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Study question—Are higher overall and central adiposity associated with reduced
fecundability, measured by time-to-pregnancy (TTP), in Asian women?

Summary answer—Higher overall adiposity, but not central adiposity, was associated with
longer TTP in Asian women.

What is known already—High body mass index (BMI) has been associated with a longer TTP,
although the associations of body composition and distribution with TTP are less clear. There are
no previous studies of TTP in Asian women, who have a relatively higher percentage of body fat
and abdominal fat at relatively lower BMI.

Study design, size, duration—Prospective preconception cohort using data from 477 Asian
(Chinese, Malay and Indian) women who were planning to conceive and enrolled in the Singapore
PREconception Study of long-Term maternal and child Outcomes (S-PRESTO) study, 2015-2017.

Participants/materials, setting, methods—Women’s mean age was 30.7 years. Overall
adiposity was assessed by BMI, sum of 4-site skinfold thicknesses (SFT) and total body fat
percentage (TBF%, measured using air displacement plethysmography); central adiposity was
assessed by waist circumference (WC), waist-to-hip ratio (WHR), waist-to-height ratio (WHtR)
and A body Shape Index (ABSI). Pregnancy occurring within one year from recruitment was
ascertained by ultrasonography. Those who did not conceive within one year of recruitment, were
lost to follow-up, or initiated fertility treatment were censored. TTP was measured in cycles.
Discrete-time proportional hazards models were used to estimate the fecundability ratio (FR) and
95% confidence interval (Cl) for each anthropometric measure in association with fecundability,
adjusting for confounders.

Main results and the role of chance—Compared to women with a normal BMI of 18.5-22.9
kg/m2, women with higher BMI of 23-27.4 and >27.5 kg/m? showed lower FR of 0.66 (95% ClI
0.45, 0.97) and 0.53 (0.31, 0.89), respectively. Compared to women in the lowest quartile of SFT
(25-52.9mm), those in the highest quartile of 290.1 mm showed lower FR of 0.58 (95% CI 0.36,
0.95). Compared to women in the lowest quartile of TBF% (13.6-27.2%), those in the upper two
quartiles of 33.0-39.7% and =39.8% showed lower FR of 0.56 (95% CI 0.32, 0.98) and 0.43 (0.24,
0.80), respectively. Association of high BMI with reduced fecundability was particularly evident
among nulliparous women. Measures of central adiposity (WC, WHR, WHtR, ABSI) were not
associated with fecundability.

Limitations, reasons for caution—Small sample size could restrict power of analysis.The
analysis was confined to planned pregnancies, which could limit generalizability of findings to
non-planned pregnancies, estimated at around 44% in Singapore. Information on the date of last
menstrual period for each month was not available, hence the accuracy of self-reported menstrual
cycle length could not be validated, potentially introducing error into TTP estimation. Measures of
exposures and covariates such as cycle length were not performed repeatedly over time; cycle
length might have changed during the period before getting pregnant.

Wider implications of the findings—Other than using BMI as the surrogate measure of body
fat, we provide additional evidence showing that higher amounts of subcutaneous fat that based on
the measure of SFT at the sites of biceps, triceps, suprailiac and subscapular, and TBF% are

associated with longer TTP. Achieving optimal weight and reducing total percentage body fat may
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be a potential intervention target to improve female fertility. The null results observed between
central adiposity and TTP requires confirmation in further studies.
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Introduction

The falling trend in global fertility has been an issue of concern in many settings, imposing
significant economic and social implications on a pre-existing ageing demographic (United
Nations, 2015). Compounding this problem is the ongoing rise of worldwide overweight and
obesity rates, particularly among women of childbearing age (NCD Risk Factor
Collaboration, 2016). In Singapore, proportion of overweight people is projected to increase
from 24.6% in 1990 to 38.6% by 2050; while those obese are predicted to almost quadruple
from 4.3% in 1990 to 15.9% by 2050 (Phan et al., 2014). Overweight and obesity, as
measured by body mass index (BMI), has been associated with lower female fecundability -
the cycle probability of conception (Wise et al., 2010; Wise et al., 2013; McKinnon et al.,
2016). To a lesser extent, underweight has also been related to reduced fecundability
(Hassan and Killick, 2004; Gesink Law et al., 2007). Both extremes of BMI are associated
with reproductive dysfunctions through increasing risk of anovulation (Davies, 2006),
alterations in levels of various hormones and energy metabolism (Talmor et al., 2015;
Fontana and Torre, 2016).

