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Abstract

Background—Obesity compromises metabolic health and female fertility, yet not all obese
women are similar in metabolic status. The extent to which fecundability is influenced by the
metabolic health status of women who are overweight or obese before conception is unknown.

Objective—This study aimed to (1) determine the metabolic health status and (2) examine the
association between metabolic health status and fecundability of overweight and obese women
trying to conceive in the Singapore PREconception Study of long-Term maternal and child
Outcomes (S-PRESTO) cohort study.

Study Desigh—We conducted a prospective preconception cohort study of Asian women
(Chinese, Malay and Indian) aged 18 to 45 years trying to conceive who were enrolled from
2015 to 2017 in KK Women’s and Children’s Hospital, Singapore (n=834). We defined women
to have metabolically unhealthy status if they had: (1) three or more modified Joint Interim
Statement metabolic syndrome (MetS) criteria; or (2) homeostasis model assessmentinsulin
resistance (HOMA-IR) index =2.5. Body mass index was categorized as normal (18.5-22.9 kg/
m?2), overweight (23-27.4 kg/m?) or obese (=27.5 kg/m?) based on the cut-off points for Asian
populations. Fecundability was measured by time to pregnancy in menstrual cycles within a
year of enrolment. Discrete-time proportional hazards models were used to estimate fecundability
odds ratios (FRs), with adjustment for confounders and accounting for left truncation and right
censoring.

Results—Of 232 overweight women, 28 (12.1%) and 25 (10.8%) were metabolically unhealthy
by MetS =3 criteria and HOMA-IR >2.5, respectively. Of 175 obese women, 54 (30.9%) and
93 (53.1%) were metabolically unhealthy by MetS =3 criteria and HOMA-IR >2.5, respectively.
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Compared with metabolically healthy normal weight women, lower fecundability was observed
in metabolically unhealthy overweight women based on MetS criteria [FR 0.38 (95% confidence
interval 0.15, 0.92)] and HOMA-IR [0.68 (0.33, 1.39)], with MetS criteria showing a stronger
association. Metabolically unhealthy obese women showed lower fecundability than the healthy
normal weight reference group, by both MetS (0.35; 0.17, 0.72) and HOMA-IR criteria (0.43;
0.26, 0.71). Reduced fecundability was not observed in overweight or obese women who showed
healthy metabolic profiles by either definition.

Conclusion—Overweight or obesity was not synonymous with having metabolic syndrome or
insulin resistance. In our preconception cohort, metabolically unhealthy overweight and obese
women showed reduced fecundability, unlike their counterparts who were metabolically healthy.
These findings suggest that metabolic health status, rather than simply being overweight and obese
per se, plays an important role in fecundability.

Keywords

conception; fertility; insulin resistance; lipids; metabolic syndrome; overweight; obesity;
pregnancy planning; time to pregnancy

Introduction

A new population forecast for the end of the century predicts that most countries around the
world will face a marked reduction in total fertility rates (TFRs), resulting in unsustainability
of their current population levels.! This issue is pertinent to Singapore given a TFR of

1.1 reported in 2020.2 Chronic diseases or metabolic disorders which are increasing in
prevalence worldwide, including diabetes or dysglycemia, hypertension and dyslipidemia,
have each been associated with impaired fertility or longer time to pregnancy (TTP).3-6
Instead of considering each individual component separately, utilizing a cluster of metabolic
risk markers in metabolic syndrome (MetS) has been suggested as a better way of
identifying women at increased risk of delayed conception.” However, the association
between MetS and TTP among women trying to conceive has not been well studied.

