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Summary
Aim: This systematic review investigates associations between maternal
pre-pregnancy/early-pregnancy anthropometrics (e.g. weight and body fat), anthro-
pometric change and pregnancy outcomes in South Asian and White women.
Methods: Twelve electronic literature databases, reference lists and citations of all
included studies were searched. Observational studies published in the English
language were included. Descriptive synthesis was used to summarize the evidence
base.
Results: Twenty-two studies met the inclusion criteria (403,609 births [351,856
White and 51,753 South Asian]). Nine were prospective cohort studies, nine were
retrospective cohort studies and two were cross-sectional studies. Results suggested
that in South Asian women, maternal pre-pregnancy/early-pregnancy anthropo-
metrics were associated with anthropometric change, birthweight, mode of delivery
and gestational diabetes mellitus (GDM). Gestational anthropometric change was
found to be associated with GDM. There was limited evidence to suggest that there
may be associations between maternal pre-anthropometrics/early anthropometrics
and hypertensive disorders, stillbirth, congenital anomalies, post-natal weight re-
tention and post-natal impaired glucose tolerance. The evidence suggested a com-
bined effect of pre-pregnancy/early-pregnancy anthropometrics and gestational
anthropometric change on both GDM and post-natal weight retention.
Conclusion: The increased risk of adverse pregnancy outcomes in South Asian
women should be considered in guidelines for weight management before and
during pregnancy.
Keywords: Ethnicity, gestational weight gain, maternal obesity, systematic review.

Abbreviations: AOR, adjusted odds ratio; BMI, body mass index; CI, confidence
interval; GDM, gestational diabetes mellitus; GWG, gestational weight gain;
IGT, impaired glucose tolerance; IoM, Institute of Medicine; NICE, National
Institute for Health and Care Excellence; NICU, neonatal intensive care unit;
OR, odds ratio; PAF, population attributable fraction; PPH, post-partum haem-
orrhage; SD, standard deviation; SFT, skin-fold thickness; WHO, World Health
Organization.

Introduction

Asian populations are at increased risk of obesity-related
comorbidities, e.g. diabetes and hypertension, at a lower
body mass index (BMI) than are White populations (1).

This is due, in part, to differences in body composition as
BMI in some Asian populations reflects a higher body fat
percentage than that in White populations does (2). The
World Health Organization (WHO) BMI criteria reflect this
difference in risk. For the general population, BMI criteria
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are underweight (<18.5 kg m�2), recommended weight
(≥18.5 to <25 kg m�2), overweight (≥25 to <30 kg m�2)
and obese (≥30 kg m�2) (3). The obese group can then be
further subdivided into class I (≥30 to <35 kg m�2), class
II (≥35 to <40 kg m�2) and class III (≥40 kg m�2) (3).
However, the BMI criteria to indicate risk among Asian
populations are reduced for recommended weight (≥18.5
to <23 kg m�2), overweight (≥23 to <27.5 kg m�2) and
obese (≥27.5 kg m�2) (3). The obese group can be further
subdivided into class I (≥27.5 to 32.5 kg m�2), class II
(≥32.5 to <37.5 kg m�2) and class III (≥37.5 kg m�2) (2).
It is possible that the pattern of higher obesity-related risk
may extend to pregnancy, resulting in increased risk of
adverse pregnancy outcomes among Asian populations at
a lower pre-pregnancy/early-pregnancy BMI and/or lower
gestational weight gain (GWG).

Maternal obesity and both inadequate and excess GWG
have been associated with adverse health outcomes for
mother and infant (4). International research has
highlighted that maternal obesity increases risks for both
mother and child including gestational diabetes mellitus
(GDM), pre-eclampsia, gestational hypertension,
depression, instrumental and caesarean birth, pre-term and
post-term birth, large-for-gestational-age babies, congenital
anomalies and perinatal death (5–9). Maternal obesity has
also been associated with longer-term outcomes for the
infant, such as subsequent obesity development and the
associated life course morbidities (10). Excess GWG has
also been associated with increased birthweight and foetal
growth, caesarean delivery, childhood overweight and
post-natal weight retention (11–13), while inadequate
GWG has been associated with decreased birthweight and
foetal growth (11). The Institute of Medicine (IoM) in the
USA have developed guidelines for GWG according to
pre-pregnancy/early-pregnancy BMI category using the
WHO general population BMI criteria (2). Recommended
GWG ranges are 12.5–18 kg for women with an
underweight BMI, 11.5–16 kg for recommended BMI,
7.5–11.5 kg for overweight and 5–9 kg for obese (14).
The IoM guidelines are based on evidence of the weight
gain-related risk of caesarean delivery, birthweight, preterm
birth, childhood obesity and post-natal weight retention
(14). This evidence is drawn from a variety of ethnic groups
including White, African-American, East Asian (including
Chinese, Filipino and Japanese) and Hispanic populations.