BMI, however, is a crude measure of body fat and does not consider body composition and
shape. Excess fat deposition in the abdominal region has been associated with
oligomenorrhea (De Pergola et al., 2009) and increased androgenicity of women (Diamanti-
Kandarakis and Bergiele, 2001). Evidence has been limited and inconsistent regarding the
extent to which female fecundability is influenced by central adiposity and body fat
distribution, as often measured by waist circumference (WC) or waist-to-hip ratio (WHR)
(Wise et al., 2010; Wise et al., 2013; McKinnon et al., 2016). Nevertheless, the use of WC or
WHR as a proxy for central adiposity is subject to key limitations. Both indicators are
sensitive to body size (weight and height) and highly correlated with BMI, which make it
difficult to disentangle the impacts of body shape and of body size (Krakauer and Krakauer,
2012; Vikram et al., 2016). Also, WHR has limited validity in practical risk management
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when changes in both WC and hip circumference (HC) are in a similar direction (Vikram et
al., 2016). Evidence suggests that the waist-to-height ratio (WHtR) and A Body Shape Index
(ABSI =WC (m)/[BMI (kg/m2)2"3 x Height (m)/2]) may be better proxies of central
adiposity and better predictors of health risks (Krakauer and Krakauer, 2012; Vikram et al.,
2016).

Previous studies assessing adiposity in relation to fecundability were conducted among
white/black women (Wise et al., 2010; Wise et al., 2013; McKinnon et al., 2016), but have
not been performed among Asian women. Asian populations have a relatively higher
percentage of body fat and abdominal fat at relatively lower BMI (Wang et al., 1994). To
clarify the role of body weight and body fat distribution on fecundability in Asian women,
we examined these associations among Chinese, Malay and Indian women enrolled in a
prospectively studied preconception cohort in Singapore. Using Asian specific cut-offs, we
assessed BMI, WC and WHR in relation to fecundability, as measured by time-to-pregnancy
(TTP) in cycles (Weinberg et al., 1989). To address existing gaps in the literature, we
additionally assessed subcutaneous fat deposition based on multiple sites of skinfold
thicknesses (SFT), and total body fat percentage (TBF%) using air displacement
plethysmography. We examined WHtR and ABSI as indicators of central adiposity. We
hypothesized that increased overall adiposity as measured by BMI, SFT and TBF%, and
increased central adiposity as measured by WC, WHR, WHtR and ABSI were associated
with reduced fecundability.

Materials and methods

Ethical approval

The study was conducted according the guidelines laid down in the Declaration of Helsinki.
Ethical approval was obtained from the Singhealth Centralised Institute Review Board
(reference 2014/692/D). Written informed consent was obtained from all women.

Study population

Data were drawn from the Singapore PREconception Study of long-Term maternal and child
Outcomes (S-PRESTO) prospective cohort study, designed to examine the influences of
events prior to and in early pregnancy on metabolic and mental health outcomes for both
mother and offspring in later life.

Asian women of Chinese, Malay or Indian ethnicity planning to conceive and between ages
of 18-45 years were enrolled from the general population of Singapore. Women were
excluded if they reported actively trying to conceive for more than 18 months, had been
diagnosed with type 1 or type 2 diabetes, had been taken anticonvulsant medication, oral
steroids or received assisted fertility treatment in the past one month.

Study procedure

During the recruitment visit (first visit), face-to-face interviews and detailed measurements
were conducted by trained research staff in the clinic at the KK Women’s and Children’s
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hospital (KKH). Baseline information including socio-demography, health history, menstrual
characteristics, lifestyle habits and anthropometric measurements were collected.