Although obesity increases a predominant risk factor for metabolic dysfunction and chronic
diseases, not everyone who is obese experiences metabolic complications.8 This subset

of individuals has been considered metabolically healthy,® although other studies have
questioned this concept.1? Given that overweight and obese women have a longer TTP,11-14
this raises the question of whether variations in metabolic health among overweight and
obese women play a role in influencing their experience of delayed conception. Thus far,
the extent to which fecundability is influenced by the metabolic health status of women
who are overweight or obese while trying to conceive remains unknown. This has important
implications for health policies and clinical care in the era of precision medicine, where
susceptible individuals can be prioritized for intervention and provided with individualized
treatment. To date, there is no universally accepted definition of metabolic health. Most
studies define metabolic health using MetS components including waist circumference
(WC), blood levels of triglyceride (TG), high-density lipoprotein cholesterol (HDL-C),
fasting glucose (FG) and blood pressure (BP); many others define it using the homeostasis
model assessment-insulin resistance (HOMA-IR) score.%15
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Using data from the Singapore PREconception Study of long-Term maternal and child
Outcomes (S-PRESTO), we (1) determined the metabolic health status of overweight or
obese Asian women who were trying to conceive, and (2) examined whether fecundability
as measured by TTP was influenced by the metabolic health status of these overweight or
obese women.

S-PRESTO (ClinicalTrials.gov, NCT03531658) is a prospective preconception cohort study
designed to examine the long-term influences of events occurring before and during early
pregnancy on mother-offspring metabolic and mental health.18 The participants recruited
were Asian women of Chinese, Malay or Indian ethnicity attempting to conceive within the
next 12 months and aged between 18-45 years. Those with known Type 1 diabetes or Type
2 diabetes, had been taking anticonvulsant medication, oral steroids or receiving assisted
fertility treatment in the past one month were excluded. Women with newly diagnosed
Type 2 diabetes at study baseline were included. Recruitment was between February 2015
and October 2017. This study was conducted according to the guidelines laid down in

the Declaration of Helsinki. Ethics approval was obtained from the SingHealth Centralized
Institute Review Board (reference 2014/692/D). All participants provided written informed
consent.

Study procedure

During the baseline visit, a face-to-face interview was conducted by the research staff in
the S-PRESTO cohort center at KK Women’s and Children’s hospital (KKH) to collect
information on sociodemographic characteristics, obstetric history and lifestyle factors. This
was followed by measurements of weight, height, WC, BP and fasting blood collection.

At the end of the clinic visit, women were provided with home urinary pregnancy test

kits (Biotron Diagnostics, USA) capable of detecting the beta subunit of human chorionic
gonadotropin at a detection limit of 25 mlU/ml, and were reminded to perform the
pregnancy test if their expected menstrual period was delayed by 3-4 days, or two weeks
after unprotected intercourse. Women were asked to contact the research staff if they had a
positive pregnancy test, so that an ultrasound scan could be scheduled to confirm a clinical
pregnancy. Research staff contacted women after 6, 9 and 12 months of recruitment to track
pregnancy status if no update was received. Those who did not conceive within one-year of
recruitment (n=433) or were lost to follow-up (n=13) were withdrawn from the study.

Anthropometric measurements and blood collection

Weight was measured using a SECA 803 weighing scale (Hamburg, Germany) to the
nearest 0.1 kg; height was measured using a SECA 213 stadiometer (Hamburg, Germany)
to the nearest 0.1 cm. WC was measured using a SECA 212 non-stretchable measuring
tape (Hamburg, Germany), at the uppermost lateral border of the ilium. Anthropometric
training and standardization sessions were conducted every three months, with details

of interobserver technical error of measurement and coefficient of variation reported
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elsewhere.19 BP was measured at the right upper arm using a semi-automatic blood pressure
monitor (Microlife BP 3AS1-2). All measurements were taken in duplicate and averaged.

Fasting blood sample was collected at the same visit for measurements of TG, HDL-C,
FG and insulin. TG and HDL-C were measured by colorimetric and enzymatic methods,
respectively (Beckman AU5800). FG was measured by hexokinase method (Abbott
Architect ¢8000) and insulin by sandwich immunoassay (Beckman DxI 800). HOMA-IR
was calculated as FG (mmol/L) x fasting insulin (uU/mL)/22.5.20

Assessment of metabolic health

We used two definitions to separately classify women as having metabolically unhealthy
status (MUS): (1) MetS criteria =3; (2) HOMA-IR =2.5. MetS was determined by the
global definition using WC for Asians, with three or more of the following criteria:16:17

(1) WC =80 cm; (2) TG 21.7 mmol/L; (3) HDL-C <1.3 mmol/L; (4) FG =25.6 mmol/L;

and (5) BP =130/85 mmHg, or on treatment. The criteria used were modified from the
International Diabetes Federation (IDF) 2006 definition for MetS, as described by the Joint
Interim Statement in 2009.18 A cut-off of 2.5 was selected for HOMA-IR as it represents
the 90™ percentile level among women with normoglycemia, defined by the World Health
Organization (WHO) 2006 criteria.?! Further, the value of 2.5 was consistent with previous
studies utilizing HOMA-IR alone to define metabolic health.1> Women with metabolically
healthy status (MHS) were defined separately by having (1) <2 MetS criteria or (2) HOMA-
IR <2.5.