Internationally, some countries such as Canada and
Finland and regions of Australia have adopted the IoM
guidelines (15). However, there are currently no UK
guidelines for GWG. The National Institute for Health
and Care Excellence (NICE) has not incorporated the IoM
recommendations into national guidelines for weight
management during pregnancy owing to a lack of UK
population evidence, particularly relating to ethnic diversity
(16). NICE recommended that research was needed to

investigate weight gain in pregnancy and health outcomes
among UK ethnic minority groups (16). In the UK, the
largest ethnic group is White (86.0% of the population)
followed by Asian (7.5% of the population) (17,18). The
majority of the UK Asian population are South Asian,
Indian (2.5%), Pakistani (2.0%) and Bangladeshi (0.8%)
(17,18). NICE defines the UK South Asian population as
‘immigrants and descendants from Bangladesh, Bhutan,
India, Indian-Caribbean (immigrants of South Asian family
origin), Maldives, Nepal, Pakistan and Sri Lanka’ (19).
The populations used to develop the IoM guidelines do not
include South Asian populations, and, therefore, the IoM
guidelines may not be appropriate for ethnic minority
groups in the UK. Additionally, current UK guidelines for
both weight management (16) and the clinical management
of obesity-related risks in pregnancy (20) use the WHO
general population BMI criteria rather than incorporating
the BMI criteria specific to Asian populations. National data
from England show that the incidence of maternal obesity in
South Asian populations doubles when using ethnic group-
specific BMI criteria rather than general population BMI
criteria (21). Therefore, a large proportion of South Asian
women are potentially being incorrectly assigned to low-risk
care using current UK guidelines, which may widen the gap
in health inequalities in access to health care (21).

Variations in obesity-related risk by ethnicity lead to
health inequalities (22); addressing these inequalities
requires an accurate account of epidemiology (23). There
are existing reviews that consider associations between
maternal BMI and pregnancy outcomes (6,24) as well as
GWG and pregnancy outcomes (11,14). However, there is
a lack of systematically reviewed evidence that relates to
South Asian women or considers additional measures of
body composition (anthropometrics) such as skin-fold
thickness (SFT) and body fat percentage. These measures
are especially important for Asian populations given the
association between risk and body fat percentage and
distribution. This systematic review aimed to synthesize
the existing evidence base of associations between maternal
pre-pregnancy/early-pregnancy anthropometrics (e.g. BMI
and SFT. From this point forward exposures of pre-preg-
nancy/early-pregnancy BMI, SFT etc will be referred to as
pre-pregnancy) and/or gestational change in anthropomet-
rics (e.g. GWG and gestational change in SFT) on preg-
nancy outcomes among South Asian women and their
offspring compared with White women.

Methods

Electronic databases were searched using keywords. Search
terms and subject headings were converted into the relevant
format for 12 databases: MEDLINE (Fig. S1), Embase,
Scopus, PsycINFO, British Nursing Index, the Cumulative
Index to Nursing and Allied Health Literature, Allied and
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Complementary Medicine Database, the Joanna Briggs In-
stitute database, PROSPERO, Centre for Reviews and Dis-
semination database, Cochrane Database of Systematic
Reviews and the federated search engine Epistemonikos,
which provides access to systematic reviews, and primary
studies included in these reviews (all searches shown in
Fig. S1).

The search strategy for this review was designed to maxi-
mize the identification of relevant epidemiological studies.
Additional searches included hand searching the reference
lists of relevant studies or related reviews identified by the da-
tabase searches to identify any relevant studies that had been
cited. Each study thatmet the inclusion criteria was subjected
to citation searches using all citations produced by Google
Scholar to identify any published studies that had cited the
included studies. Authors of any relevant published ab-
stracts were contacted to identify any subsequent full publi-
cations of the research. Any studies identified by the
supplementary searches were also subject to reference list
and citation searches until no further eligible studies were
identified. Authors of the final included studies were
contacted for additional data to include in the analyses
when required.