Women were followed for up to 12 months of trying for pregnancy. Instructions were given
to perform pregnancy testing if their period was 3-4 days late or in 2 weeks after unprotected
intercourse. Women informed research staff if they had a positive result on the provided
urinary pregnancy test kit, sensitive to 25 mlU/ml hCG (Biotron Diagnostics, USA). When
pregnhancy was reported, the last menstruation period (LMP) was documented and women
were scheduled for an ultrasound scan. In the absence of any update within 6, 9 and 12
months from the recruitment visit, research staff conducted a follow-up survey by telephone
to track participants’ pregnancy status.

Of the 641 eligible women enrolled from February 2015 to July 2017, we excluded women
from this analysis based on the following criteria: unknown or implausible date of LMP at
recruitment (n=27); unknown or implausible menstrual cycle length (n=13); did not
complete follow-up questionnaire (n=10); or had been trying to conceive for >6 months
before study entry (n=107). It has been suggested that women who had been trying to
conceive for a longer period at study entry might have adjusted their behavior (McKinnon et
al., 2016), which could introduce bias in the associations.

Assessment of anthropometry

We measured woman’s weight to the nearest 0.1 kg using a SECA 803 weighing machine
(Hamburg, Germany); height was measured to the nearest 0.1 cm using a SECA 213
Portable Stadiometer (Hamburg, Germany). We measured WC and HC to the nearest 0.1 cm
using a non-stretchable measuring tape. WC was measured at the uppermost lateral border
of the ilium (Centers for Disease Control and Prevention, 2007), while HC was measured at
the maximal gluteal protuberance at the level of symphysis (Centers for Disease Control and
Prevention, 1988). All measurements were taken in duplicate and averaged. We calculated
BMI as weight (kg)/height (m)Z; WHR as WC (cm)/HC (cm); WHtR as WC (cm)/height
(cm); ABSI as WC (m)/[BMI (kg/m?)?/3 x Height (m)1/2] (Krakauer and Krakauer, 2012).

We measured biceps, triceps, suprailiac and subscapular skinfold thicknesses at the right side
of the body using a Holtain skinfold caliper (Holtain Ltd, Crymych, UK). The measures
were taken in triplicate to the nearest 0.2mm and averaged. The sum of 4-site SFT was
derived. We used BOD POD Air Displacement Plethysmography version 5.2.0 (Cosmed,
Rome, Italy) to assess fat mass and fat free mass based on whole body densitometric
principles.

We categorized all anthropometric variables according to clinical thresholds for Asian
populations whenever available. BMI status was hence categorized as <18.5, 18.5-22.9,
23-27.4 and >27.5kg/m? (World Health Organization, 2004). WC was categorized as <74,
75-80, 81-86 and =87cm (World Health Orgzanition, 2008). WHR was categorized as <0.80,
0.80-0.84 and =0.85 (World Health Orgzanition, 2008). A cut-off value of >0.5, which has
been used in previous studies, was defined as abnormal for WHtR (Li et al., 2013; Vikram et
al., 2016). SFT, TBF% and ABSI were categorized into quartiles.
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Assessment of pregnancy and cycles at risk

The event of interest was based on the first report of pregnancy as confirmed by ultrasound
scan, regardless of pregnancy outcome.Total waiting time was calculated as the interval
between the date of LMP obtained at recruitment and before conception (pregnant within 1
year) or last follow-up call (if not pregnant). The interval was then converted to cycles at risk
by dividing with the average cycle length. Menstrual cycle length was obtained at
recruitment by asking women about their range of usual cycles between the start of one
period and the start of the next period. Women were also asked about the number of months
of attempting to conceive at study entry. The total number of cycles at risk were calculated
as follows: (months of attempting to conceive at study entry/average cycle length) + [(date
of LMP before conception or the most recent follow-up) - (date of LMP at recruitment)]/
average cycle length. For women who became pregnant, one more conception cycle was
added (Zhang et al., 2017).