Assessment of pregnancy and TTP

Pregnancy was initially identified from a positive urinary pregnancy test, followed

by ultrasound scan confirmation of an intrauterine gestational sac after six weeks of
amenorrhea. In the event where an ultrasound scan was not available or inconclusive,
diagnosis of pregnancy was made clinically. The TTP was estimated by the number of
menstrual cycles required to achieve a pregnancy over one-year of follow-up. This was
calculated based on the interval between the dates of last menstrual period (LMP) at
recruitment and before conception (for pregnant women) or last follow-up call (for censored
women). The interval was then converted to cycles by dividing by the average cycle length,
which was obtained from the reported minimum and maximum lengths of usual cycles at
baseline. If women were uncertain of their cycle lengths or had irregular cycles (periods
that varied by more than five days in the past six months), we used data from a follow-up
questionnaire asking again about cycle length and LMP dates to verify or estimate cycle
lengths. The TTP was calculated as the total discrete cycles-at-risk of pregnancy: (days of
conception attempt 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.5:14

Assessment of confounders

Maternal age was calculated from the date of birth and grouped as <35 and =35 years,
and was included in the analysis as a continuous variable. Ethnicity was based on self-
reported parental ethnic group and coded as Chinese, Malay, Indian or mixed ethnicity.
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Education was assessed by the highest attainment of academic level, classified as below,

or at/above tertiary levels. Physical activity was evaluated using the short form of the
International Physical Activity Questionnaire.22 Women were classified into three groups
(inactive, minimally active and active) based on the metabolic equivalent task scores in
minutes (MET-minutes).23 Smoking exposure was defined as any active or passive cigarette
smoking. Alcohol intake was assessed based on the consumption of any alcoholic beverage
in the past three months. BMI was calculated as weight (kg)/ height (m)?, classified as
18.5-22.9 (normal), 23-27.4 (overweight) and =27.5 kg/m? (obese) using thresholds for
Asian populations.24 Given that underweight women with BMI <18.5 kg/m? (n=78) were
not the target group in this study and none of them presented with MUS, we therefore
excluded them from the present study.

Statistical analysis

We compared characteristics between women with MHS and MUS, as defined by MetS and
HOMA-IR criteria using Pearson’s chi-squared tests or Fisher’s exact tests for categorical
variables, and independent t-tests or Mann-Whitney tests for continuous variables. To
estimate fecundability odds ratios (FRs) and 95% confidence intervals (Cls), accounting
for left truncation and right censoring, we used discrete-time proportional hazards models
analyzing TTP as a discrete scale based on the number of menstrual cycles.2526 The FR
represents the odds of conception among exposed women compared to unexposed women. A
FR <1 indicates reduced fecundability with longer TTP, while a FR >1 indicates increased
fecundability with shorter TTP. To account for left truncation, we based risk sets only on
observed cycles-at-risk, i.e. cycles of conception attempt while participating in the study.
Data were censored when women (i) had not conceived after one year from the recruitment,
(i) initiated fertility treatment, (iii) were lost to follow-up or withdrew from the study,
whichever occurred first.