The comprehensive search strategy was carried out
between December 2015 and July 2017. Inclusion criteria
were peer-reviewed full studies, published in the English
language at any date. Studies involving observational
quantitative research methods including cross-sectional,
case control and cohort study designs were included. Studies
had to include data for both South Asian women and White
women, and either

1. maternal pre-pregnancy or early-pregnancy anthropo-
metric measures such as BMI or SFT, and pregnancy
outcomes for mother or infant;

2. a measure of gestational anthropometric change (i.e.
change from pre-pregnancy measures at specific time
points in the pregnancy) such as GWG or gestational
change in SFT, and pregnancy outcomes for mother
or infant.

South Asian women were defined as per 2013 NICE
guidelines to represent UK South Asian populations (19).
Studies were also included if they were carried out in the
UK and referred to an Asian population, because in the
UK the term Asian is used to refer to people with ancestry
in the Indian subcontinent, whereas in other countries, the
meaning is much broader, particularly in the USA where
the term is mainly used to describe East Asian populations
(25). White populations were defined as White, White
European, Caucasian or White British women. In studies
that reported UK data and more than one White or
European ethnic group, the data for White British or UK
participants were included in this systematic review.

Two authors (E. S. and D. J.) independently screened
titles, abstracts and full papers of potentially relevant
studies for inclusion in the review. All four authors then
carried out data extraction and quality assessments for all
included studies (E. S., D. J., J. R. and N. H.). A standard-
ized protocol was used for data extraction (Fig. S2). Quality
assessment utilized an adapted version of the Newcastle–
Ottawa scale for cohort studies (26). Full details of the exact
questions used and reasons for amendments to the scale are
given in Fig. S3. The Newcastle–Ottawa quality assessment
scale is a tool for assessing the quality of non-randomized
studies (where a score of 0 is lowest quality and a score of
8 it the highest possible quality) (26). It has previously been
used for a systematic review considering the association
between maternal BMI and pregnancy outcomes (7).
Independent data extractions and quality assessments were
combined and agreed upon. References were managed and
recorded in ENDNOTE version 7 (1988–2016 Thompson
Reuters, New York, USA).
Appropriateness of pooling the results of the individual

studies identified for inclusion in the systematic review
was assessed. Owing to the heterogeneity of pregnancy
outcomes, anthropometric measures and comparisons made
(i.e. South Asian women compared with White women of
same BMI, and women of the same BMI compared within
ethnic groups) in the primary studies, pooling of the data
was not appropriate, and meta-analysis was not possible.
A descriptive synthesis has been used to provide a narrative
summary of pregnancy outcomes by weight-related
exposure groups: group 1, maternal pre-pregnancy anthro-
pometrics; group 2, gestational change in anthropometrics
during pregnancy; and group 3, a combination of maternal
pre-pregnancy anthropometrics and gestational change in
anthropometrics. The systematic review was registered on
the PROSPERO database (reference 42015024801).

Results

A total of 31,515 studies were identified by the searches, of
which 22 met the inclusion criteria (Fig. 1) and included a
total of (403,609 births [351,856 White and 51,753 South
Asian]). Thirteen studies were from the UK (27–39), three
from Australia (40,41), two from Norway (42,43) and
Canada (44,45), and one from USA (46) and Spain (47)
(Table 1). Some studies used more than one exposure: 21
studies used maternal anthropometric measurements as the
exposure (27–41,43–48) (group 1), three used gestational
change in maternal anthropometrics as the exposure
(31,42,47) (group 2) and two used a combination of
pre-pregnancy anthropometrics and gestational change in
anthropometrics (42, 43) (group 3). Of the studies that used
maternal BMI as a categorical exposure (n = 7), only three
studies applied BMI criteria for South Asian populations
(29,46,48). The quality scores of the studies ranged from 2
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to 7 (out of a maximum of 8), with a mean score of 5
(Table 1). Detailed quality assessment results are presented
in Table S4. In addition, there was one study carried out
in Australia that defined South Asian women as per the
NICE guidelines but also included women from
Afghanistan and Iran. As the majority of the South Asian
population met the NICE definition, and owing to the ambi-
guity of definitions used by other studies (e.g. ‘from the In-
dian subcontinent’ or ‘any other Asian background’), a
decision was made to include this study in the review.