Assessment of covariates

We identified potential confounders a priori from the literature (Gesink Law et al., 2007;
Wise et al., 2010; Wise et al., 2013; McKinnon et al., 2016) and by using a directed acyclic
graph.

These included age (<30, 30-34, =35 years), ethnicity (Chinese, Malay, Indian or any mix
between these three ethnicities), education (non-tertiary, tertiary), parity (nulliparous,
parous), cycle length [<28, 28-30,>30days], cycle regularity (regular, irregular), age at
menarche (<12, 12-13, >13 years), alcohol intake (no, yes), smoking exposure (no, yes) and
physical activity [inactive, minimally active, HEPA active (health enhancing physical
activity; a high active category)]. We asked women if their menstrual periods were regular or
if it varied by more than 5 days between periods in the past 6 months, which we classified it
as irregular cycle. Smoking exposure was defined as any active or passive cigarette smoking.
Physical activity was assessed using the International Physical Activity Questionnaire
(IPAQ) (IPAQ Research Committee, 2005). We tested whether these potential confounders
were associated with the anthropometric variables and time-to-pregnancy. We only
controlled for potential confounders that changed the multivariable fecundability ratio (FR)
by 10% or more relative to the unadjusted FR. Based on these criteria, the selected
confounders comprised age, ethnicity, education, parity and cycle length.

Statistical analysis

We used Fisher’s exact tests to assess differences in covariates across BMI categories; while
Kaplan—Meier methodology was used to estimate the cumulative probability of pregnancy.
We used discrete-time proportional hazards models to estimate FRs and 95% confidence
intervals (Cls) for women’s anthropometric measures in association with fecundability as
measured by TTP, in cycles (Weinberg et al., 1989). The FR represents the cycle-specific
probability of conception among exposed women, relative to unexposed women. A FR <1
indicating decreased fecundability (longer TTP), while a FR >1 indicating increased
fecundability (shorter TTP) (Wise et al., 2010). To account for left truncation, we based risk
sets only on observed cycles at risk, i.e. attempt time to conceive while participating in the
study (Jenkins, 2005; Wise et al., 2010). For example, if a woman had been trying to
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conceive for three cycles before entering the study and then reported a pregnancy after six
cycles of total attempt time, we only included three cycles in the analysis starting at cycle 4
when she was first observed in the study (i.e. cycles 4 through 6). Censoring was applied
when a woman (i) had not conceived after 12 months, which is the typical length of time
after which couples seek medical assistance for infertility, (ii) was lost to follow up, (iii)
reported no longer trying to conceive or (iv) initiated fertility treatment, whichever occurred
first. Separate models were run for individual anthropometric measure with TTP. We
performed crude (Model 1) and adjusted analyses (Model 2). Potential confounders were
indicated as above. To assess the independent contribution of overall and central adiposity,
we conducted additional models (Model 3) that simultaneously adjusted for BMI and WHR
(Wise et al., 2013). We did not conduct separate analysis that further controlled for
polycystic ovarian syndrome (PCOS) which could be a potential causal intermediate (Wise
et al., 2013), but only one woman self-reported having the syndrome. We tested the
possibility of a non-linear relationship between each anthropometric measure and
fecundability using restricted cubic splines. As it has been reported that the association
between body size and fecundability might vary by parity (Wise et al., 2010), we performed
interaction test of anthropometry measure with parity on fecundability using Model 3. The
results were stratified by parity. Statistical analyses were conducted using SPSS Statistics
Version 19.0 (IBM Corp, Armonk, NY, USA) or Stata Statistical Software, Release 13
(StataCorp, College Station, TX, USA).

We included 477 (74.4%) women with complete dataset for the present analysis (Figure 1).
In comparison to excluded women (n=164, 25.6%), those included were more likely to attain
tertiary education (70.4 versus 59.1%) and to report a regular menstrual cycle (68.3 versus
57.9%) (Supplementary Information Table S1).