We used a directed acyclic graph to guide the selection of potential confounders to control
for, based on a common cause influencing both metabolic health and fecundability.#6.7.14
The selected potential confounders were age, ethnicity, education, smoking exposure,
alcohol intake, physical activity and BMI. We performed additional separate models

with and without adjustment for BMI to assess the contribution of metabolic variables

on fecundability independent of overall adiposity as indicated by BMI. Multicollinearity
was measured by variance inflation factors (VIFs) in the models with adjustment for

BMI. VIFs <2 were observed across models, indicating the absence of multicollinearity
between variables. We subsequently tested interactions between MHS/MUS and BMI on
fecundability, by introducing each of the cross-product term of MHS/MUS (by MetS

and HOMA-IR) and BMI into the fully adjusted formal models. To examine whether
fecundability differed by MHS/MUS and BMI, we performed discrete-time proportional
hazards model on women who had been classified into six mutually exclusive groups,
namely (1) normal weight with MHS, (2) normal weight with MUS, (3) overweight with
MHS, (4) overweight with MUS, (5) obesity with MHS and (6) obesity with MUS; normal
weight with MHS (group 1) served as the reference group. For the main finding, BMI
categories were based on the cut-offs for Asian populations, i.e. 18.5-22.9 (normal), 23-27.4
(overweight) and >27.5 kg/m? (obese). For comparison with other non-Asian populations,
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additional analysis was performed using BMI at 18.5-24.9 (normal), 25-29.9 (overweight)
and =30 kg/m? (obesity) based on the conventional WHO classification.2”

In view of the possibility that women who had been attempting to conceive for a long period
might have a medical cause for infertility, we performed sensitivity analyses excluding
women who had been attempting conception for more than 3 months (n=350), 6 months
(n=232) and 12 months prior to study entry (n=122). This would help to consider for
varying lengths of conception attempts before study entry and exclude potential cases with
underlying pathologies for female and male infertility, given that one-year is a typical

length of time after which couples seek infertility treatment. In the sensitivity analysis,

we also excluded women with self-reported known polycystic ovarian syndrome (PCOS;
n=9). Statistical analyses were conducted using the Stata Statistical Software, Release 16
(StataCorp, College Station, TX, USA).

Participant characteristics

Supplemental Figure 1 shows the participant recruitment flowchart. We included a final
sample of 834 women in this study, where 365 (43.8%) conceived naturally during the one-
year follow-up and 469 (56.2%) were censored (433 did not conceive, 13 initiated fertility
treatment, 13 lost to follow-up or self-withdrew). There were 256 (30.7%) and 349 (41.8%)
women who achieved a pregnancy within 6 and 12 cycles of follow-up, respectively. The
number of pregnancies by cycle over one-year was shown in Supplemental Figure 2.
Compared with excluded women (n=198), included women were similar in majority of

the demographic and lifestyle characteristics, except they were older and less likely to be
overweight (Supplemental Table 1).

Participant characteristics based on metabolic health status are presented in Table 1. Of 834
included women, 85 (10.2%) and 123 (14.7%) were classified as MUS, defined by MetS
=3 criteria and HOMA-IR =2.5, respectively. In total, there were 154 (18.5%) women who
met the criteria of MUS by MetS =3 criteria and/or HOMA-IR =2.5. Women with MUS

as defined by MetS =3 criteria and/or HOMA-IR >2.5 were more likely to be of Malay or
Indian ethnicity, to have attained a lower level of education, to have higher BMI, to spend
longer time trying to conceive at study entry and to be exposed to cigarette smoke, but were
less likely to consume alcohol in the past three months prior to conception, compared to
their counterparts with MHS. The median duration of TTP in women with MUS (vs. MHS)
by MetS =3 criteria and HOMA-IR =2.5 was 9 cycles (vs. 4 cycles) and 5 cycles (vs. 4
cycles), respectively.

Classification of participants by metabolic health status and BMI categories

Of 175 obese women, 54 (30.9%) and 93 (53.1%) were identified as unhealthy by MetS >3
criteria and HOMA-IR >2.5, respectively; while 43 (24.6%) met the criteria as unhealthy
by both definitions (Table 1). Obese women were more likely to be identified as unhealthy
by HOMA-IR than MetS criteria. Of 232 overweight women, 28 (12.1%) and 25 (10.8%)
were identified as unhealthy by MetS >3 criteria and HOMA-IR >2.5, respectively, with 11
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(4.7%) of them who met the criteria as unhealthy by both definitions (Table 1). A subgroup
of 32 overweight and one obese women were free of any metabolic risk component and
HOMA-IR was <2.5.