Overall, results were inconsistent. Results have been pre-
sented narratively and grouped by pregnancy outcome and
type of exposure. Included studies reported 17 pregnancy
outcomes: three during pregnancy (GDM, hypertensive
disorders and gestational change in anthropometrics1); 12
perinatal outcomes (mode of delivery, distance from skin
to epidural space, post-partum haemorrhage [PPH],
shoulder dystocia, foetal compromise, congenital anomaly,

preterm birth, stillbirth, admission to the neonatal intensive
care unit [NICU] or special care nursery, perinatal death,
birthweight and a composite category for any perinatal
morbidity); and two post-natal outcomes (weight retention
and impaired glucose tolerance IGT). Six of the outcomes
were reported by more than three studies (GDM, anthropo-
metric change during pregnancy, preterm birth, birthweight,
mode of delivery and post-partum weight retention), and
four of the outcomes were reported by two studies (still-
birth, hypertensive disorders, admission to NICU/special
care nursery and PPH). The remaining eight outcomes were
reported by one study only (distance from skin to epidural
space, post-natal IGT, perinatal death, dystocia, foetal
compromise, any perinatal morbidity, congenital anomalies
and post-natal weight retention).

Gestational diabetes

Exposure group 1: maternal pre-pregnancy
anthropometrics
Thirteen studies reported data for maternal pre-pregnancy
weight, BMI, SFT and serum leptin levels (28,32,34,35,37–
40,43,44,46–48). Nine reported an increased association

1Gestational change in anthropometrics is an exposure to investigate
associations with pregnancy outcomes and also an identified
pregnancy outcome associated with pre-pregnancy anthropometrics.

Figure 1 Preferred Reporting Items for Systematic Reviews and Meta-Analyses flowchart of searches, screening, and inclusion and exclusion of studies.
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with GDM for South Asian women compared with White
women (28,32,34,37–40,43,47). Three found a decreased
association (35,44,46). One found an increased association
for South Asian women in unadjusted results (48). However,
following adjustment, this association decreased to less than
that for White women (48).

Six studies found that mean weight (37) or mean BMI
(34,38,40,43,47) was lower in South Asian women with
GDM compared with White women with GDM. Two
studies reported statistical significance: one found the differ-
ence to be significant (34) and the other did not (47). One
study reported that although South Asian women with
GDM had a lower mean BMI than did White women with
GDM, they had higher mean values of SFT and serum leptin
levels (43) (Table 2).

Six studies presented odds ratios (ORs) or relative risks
for the association between maternal pre-pregnancy anthro-
pometrics and GDM; three found an increased association
between GDM and maternal BMI in South Asian women
compared with White women (28,32,34), and two found a
decreased association for South Asian women (35,46).
Two studies only presented unadjusted results; both of these
studies found that ORs of GDMwere higher in South Asian
women than in White women (28,34). Two studies pre-
sented unadjusted and adjusted results. One found that
ORs of GDMwere lower for South Asian women than were
those for White women (35). The other found that South
Asian women had a higher OR of GDM; however, follow-
ing adjustment, the adjusted OR (AOR) decreased to less
than that of White women (48). Two studies only presented

adjusted results: one found the AOR was higher in South
Asian women (32), and the other found that South Asian
women had a lower AOR of GDM than did White women
at the same BMI (46) (Table 3).

One study found that South Asian women had lower insu-
lin sensitivity relating to increasing BMI compared with
White women (slope of �0.17 [95% confidence interval
{CI} �0.22 to �0.13] in White, slope of �0.04 [95% CI
�0.15 to 0.08] in South Asians) (44).One study presented
the performance parameters (sensitivity, specificity, positive
predictive value and negative predictive value) of different
BMI cut-offs (20, 21.5, 23, 25, 27.5 and 30 kg m�2) for
White and South Asian women (39). These parameters gave
an indication of the proportion of the population with GDM
in each ethnic group that was captured using each cut-off. A
BMI of 20 kg m�2 captured 95.2% of White women
compared with 95.0% of South Asian women with GDM
(39). All other BMI cut-offs investigated captured a higher
percentage of South Asian women with GDM than White
women (39). This ranged from93.6% in SouthAsianwomen
compared with 87.5% inWhite women at BMI 21.5 kgm�2,
and 34.7% in South Asian women compared with 32.1%
in White women at BMI 30 kg m�2 (39). The prevalence
of diabetes in pregnancy was also estimated for each
BMI cut-off; results showed an increased risk of diabetes
at all BMI points for South Asian women compared with
White women (39). In addition, this study found that for
South Asian women, the BMI with risk of GDM equiva-
lent to 30 kg m�2 in White women was approximately
21 kg m�2 (39).