The 477 women in the study contributed to 4069 cycles and 168 pregnancies. Period of
attempting to conceive before study entry was at the median of 0.97 cycles (interquartile
range 0-2.99). After 6 and 12 cycles of pregnancy attempts, 30% and 45% women reported a
pregnancy, respectively. Across BMI categories, women with BMI =27.5 kg/m? were more
often of Malay and Indian ethnicities, had attained lower education, and were likely to be
parous, to have reached menarche at age <12 years and to have been exposed to cigarette
smoke and less likely to consume alcohol than the other BMI categories (Table 1). The mean
values for anthropometry variables are presented in Table II.

As presented in Table 111 (Model 2), compared to women with a normal BMI of 18.5-22.9
kg/m2, women with BMI of <18.5, 23-27.4 and =27.5 kg/m? showed FR of 0.60 (95% ClI
0.34, 1.06), 0.66 (0.45, 0.97) and 0.53 (0.31, 0.89), respectively. Compared to women in the
lowest quartile of SFT (25.0-52.9mm), those in the upper quartiles of 53.0-70.0, 70.1-90.0
and 290.1 mm showed FR of 1.11 (0.73, 1.67), 0.96 (0.62, 1.46) and 0.58 (0.36, 0.95),
respectively. Reduced fecundability was observed in women with higher TBF% of
33.0-39.7% [FR 0.56 (0.32, 0.98)] and =39.8% [FR 0.43 (0.24, 0.80)] compared to TBF% of
13.6-27.2%. Compared with Model 2, inclusion of both BMI and WHR simultaneously in
the same model (Model 3) showed similar trends of associations between both models.
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Figure 2 displays the restricted cubic spline curve for the association between BMI and
fecundability. Association of high BMI with reduced fecundability was particularly evident
among nulliparous women (Supplementary Information Table S2). No associations were
found for WC, WHR, WHtR and ABSI with fecundability before (Table I11) and after parity
stratification (Supplementary Information Table S2).

Discussion

This prospective cohort study examined how adiposity and fat distribution were associated
with fecundability, as measured by TTP among multiethnic Asian women planning a
pregnancy. Reduced fecundability was observed among women with higher BMI, SFT and
TBF%. The association of high BMI with reduced fecundability was particularly evident
among nulliparous women. Central adiposity, as indicated by measures of WC, WHR,
WHIR and ABSI, was not associated with fecundability. These findings suggest that
increased overall adiposity contributes to delayed conception among Asian women.

Our findings agree with previous studies that have reported reduced fecundability in women
with high BMI (Wise et al., 2010; Wise et al., 2013; McKinnon et al., 2016). The finding of
effect modification by parity is supported by previous reports (Gesink Law et al., 2007; Wise
et al., 2010; Wise et al., 2013) showing a stronger association between high BMI and
reduced fecundability among nulliparous women. The literature on fecundability of
underweight women has reported mixed findings. Studies reported that underweight women
had longer TTP (Hassan and Killick, 2004; Gesink Law et al., 2007), but others have shown
no association (Wise et al., 2013; McKinnon et al., 2016). In our study, we could not
confirm this association but there was some suggestion of decreased fecundability among
underweight women as shown by the effect estimate of FR<1. Other than using BMI as the
surrogate measure of body fat, we provide new evidence showing that higher levels of
subcutaneous fat and TBF% were associated with longer TTP.

The association between high adiposity and reduced fecundability has biological plausibility.
Excess body fat has profound effects on reproductive hormone secretion and metabolism
(Talmor et al., 2015; Fontana and Torre, 2016). Increased adiposity may elevate luteinising
hormone levels, raise the androgen-to-oestrogen ratio and alter endocrine milieu, which in
turn impairs folliculogenesis and follicular atresia (Talmor et al., 2015). An abnormal
lipoprotein metabolism, high levels of fat and inflammation in the fluid surrounding oocytes
of obese women can also adversely affect oocyte development and quality, as well as uterine
receptivity (Talmor et al., 2015; Fontana and Torre, 2016).