of metabolic health and its components with fecundability

As shown in Table 2, women with MUS based on MetS and HOMA-IR criteria showed
lower FR of 0.36 (95% CI 0.21, 0.63) and 0.39 (0.25, 0.62), respectively, compared with
women with MHS. Based on the individual components of MetS, lower fecundability was
observed in women with raised TG (FR 0.42 (0.23, 0.78)), raised FG (0.45 (0.20, 1.03)),
raised BP (0.57 (0.28, 1.17)), reduced HDL-C (0.88 (0.68, 1.12)) and high WC (0.94 (0.73,
1.21)); raised TG was associated with the greatest reduction in fecundability. Compared with
the absence of any metabolic risk marker, the FR for each additional MetS component was
1.08 (0.83, 1.38) for one component, 0.91 (0.64, 1.29) for two components, 0.35 (0.18, 0.69)
for three components and 0.35 (0.11, 1.15) for four or more components.

between metabolic health status and fecundability by BMI categories

We observed significant interactions between MHS/MUS and BMI on fecundability (MetS
or HOMA-IR: P-interaction <0.001). Compared with the healthy normal reference group,
obese women with MUS showed lower fecundability, either by using MetS >3 criteria

(FR 0.35 (0.17, 0.72)) (Figure 1a) or HOMA-IR =2.5 (0.43 (0.26, 0.71)) (Figure 1b). In
contrast, obese women with MHS based on HOMA-IR <2.5 showed higher fecundability
than the healthy normal weight women (1.57 (1.09, 2.25)) (Figure 2b). Similar findings were
observed when obesity was defined using the conventional WHO criteria at BMI =30 kg/m?
(Supplemental Figure 3).

Overweight women with MUS showed lower fecundability compared with the healthy
normal reference group, based on MetS =3 criteria (0.38 (0.15, 0.92)) (Figure 1a) and
HOMA-IR 22.5 (0.68 (0.33, 1.39)) (Figure 1b); MUS defined by MetS =3 criteria was
associated with a greater reduction in fecundability than HOMA-IR =2.5. For overweight
women with MHS, their fecundability was comparable to healthy normal weight women,
regardless of the metabolic definition used (MetS <2 criteria: 0.89 (0.69, 1.15); HOMA-

IR <2.5: 0.84 (0.64, 1.09)) (Figure 1a; Figure 1b). There was a trend towards higher
fecundability in this group of women, compared with the healthy normal weight group when
the WHO criteria for BMI (25-29.9 kg/m?) was used (MetS <2 criteria: 1.49 (1.12, 1.99);
HOMA-IR <2.5: 1.35 (1.00, 1.83)) (Supplemental Figure 3).

Normal weight women with MUS showed a trend of lower FR compared with the healthy
normal weight group, regardless of how the metabolic health was defined or which BMI
cut-offs were used. However, the samples size was restricted to only three women with MUS
based on BMI 18.5-22.9 kg/m? and 14 women with MUS based on BMI 18.5-24.9 kg/m?.

We observed similar findings when sensitivity analyses were performed including only
women with an attempted time to conceive of no more than three months (n=484), six
months (n=602) or 12 months (n=712) prior to study entry (Supplemental Table 2), or when
including women without reported PCOS (n=825) (Supplemental Table 3).
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Comment
Principal findings

Of 232 overweight women, 28 (12.1%) and 25 (10.8%) were metabolically unhealthy by
MetS =3 criteria and HOMA-IR >2.5, respectively. Of 175 obese women, 54 (30.9%)

and 93 (53.1%) were metabolically unhealthy by MetS >3 criteria and HOMA-IR >2.5,
respectively. Among the five MetS components, raised TG showed the strongest association
with reduced fecundability. MUS was associated with approximately 60% reduction

in fecundability. Upon further stratification by BMI status, obese women with MUS
consistently showed lower fecundability compared with normal weight women who were
metabolically healthy, using either definition of metabolic health. For overweight women
with MUS, greater reduction in fecundability was observed in those defined by MetS than
HOMA-IR. Both overweight and obese women with MHS were protected from reduced
fecundability over a one-year follow-up, suggesting a pivotal role for metabolic health,
rather than BMI per se, with fecundability.