Table 2 Pre-pregnancy anthropometric measurements of women in population of women with GDM

Author and study year Ethnic group Exposure Exposure mean (standard deviation) p value

White ethnic
group

South Asian
ethnic group

Dunne et al., 2000 (38) Caucasian women (n = 312)
Indo-Asian women: Pakistani,
Indian, Bangladeshi (n = 128)

BMI (kg m�2) 29.2 (8.5) 29.1 (5.7) —

Hernandez-Rivas et al.,
2013 (47)

Caucasian (n = 190)
South Central Asian: Pakistani,
Indian, Bangladeshi (n = 81)

BMI (kg m
�2
) 27.4 (6.18) 27.0 (4.65) 0.630

Makgoba et al., 2012 (34) White European (n = 707)
South Asian (n = 304)

BMI (kg m
�2
) 26.7 (5.8) 25.3 (4.9) <0.001

Wong et al., 2011 (40) Anglo-European women (n = 215)
South Asian women: Indian,
Pakistani, Sri Lankan, Fiji Indian
(n = 160)

BMI (kg m�2) 30.6 (8.1) 26.8 (5.2) —

Sinha et al., 2003 (37) Caucasian women (n = 91)
Indo-Asian women: predominantly
Muslim women from the Punjab
Region (n = 89)

Weight (kg) 69.8 (4.2) 68.3 (6.45) —

Sommer et al., 2015 (43) European (n = 353)
South Asian: Pakistani and Sri
Lankan (n = 543)

BMI (kg m
�2
) 27.3 (95% CI 25.9, 28.6) 25.5 (95% CI 24.3, 26.6) —

Sum of SFT (mm) 76.1 (95% CI 71.1, 81.0) 78.0 (95% CI 73.3, 82.7) —

Serum leptin (ng) 1.73 (95% CI 1.45, 2.04) 1.94 (95% CI 1.70, 2.20) —

BMI, body mass index; CI, confidence interval; GDM, gestational diabetes; SFT, skin-fold thickness.
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Exposure group 2: gestational anthropometric change
Two studies presented results for the association between
GDM and gestational change in weight, fat mass, truncal
fat and mean skin-fold (42,47). Both studies found an
increased association with GDM in South Asian women
comparedwithWhitewomen (42,47).One identified a lower
mean GWG among South Asian women with GDM (mean
8.3 kg, standard deviation [SD] 4.2) compared with White
women with GDM (mean 9.4 kg, SD 4.96), although this
was not significant (p = 0.163) (47). One study found that,
compared with White women, South Asian women had sig-
nificantly increased association with GDM and GWG, fat
mass gain, truncal fat gain and mean skin-fold gain, which
remained significant following adjustment (43) (Table S5).

Exposure group 3: a combination of pre-pregnancy
anthropometrics and gestational change in
anthropometrics
One study reported the combined influence of maternal
pre-pregnancy BMI and gestational gain in truncal fat on
GDM (42). South Asian women had an increased OR of
GDM (OR 2.86, 95% CI 1.88, 4.34) compared with White
women. Within the ethnic groups, the ORs of GDM in-
creased with a 1 SD increase in pre-pregnancy BMI for both
South Asian women (OR 4.75, 95%CI 2.96, 7.60) andWhite
women (OR 1.66, 95% CI 1.4, 1.97). A similar pattern was
observed for a 1 SD increase of truncal fat gain for South
Asian (OR 3.8, 95% CI 2.4, 6.0) and White women (OR
1.3, 95% CI 1.1, 1.6), an increase in both truncal fat gain
and pre-pregnancy BMI among South Asian (OR 6.3, 95%
CI 3.74, 10.63) and White women (OR 2.21, 95% CI 1.68,
2.89) (42). For all levels of exposure, the ORs of GDM were
higher for South Asian women than for White women (42).

Anthropometric change during pregnancy (outcome)

Exposure: maternal pre-pregnancy anthropometrics
Three studies provided results for the association between
the exposure of pre-pregnancy BMI, weight, SFT and serum
leptin levels and the outcome of gestational anthropometric
change (30,43,45). One study presented GWG by pre-
pregnancy weight (45). One study presented mean differ-
ence in gain of maternal weight and SFT (bicep, triceps
and subscapular) and did not present data on statistical sig-
nificance (30). One study presented the change in BMI, tri-
ceps, subscapular, suprailiac SFT measures and the sum of
all these, and also serum leptin levels from 14 to 28 weeks’
gestation (43).