Only few studies have investigated the association between central obesity and fecundability,
and results are inconsistent across studies (Wise et al., 2010; Wise et al., 2013; McKinnon et
al., 2016). A prospective cohort among black women reported that larger WC (=84 c¢cm) or
WHR (=0.85), independent of BMI, was associated with decreased fecundability (Wise et
al., 2013). Another American prospective cohort found that the inverse associations of both
WC and WHR with fecundability were attenuated after adjustment for BMI (McKinnon et
al., 2016). In contrast, a Danish population-based prospective cohort showed no associations
for WC and WHR with fecundability before BMI adjustment, but observed unexpected
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positive associations after adjustment for BMI (Wise et al., 2010). In this Asian cohort, we
applied WHtR and ABSI that take body size into account.We consistently found no evidence
of association for WC, WHR, WHtR or ABSI with fecundability. However, whether the
present findings differ from other Asian populations should be studied further. It is possible
that abdominal adipocytes are not similarly hormonally active across populations.

Conception rates in this study were lower than in other studies of natural conception, where
about 50% and 70% women have reported a pregnancy after 6 and 12 cycles of pregnancy
attempts, respectively (Wise et al., 2010; McKinnon et al., 2016). This finding may be
explained by factors such as lower coital frequency in the local population despite intending
to get pregnant, or that we did not exclude women and couples who had subfertlity issues.
Most women (63.3%) had tried to conceive before entering the study. Some entered the
study after months of unprotected intercourse without achieving a successful pregnancy;,
suggesting tendency to have had impaired fertility, whether due to themselves or their
spouse.

Our results may be imprecise due to a small sample size, but were consistent with those of
prior literature reporting on BMI and fecundability. The present analysis was confined to
planned pregnancies, which could limit generalizability of findings to non-planned
pregnancies, estimated at around 44% in Singapore (Cheng et al., 2016). This may result in
bias if pregnancy intention was related to both exposures studied (i.e. weight status and
adiposity) and fecundability. We had no information for the date of LMP on a monthly basis
to validate the accuracy of reported menstrual cycle length. The assessment of cycles at risk
was based on the participants’ recall of cycle length at baseline, which might introduce error
for TTP estimation. Measures of exposures and covariates such as cycle length were not
performed repeatedly over time; cycle length might have changed during the period before
getting pregnant. We also did not collect data on ovulation monitoring, timing and frequency
of intercourse, therefore not able to do the adjustment in the analysis. Though timed
intercourse may increase conception rates, ovulation prediction is challenging and has been
associated with stress (Pfeifer et al., 2017). In addition, we had no information on paternal
age and BMI. It has been suggested that by controlling maternal age, which is strongly
correlated with their partner’s age (Mutsaerts et al., 2012), it should be able to reduce the
extent of confounding (Wise et al., 2013). Increasing paternal BMI has been shown to
negatively affect fertility (Liu and Ding, 2017). Lack of controlling for this variable might
potentially overestimate the association between maternal BMI and fecundability in this
study. Nonetheless, several studies have indicated no associations between paternal BMI and
fecundability (Wise et al., 2010; Mutsaerts et al., 2011). The proportion of women who had
been excluded tended to have lower educational level and irregular cycle. We controlled for
education but not cycle regularity in the analysis as it did not substantially change the
association between anthropometry and TTP.

The main strength of this study was the prospective study design, where the anthropometric
and covariate data were collected before the occurrence of pregnancy, thereby reducing
potential for differential exposure misclassification. Detailed measurements of
anthropometry and body composition especially air displacement plethysmography (BOD
POD) were performed in this study, which enabled us to have a more comprehensive
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examination of body fat with fecundability. Most women were enrolled at the beginning of
their attempts to conceive, with 65% of women having less than 3 months of attempt time at
entry into the study. This helps to reduce potential reverse causality, i.e. weight loss effort
made by women who had more pregnancy attempts at study entry, to improving their
fertility as risk factor. However, it has been reported that BMI tends to remain stable within a
6-month interval (McKinnon et al., 2016), as supported by previous studies showing
consistent findings between weight status and fecundability across categories (<2 and 3-6
cycles) of attempt time at study entry (Wise et al., 2010; McKinnon et al., 2016).