Results in the context of what is known

Traditionally, BMI was understood to have a bimodal effect on the relative risk of

ovulatory infertility, with the risk of infertility being highest at the two extremes of

BMI.28 However, BMI assessment alone is inadequate in determining metabolic health.
There are clear biological differences between individuals with MHS and MUS. Obese
individuals with MHS demonstrate lower visceral fat, preserved insulin sensitivity and better
cardiorespiratory fitness than those with MUS.2% Our data support an impact of metabolic
health on fertility. This is evidenced by our findings showing reduced fecundability in
overweight and obese women with MUS, but not in those with MHS. The presence of MetS
components has been associated with reduced fecundability and increased TTP,34:7 which is
likely due to the adverse impact on ovarian response and oocyte competence. A detrimental
metabolic profile is associated with a chronic inflammatory state, which may compromise
embryo development, implantation and endometrial receptivity, with poor reproductive
outcomes.2:30 This is accompanied by increased oxidative stress and reactive oxygen
species that can reduce oocyte quality and quantity, fertilization and embryo quality.® Insulin
dysregulation has also been shown to disrupt ovarian function,3! contributing to lower
fecundability in women with raised HOMA-IR. A milieu of increased ovarian follicular fluid
insulin, TG, lactate, and C-reactive protein levels was associated with poorer reproductive
outcomes in obese women.3!

Further stratification based on BMI reveals a potentially important difference in the utility
of these two definitions in defining metabolic health and their association with fecundability.
In obese women, HOMA-IR appears as a more sensitive approach than MetS in determining
metabolic ill-health that impacts on fecundability. This may be because in an early stage

of insulin resistance, FG may not yet be impaired and hence some obese women may be
erroneously deemed as metabolically healthy based on MetS criteria. Lifestyle interventions
targeting healthy diet such as increasing fruit and vegetable intake and promoting physical
activity either moderate- or high-intensity exercise are potential approaches to improving
insulin sensitivity and lowering insulin resistance.32:33 This is crucial in counselling obese
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women who found to be insulin resistant, as reducing their HOMA-IR potentially reverses
their subfertility.

Clinical implications

In addition to routine measurement of primary anthropometric indices such as weight and
BMI, the present findings suggest that additional profiling of metabolic health status may
be a valuable element in preconception care. This represents a paradigm shift towards
holistic management, away from the traditional advice of weight loss and optimizing BMI
alone. Future research is required to determine whether steps to improve metabolic health
of overweight or obese women can indeed improve fecundability. Modifying metabolic
risk factors and improving metabolic health, by means of lifestyle modifications aim at
reducing BP, normalizing dyslipidemia, reducing FG and/ or weight loss, has far-reaching
implications. Even if these women remain in the same BMI category, reversing their
metabolic health status from unhealthy to healthy is likely to be beneficial to improving their
fecundability in short-term, and reducing their risk of subsequent pregnancy complications
and vascular disease development in long-term.3%:36 For women who are metabolically
healthy, education on keeping a healthy lifestyle to maintain a healthy metabolic profile is
required for preventing the transition from healthy to unhealthy status.3®

Strengths and limitations

The main strength of this study was the prospective cohort design that began from
preconception, with recruitment from community and hospital settings, such that women
trying to conceive naturally were assessed before conceiving and followed until pregnancies
which were clinically confirmed by ultrasound. This would have improved measurement
accuracy and reduced recall bias. In analyzing the metabolic health of participants using
both MetS criteria and HOMA-IR, this study provides new insights into the potential

of applying different screening criteria for metabolic health by BMI categories during
preconception care. Although this study excluded women with known pre-existing diabetes
at baseline, the inclusion of those with newly diagnosed Type 2 diabetes suggests that the
findings could be generalized to population with diabetes given that these new cases of
diabetes were all presented with MUS.

