nulli-
parous women in our study. Among women with already proven fer-
tility, it is possible that underweight is not a risk factor for delayed
TTP. The stronger inverse association we found between obesity
and fertility among younger women is consistent with a study of
women undergoing fertility treatment, in which IVF success rates
were substantially lower for younger obese women (Sneed et al.,
2008). And while no previous studies have investigated weight gain
since adolescence and TTP, one study examining weight change
between successive pregnancies found that weight loss among over-
weight women and weight gain among underweight women were
associated with increased fecundability (Ramlau-Hansen et al.,
2007). Our data were limited in that the precise timing of the
weight gain was unknown. Results were similar, however, when we
assessed average weight gain per year per woman and when we stra-
tified by age at baseline.

Our results for male BMI are not entirely consistent with the few
studies that have examined male fecundability (Sallmén et al., 2006;
Nguyen et al., 2007; Ramlau-Hansen et al., 2007). In those studies,
Nguyen et al. found an increased risk of infertility (TTP . 12
months) for BMI ,20 (OR �1.50, 95% CI not reported), BMI 25–
29 (OR ¼ 1.20, 95% CI ¼ 1.04–1.38) and BMI 30–34 (OR ¼ 1.36,

Figure 1 Relation between female BMI and fecundability, by parity
status at baseline, fitted by restricted cubic splines.
Reference level for fecundability ratio is a BMI of 22 kg/m2. The
dotted line segments represent ranges beyond the last knot used in
the spline fitting, denoting tail ranges that have less information.
The curves are adjusted for age, partner’s age, cycle regularity,
cycle length, partner’s BMI, physical activity, smoking, alcohol
intake, intercourse frequency and waist circumference.

.........................................................................................................................................................

.............................................................................................................................................................................................

Table V Female BMI and time to pregnancy by age, smoking history, cycle regularity and attempted cycles before study
entry

Characteristic BMI (kg/m2)

<20 20–24 25–29 30–34 �35

Age at baseline

,25

No. 28 89 32 10 4

Cycles 149 420 212 69 74

FR (95% CI)a 0.89 (0.53–1.48) 1.00 (reference) 0.73 (0.46–1.16) 0.35 (0.16–0.76) 0.21 (0.06–0.76)

FR (95% CI)b 0.90 (0.50–1.60) 1.00 (reference) 0.74 (0.41–1.33) 0.37 (0.15–0.96) 0.22 (0.05–0.92)

25–29

No. 73 312 87 45 24

Cycles 415 1571 529 243 173

FR (95% CI)a 0.85 (0.64–1.15) 1.00 (reference) 0.83 (0.63–1.09) 0.91 (0.62–1.32) 0.68 (0.42–1.11)

FR (95% CI)b 0.95 (0.69–1.31) 1.00 (reference) 0.69 (0.50–0.96) 0.67 (0.41–1.08) 0.49 (0.28–0.88)

�30

No. 60 265 80 30 10

Cycles 279 1425 437 237 87

FR (95% CI)a 1.09 (0.79–1.52) 1.00 (reference) 0.94 (0.70–1.25) 0.67 (0.43–1.04) 0.67 (0.33–1.36)

FR (95% CI)b 1.16 (0.82–1.65) 1.00 (reference) 0.80 (0.57–1.13) 0.53 (0.31–0.90) 0.52 (0.24–1.12)

Smoking status

Ever

No. 49 259 89 37 19

Cycles 267 1480 521 258 168

Continued
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95% CI ¼ 1.13–1.63) in men, relative to BMI 20.0–22.4, whereas
both Sallmén et al. and Ramlau-Hansen et al. found increased risks
of infertility (TTP . 12 months) for overweight (range of ORs:
1.36–1.50) and obese (range of ORs: 1.74–2.00) men only. These
studies included more subjects than ours. Like our study, two of the
three studies used a measure of male BMI that was self-reported by
women (Nguyen et al., 2007; Ramlau-Hansen et al., 2007). Nguyen
et al. validated female reports against male reports of BMI in a
subset of couples and found high (82%) agreement. It is unlikely that
restriction to couples who were infertile (Sallmén et al., 2006) or
who conceived (Nguyen et al., 2007; Ramlau-Hansen et al., 2007)
explained the differences in study results because all three studies
found similar associations for male overweight and obesity. In contrast
to our study, however, all three studies were retrospective (Sallmén
et al., 2006; Nguyen et al., 2007; Ramlau-Hansen et al., 2007),

which may have introduced recall bias (Cooney et al., 2009), and all
used infertility (TTP . 12 months) as an outcome definition.