In conclusion, in this Asian prospective cohort, we found an association between increased
overall adiposity and delayed TTP among women, particularly evident for nulliparous
women. This finding is especially relevant in Singapore where the population is facing an
obesity epidemic (Phan et al., 2014) and fertility problems (Singapore Department of
Statistics, 2017). Attaining optimal weight or achieving meaningful weight loss/fat loss
preconceptually may be a targeted intervention to improve female fertility (Talmor et al.,
2015). This represents one of the great challenges that requires persistent and sustainable
efforts to be taken up at population and individual levels.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Eligible women

n=641
e Unknown date of baseline last menstrual
period (n=6)
e Implausible information on date of
baseline last menstrual period (n=21)
n=614
e Unknown menstrual cycle length (n=11)
e Implausible information on menstrual
cycle length (n=2)
n=601
Did not complete follow-up questionnaire
(n=10)
n=591
Attempted to conceive before study entry
for >6 months (n=107)
n=484
Missing data on main exposure variable
and covariates:
¢ Body mass index (n=1)
e Age at menarche (n=5)
e Physical activity (n=1)

Women included in present analysis
n=477

Figure 1.
Flowchart of the study.
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Figure 2.
Association between body mass index and fecundability ratio, fitted by restricted cubic

spline. Reference level for fecundability ratio is a BMI of 22 kg/m2. The curve is adjusted
for age, ethnicity, education, parity, cycle length and waist-to-hip ratio.

Hum Reprod. Author manuscript; available in PMC 2019 May 01.



Page 15

Loy et al.

¥10°0 (%) u "axfejul Joyod|y
(56) L (Ten) 21 (9'22) ¢s (zoe) et (281) 68 s1eah €T<
(9vv) €€ (8€s) 0L (8'%5) 921 (T'89) 5¢ (ceg) vse sieak £1-21
(6'sv) ¥€ (Tee) ev (9'22) ¢5 (CRANKS] (T'82) ¥eT sreak 21>
T00'0> (%) u ‘aydseusw Je aby
(9vv) €€ (coe) v (r0€) 0L (6220 et (0%€) 29t skep og<
(e'Lv) s€ ('sv) 65 (6°€9) veT (189) 52 (6'09) eve skep 0e-82
(T8)9 (s81) v2 (LsT) 9¢ (ov1) 9 (X519 K4] skep gz>
2970 (%) u,‘ybus) 81940
(6'TY) 1€ (Tee) ev (2'82) 99 (9go) 1T (2'1€) 18T JejnBau|
(T'89) ev (6'99) /8 (e'12) ¥9T (rvL) ze (e'89) 9z tejnBay
GST'0 (%) u Qé:m_:m& 319AD
(229) 6€ (8'0v) €5 (6'08) L (coe) et (6'9¢) 9.1 sno.ed
(e'Lv) se (z69) L2 (1'69) 65T (8'69) 0€ (T€9) T0E snoedi|InN
5000 (%) u ‘Aired
(59¢) L2 (8'0) 26 (822) 6T ('88) 8¢ (roL) 9g€ Arenal
(5€9) L (z62) 8¢ (zze) 18 (911) 8 (9'62) TvT Ayerus)-uoN
T00°0> (%) U ‘|aAs] uo1eanpa 1saybiH
9 v (12 (s 0 (€ 1r XIN
(912) 91 (§TT) 5T (029t (one (s01) 05 uelpuj
(L'g2) 6T (¥'s1) 02 (Lg) et (Lv)e (e'1T) ¥§ Reren
(e'Lv) ge (5T2) €6 (z'58) 96T ('88) 8¢ (6'5L) 29 asauIyd
1000> (%) u ‘Auoruyp3
(zzn) e (s81) v2 (211) 22 (Lv)e (0er) 29 GE=
(7'15) 8¢ (c9v) 09 (e'75) 81T (5e9) €2 (T09) 6€C v€-0€
(59¢) L2 (¥'e) v (02€) s8 (6'TY) 8T (6'9g) 9.1 oe>
8/€0 (%) u ‘(steak) aby
ed  (=U)guzz  (0eT=u)vizer  (0Ee=U) 6Te-G8T  (ev=U)GET>  (LLp=U) feloL sonstisloRIRyD