The study has several limitations. The assessment for metabolic health indicators was cross-
sectional at baseline, and these measures were not repeated over the preconception follow-up
period. Consequently, women may have had a different weight and metabolic profile at

the time of conception. Given that overweight women with MHS tended to have increased
fecundability compared to the reference group, it is possible that these women were most
likely to modify their lifestyle, lose weight and maintain healthy metabolic profile during
the follow-up, thereby improving fecundability. HOMA-IR values should be cautiously
interpreted; a cut-off of 2.5 was taken as it was the 90t centile level among normoglycemia
women in this cohort. Although the value is comparable to previous studies,® it may not be
applicable to other populations as inherent degrees of insulin resistance may differ among
populations.3” Applying our findings to individual clinical practice would require adapting
it to the unique range of HOMA-IR in the local patient population, given that our study
population is of Asian women planning to conceive.
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The low conception rate of 44% after one year of natural conception suggests a potential
selection bias with recruitment by virtue of our preconception study design and targeting
women in the community. The most fertile women would not have had time to consider
joining the cohort study before conceiving. Thus, inadvertently, women tending to have

a lower fertility than the general population presented for recruitment. Furthermore, we
cannot exclude the possibility that some women might have temporarily stopped or delayed
their conception attempts mid-study without informing the research team, while others
might not have engaged in frequent sexual intercourse despite expressing an intention

to conceive. Thus, the number of cycles at-risk might be overestimated, leading to a

low overall conception rate. A limitation of our study is that the frequency of sexual
intercourse and ovulation timing were not recorded, restricting our ability to verify the
cycles at-risk. Further, menstrual cycles were estimated rather than accurately observed;
this might introduce error in calculating cycles at-risk and potentially miss early pregnancy
losses which could overestimate the fecundability outcome. Hence, the findings should

be interpreted cautiously. Nonetheless, the low conception rate observed in this study is
consistent with the relatively low TFR in Singapore, and comparable to the conception rate
(42% after 12 cycles of conception attempts) among women trying to conceive in China.38

Underweight participants were not included in this study since they were not the target
group based on the study aim and none were MUS as defined by either MetS =3 or
HOMA-IR =2.5 criteria. However, the metabolic profile of the underweight women could
be examined in future larger cohorts that are specifically designed to address this topic, to
provide insights on whether metabolic health screening is required as part of fecundability
assessment in this group.

Conclusions

Overweight or obesity was not synonymous with having MetS or insulin resistance. Reduced
fecundability was evident in overweight and obese women with MUS, but not in those
similarly overweight and obese women with MHS. These findings suggest that metabolic
health status, rather than simply being overweight and obese per se, plays an important

role in fecundability. In addition to routine measurement of body mass index, assessment of
metabolic profile may be a valuable element in preconception care.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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AJOG at a Glance
Why was this study conducted?

Obesity compromises metabolic health and female fertility, yet not all obese women
have a similar metabolic status. The extent to which fecundability is influenced by the
metabolic health status of overweight or obese women while trying to conceive is poorly
understood.

What are the key findings?

Metabolically unhealthy overweight and obese women showed reduced fecundability,
unlike their counterparts who were metabolically healthy.

What does this study add to what is already known?

This study presents new evidence that overweight and obese women who were
metabolically healthy did not have reduced fecundability when trying to conceive over
one-year. Determining metabolic health status, rather than relying on body mass index
per se, enhances our understanding of the relationship of adiposity with fecundability,
highlighting the importance of metabolic health screening during preconception care,
alongside body weight assessment.
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Figure 1.

Forest plots showing fecundability odds ratios according to metabolic health status of
normal weight (18.5-22.9 kg/m?2), overweight (23-27.4 kg/m2) and obese women (=27.5
kg/m?) trying to conceive. Body mass index categories were based on cut-offs for Asian
populations. Metabolic health status was defined by (a) metabolic syndrome <2 (MHS)

vs. =23 (MUS) criteria; and (b)) HOMA-IR <2.5 (MHS) vs. 22.5 (MUS). The dots and
capped lines represent point estimates and 95% confidence intervals, respectively, of
fecundability odds ratios. The reference group comprised normal weight women with MHS.
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Data were analyzed using discrete-time proportional hazards models, adjusting for age,
ethnicity, education, physical activity, smoking exposure and alcohol intake. HOMA-IR,
homeostasis model assessment-insulin resistance; MHS, metabolically healthy status; MUS,
metabolically unhealthy status.
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