Our observation of nearly null associations for waist circumference
and WHR with fecundability before adjustment for BMI but weak posi-
tive associations after adjustment for female BMI was unexpected.
These results do not agree with the few studies that have examined
these exposures in relation to fertility, albeit most of these studies
were conducted among women attending fertility clinics. In a prospec-
tive study of women attending a donor insemination clinic, a 0.1-unit
increase in WHR was associated with a 30% decrease in probability of
conception per cycle (FR ¼ 0.71; 95% CI ¼ 0.56–0.89) after adjust-
ment for covariates (Zaadstra et al., 1993). A cross-sectional study
found that a WHR �0.80, independent of BMI, reduced the preg-
nancy rate of IVF embryo transfer (Wass et al., 1997). In a third cross-
sectional study of women without known fertility problems, women in

.........................................................................................................................................................

.............................................................................................................................................................................................

Table V Continued

Characteristic BMI (kg/m2)

<20 20–24 25–29 30–34 �35

FR (95% CI)a 1.08 (0.76–1.55) 1.00 (reference) 0.93 (0.70–1.23) 0.86 (0.58–1.27) 0.79 (0.44–1.41)

FR (95% CI)b 1.14 (0.77–1.68) 1.00 (reference) 0.84 (0.61–1.16) 0.74 (0.45–1.19) 0.68 (0.36–1.29)

Never

No. 112 407 110 48 19

Cycles 576 1935 657 311 166

FR (95% CI)a 0.89 (0.70–1.14) 1.00 (reference) 0.75 (0.59–0.95) 0.73 (0.52–1.04) 0.49 (0.29–0.81)

FR (95% CI)b 0.96 (0.74–1.25) 1.00 (reference) 0.64 (0.47–0.87) 0.57 (0.34–0.94) 0.37 (0.19–0.70)

Regular cycles

No

No. 49 147 36 11 6

Cycles 264 754 250 102 85

FR (95% CI)a 1.05 (0.71–1.54) 1.00 (reference) 0.57 (0.37–0.89) 0.54 (0.26–1.10) 0.27 (0.10–0.72)

FR (95% CI)b 1.16 (0.76–1.78) 1.00 (reference) 0.49 (0.26–0.91) 0.43 (0.13–1.35) 0.22 (0.06–0.81)

Yes

No. 112 519 163 74 32

Cycles 579 2662 928 467 249

FR (95% CI)* 0.93 (0.74–1.18) 1.00 (reference) 0.87 (0.71–1.07) 0.85 (0.64–1.12) 0.70 (0.47–1.06)

FR (95% CI)b 1.01 (0.78–1.30) 1.00 (reference) 0.76 (0.60–0.96) 0.68 (0.48–0.97) 0.56 (0.35–0.88)

Cycle attempts before study entry

�2

No. 122 502 148 64 28

Cycles 629 2418 862 409 244

FR (95% CI)a 0.90 (0.72–1.13) 1.00 (reference) 0.80 (0.65–0.99) 0.73 (0.54–0.99) 0.59 (0.38–0.91)

FR (95% CI)b 0.99 (0.77–1.27) 1.00 (reference) 0.67 (0.53–0.85) 0.55 (0.38–0.79) 0.43 (0.27–0.70)

3–6

No. 39 164 51 21 10

Cycles 214 998 316 160 90

FR (95% CI)a 1.24 (0.82–1.87) 1.00 (reference) 0.86 (0.60–1.25) 0.76 (0.44–1.32) 0.70 (0.34–1.47)

FR (95% CI)b 1.29 (0.82–2.04) 1.00 (reference) 0.83 (0.52–1.35) 0.72 (0.30–1.72) 0.67 (0.26–1.74)

FR ¼ fecundability ratio; CI ¼ confidence interval; No. ¼ number of pregnancies.
aWhen applicable, adjusted for age, partner’s age, cycle regularity, cycle length, partner’s BMI, physical activity, smoking, alcohol intake, intercourse frequency and parity.
bAdjusted for all covariates in ‘a’ as well as waist circumference.
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the lowest quartile of WHR had 29% higher mean mid-cycle
17-b-estradiol levels and 33% higher mean luteal phase progesterone
levels than women in the higher quartile of WHR (Jasienska et al.,
2004). However, while estradiol correlates with follicle size and
oocyte quality (Eissa et al., 1986), quality of cervical mucus
(Roumen et al., 1982), and endometrial thickness (Dickey et al.,
1993), and low progesterone levels are an indicator of anovulation
(van Zonneveld et al., 1994), both estradiol and progesterone have
low predictive value for diagnosing ovarian reserve problems and infer-
tility (Broekmans et al., 2006) and are rarely relied on as sole markers
of fertility.