-W/0 "xapul ssew Apog

(LL¥=V) £T02-ST0Z ‘Apnis O1S3Hd-S ‘Xapul ssew Apoq Ag UsWOM J0 solIsIaloRIRYD

® Europe PMC Funders Author Manuscripts

I 91qeL

® Europe PMC Funders Author Manuscripts

Hum Reprod. Author manuscript; available in PMC 2019 May 01.



Page 16

Loy et al.

'sisAeue pue Buissadoud eyep 1oj sauljapind alreuuonsan® ALANIY [edISAYd [euolreulslu] ayl 03 Buipiodde payisse|d

17

‘poriad 1xau 8y} J0 LIS ay) pue poriad sUO JO LIS aY) UBaMIBQ S819Ad |ensn Jo abuel ay) woly paindwod sem yibus| 810Ao abeiane sy a1sym auljased e ejep paliodai-§|as uo pased

‘syjuow 9 1sed ayy ul sporiad Usamiag sAep G uey aiow Aq Burien se paulyap sem 8949 Jejnfialil a1aym eyep pariodal-4|as uo paseq

q
10exa S,13ysi4 uo paseq n_m

‘AiAnoe [eaisAyd Buioueyus yijeay ‘Yd3H ‘SawoainO pliyd pue feusrew wia) -buoj jo Apms uondasuod3yd alodebuls ‘01S3Hd-S

(z6¢€) 62 (8€€) vv (9ze) 5L (92e) v1 (0've) 291 3NINOE VdIH
(009) L€ (e'28) 89 (e'19) 81T (8'38) ¥z (8'19) L¥T annoe Ajlewiunin
(gom) 8 (ger) 81 (To1) L€ (911) 8 (e'v1) 89 aAoEU|
016°0 (%) :h,b_é% [ea1sAyd
(L62) 2T (zom) 12 (e12) 67 (Lve (L67) v6 EIN
(e0L) 25 (8'€8) 60T (2'82) 181 (e'96) T (€08) €8¢ ON
7000 (%) u ‘aunsodxa Bupjows
(T'se) 9z (805) 99 (6'€9) et (829) LT (605) eve EIN
(6'v9) 8 (z'6v) ¥9 (T'9v) 901 (z'2€) 91 (T6v) veT ON
ed  (=U)gizz  (gT=U)vizec  (0s2=U)672-58T (sv=u)§'BT>  (LLv=u) je0L sonsaoeIeyD

;W/bX "xapul ssew Apog

® Europe PMC Funders Author Manuscripts

® Europe PMC Funders Author Manuscripts

Hum Reprod. Author manuscript; available in PMC 2019 May 01.



s1dLIOSNUBIA JoLINy sispund JINd 8doin3 g

s1duosnuBIA Joyiny sispund JINd edoin3 g

Loy et al.

Anthropometric measures of participants, S-PRESTO study, 2015-2017

Anthropometric measures n Mean (SD)
Body mass index (kg/m?) 477 23.42 (4.96)
Sum of skinfold thickness (mm) 471 72.56 (24.43)
Total body fat (%) 386  33.61(8.75)
Waist circumference (cm) 475  82.56 (10.94)
Waist-to-hip ratio 475  0.86 (0.06)
Waist-to-height ratio 475 0.52 (0.07)
A Body Shape Index (m¥/6 /kg?3) 475  0.080 (0.005)

S-PRESTO, Singapore PREconception Study of long-Term maternal and child Outcomes; SD, standard deviation
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