All three studies (30,43,45) identified that South Asian
women had a lower pre-pregnancy weight (or BMI) com-
pared with White women (p = 0.015 (43), p ≤ 0.0001
(45)). However, gestational change in weight or BMI was
higher among South Asian women (p = 0.023 (43),
p = 0.17 (45)). Two studies presented some conflicting

results relating to pre-pregnancy baseline SFTs and gesta-
tional change in SFTs. One study found that measures of
SFT (bicep, tricep and subscapular) at 8–18 weeks’ gesta-
tion were higher for South Asian women compared with
White (30). Another study also reported significantly higher
subscapular SFT (p = 0.002) among South Asian women at
14 weeks, but no significant difference at 14 weeks for
tricep (p = 0.83), suprailiac (p = 0.96) or the sum of SFTs
(p = 0.20) (43). Results relating to change in SFT during
pregnancy were also conflicting. One study reported that
both bicep and tricep SFT gains were higher for South Asian
women than for White women at all time points (29, 32 and
37 weeks) (30), while another study found no significant
difference in tricep (p = 0.085) or suprailiac (p = 0.24) SFT
at 28 weeks (43). However, similar results were present
for subscapular SFT gain, which both studies reported to
be higher at 28 weeks (p < 0.001) (43) and 29 weeks (30).
One study further reported South Asian women had gained
a significantly higher sum of triceps, subscapular and
suprailiac SFTs (p = 0.001) (43). This study also found that
serum leptin levels were significantly higher at 14 and
28 weeks’ gestation in South Asian women (p = 0.002 and
p ≤ 0.001 respectively) and that the change in serum leptin
from 14 to 28 weeks’ gestation was also significantly higher
for South Asian women (p = 0.004) (43).

Preterm birth

Exposure: maternal pre-pregnancy anthropometrics
Three studies presented results for the association between
pre-pregnancy BMI and preterm birth (<37 weeks)
(28,32,48). One reported unadjusted results, which sug-
gested increased association between BMI and preterm birth
among South Asian women (as the OR for preterm birth
was significantly decreased for White women, but not for
Pakistani women) (28). One reported adjusted results that
suggested South Asian women have reduced OR of preterm
birth with increased BMI compared with White women
(32). One presented information for both unadjusted and
adjusted results that suggested that with increased BMI,
there was a marginally higher OR for preterm birth in South
Asian women compared with White women (48). However,
ORs (both unadjusted and adjusted) did not reach statistical
significance for either ethnic group (48) (Table 3).

Birthweight

Exposure: maternal pre-pregnancy anthropometrics
Five studies reported results for the association between
maternal pre-pregnancy BMI, weight, mid upper arm cir-
cumference and SFT and birthweight (28,31,32,34,48).
One study reported the outcome of well-grown babies
(above 10th centile (49)) (31), three reported macrosomia

Maternal anthropometrics in South Asian women E. Slack et al. 495obesity reviews

© 2018 The Authors. Obesity Reviews published by John Wiley & Sons Ltd

on behalf of World Obesity Federation

Obesity Reviews 19, 485–500, April 2018



(28,32,48), one low birthweight (32), one small for gesta-
tional age (48) and one birthweight z score (34).

South Asian women delivering well-grown babies had
significantly higher mean triceps and SFT (mm) than did
White women (p < 0.025 and p < 0.005, respectively),
but no difference in mean weight (kg), middle upper arm cir-
cumference (mm) and bicep SFT (mm) (31). Offspring of
South Asian women had a higher AOR of low birthweight
than did offspring of White women (32). White women
with a BMI ≥ 30 kg m�2 also had significantly reduced
AOR of low birthweight, while the reduction in AOR for
South Asian women did not reach statistical significance
(32). One study found that with increased BMI, the odds
of small for gestational age decreased significantly for both
South Asian and White women; there was minimal differ-
ence in the decrease between the two ethnic groups, and this
remained the same following adjustment (48) (Table 3).