BMI is strongly correlated with percent body fat (r ¼ 0.84) in
women aged 20–39 years (Flegal et al., 2009). Anthropometric and
covariate data were self-reported by the female partner at baseline
before the occurrence of pregnancy or any censoring event.
Because not all women entered the study when they were first
attempting to conceive, both differential (bias in either direction)
and non-differential misclassification (bias towards null unless
exposure has multiple categories) of anthropometric variables was
possible. Although we did not update anthropometric measures
over time and longer TTPs could have been associated with changes
in eating patterns (e.g. stress-induced eating or medical advice to
lose weight), it is unlikely that anthropometric measures would have
changed appreciably over the short follow-up period. In a subset of
cohort participants, self-reported height and weight showed excellent
agreement with measures provided by the Danish Medical Birth Reg-
istry. Finally, it is reassuring that our results did not differ by number of
cycle attempts before study entry, suggesting that reporting of anthro-
pometric measures was not strongly influenced by TTP.

The association between high BMI and reduced fecundability in
women has biological plausibility. Obesity may affect fertility through
anovulation (Grodstein et al., 1994; Rich-Edwards et al., 1994, 2002)
and alterations in the pre-ovulatory follicular environment (Robker
et al., 2009). Obese women have been shown to have abnormally
high levels of fats and inflammation in the fluid surrounding their
oocytes, which can negatively influence the oocyte’s development
(Robker et al., 2009). Increasing BMI is associated with increasing fol-
licular fluid levels of insulin, lactate, triglycerides, and C-reactive
protein, and decreasing levels of sex hormone binding globulin
(Robker et al., 2009). Differences in insulin-regulated genes in granu-
losa cells have also been found between obese and normal weight
women (Robker et al., 2009).

Because Denmark has a high prevalence of internet access (www.
oecd.org/denmark), our study was accessible to nearly all Danish
women thinking about pregnancy. Some studies indicate a decrease
in fecundability in Denmark over time (Juul et al., 1999; Jensen et al.,
2002, 2008) whereas others have seen no clear time trends in fecund-
ability (Jensen et al., 2005), although the data are scarce and methods
have been inconsistent across studies (Sallmén et al., 2005). The pro-
portion of couples in the Snart-Gravid study that conceived after 1
year was somewhat lower than that found in other prospective
studies (Zinaman et al., 1996; Gnoth et al., 2003), and those inter-
ested in our study may have had lower fertility on average than the
general population. Because we were only able to capture
clinically-recognized pregnancies and up to 22% of early pregnancies
are lost before clinical detection (Wilcox et al., 1988), our findings
only relate to time to clinically-recognized pregnancy. Moreover, this

was a study of pregnancy planners and although rates of unintended
pregnancy are lower in Denmark compared with other developed
countries (Jones et al., 1988), and were estimated to be as low as
25% in some regions of Denmark (Juul et al., 1999), a non-negligible
proportion of pregnancies may have been unplanned. If pregnancy
intention was related both to the exposures studied here and to fer-
tility, our results may not be generalizable to women with unplanned
pregnancies. Nonetheless, our study should have high internal validity
because cohort retention was high and compares favorably with what
has been reported for other large volunteer cohort studies (Olsen
et al., 2001; Russell et al., 2001). The small proportion of women
lost to follow-up tended to be heavier and have lower parity, which
suggests that the effect of selective losses, if any, would have been
to underestimate the associations of BMI with fecundability.

In summary, we found that women who were overweight, obese
and very obese, as well as women who gained excess weight since
age 17 years, had reduced fertility. Underweight was associated with
reduced fertility among nulliparous women only. Results for the
relation of waist circumference and WHR to fecundability depended
on adjustment for BMI and were either close to null or weakly posi-
tive, findings that are at odds with the few other studies on this
topic. Overall, our findings suggest that the increasing prevalence of
obesity in Denmark may have deleterious effects on female fertility.
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