Two studies found that with increased BMI, South Asian
women had a higher OR for macrosomia than did White
British women (28,48); for one study, this remained true
following adjustment (48). However, the findings from
one study refuted this association and reported South Asian
women to have a lower AOR of macrosomia compared
with White women (comparing maternal BMI ≥ 30 kg m�2

with BMI < 30 kg m�2) (32). One study found that in both
women with and without GDM, BMI had a greater effect
on birthweight z scores in South Asian women than in
White women (34) (Table 3).

Mode of delivery

Exposure: maternal pre-pregnancy anthropometrics
Three studies reported results relating the association between
maternal BMI and mode of delivery, including caesarean sec-
tion and instrumental delivery (28,32,48). One found that
South Asian women had a slightly higher OR of caesarean as-
sociated with an increase in BMI than did White women (28).
One study found that the odds of unplanned caesarean were
lower in South Asian women compared with White women
(48); however, following adjustment, the odds in White
women decreased below those of South Asian women (48).
One study found that while there was a higher AOR of elective
caesarean in South Asian women, the AOR of emergency cae-
sarean was lower for South Asian women than for White
women (32). Two studies presented results on instrumental de-
livery. Both studies found that South Asian women had a
higher AOR of instrumental delivery associated with increased
maternal BMI comparedwithWhite women (32,48) (Table 3).

Pregnancy outcomes with evidence available from
one or two studies

Two studies reported data for each of the following out-
comes: stillbirth, hypertensive disorders, admission to

NICU/special care nursery and PPH. Single studies reported
data for distance from skin to epidural space, post-natal
IGT, perinatal death, congenital anomalies and post-natal
weight retention. The results are presented in Table S5.

Exposure: maternal pre-pregnancy anthropometrics
A significant positive association was identified between
maternal BMI and stillbirth for South Asian infants but
not for White infants in one study (29); the other study
found a higher OR of stillbirth associated with maternal
BMI for South Asian infants than for White (although this
did not reach statistical significance) (48). Two studies
found a significant positive association between maternal
BMI and hypertensive disorders of pregnancy for both
White and South Asian women, which was lower in South
Asian women (28,48); this association remained following
adjustment in one of the studies (48). The ORs and AORs
of admission of infants to NICU/special care nursery and
maternal PPH were lower in South Asian women compared
with White women (32,48).

One study found that distance from skin to epidural space
increased with increasing BMI; this was lower in South
Asian women than in White women (36) (Table S5). In
women with post-natal IGT, mean weight was lower for
South Asian women (68.3 kg) than for White women
(79.9 kg) (37). There were higher AORs for offspring peri-
natal mortality associated with maternal BMI among South
Asian infants than White infants (32). South Asian infants
also had a higher OR of congenital anomalies at BMI
25–29.9 kg m�2 than did White infants, and a lower OR
of congenital anomalies at BMI <18.5 and ≥30 kg m�2

((27)). South Asian infants had higher ORs and AORs for
shoulder dystocia and ‘any perinatal morbidity’ compared
with White infants (48). ORs of foetal compromise were
lower for South Asian infants; however, following adjust-
ment, AORs for South Asian infants increased to more than
those for White infants (48).

Post-natal retention of anthropometric measures was
found to be higher in South Asian women than in White
women (43). At 14 weeks’ gestation, South Asian women
had significantly lower BMI (p = 0.015) and significantly
higher subscapular SFT (p = 0.002) and serum leptin levels
(p = 0.002) compared with White women (43). However,
there was no significant difference in tricep SFT, suprailiac
SFT or the sum of SFT (p = 0.83, p = 0.96 and p = 0.20,
respectively) (43). Despite the differences at 14 weeks’ gesta-
tion, South Asian women had significantly higher change in
all measures: BMI (p ≤ 0.001), tricep SFT (p ≤ 0.001),
subscapular SFT (p = 0.022), suprailiac SFT (p = 0.016),
sum of SFT (p ≤ 0.001) and serum leptin levels (p ≤ 0.001)
(43). At 14 weeks’ gestation, BMI in South Asian women
was not significantly different to that of White women
(p = 0.83), and all other measures were significantly higher
for South Asian women than for White women; South
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Asian women had significantly higher change in all
measures: tricep SFT (p ≤ 0.001), subscapular SFT
(p ≤ 0.001), suprailiac SFT (p = 0.001), sum of SFT
(p ≤ 0.001) and serum leptin levels (p ≤ 0.001) (43).

Discussion

This systematic review included 22 studies and data
from 403,609 births to compare the association between
pregnancy anthropometrics and pregnancy outcomes in
South Asian and White women. The strongest evidence
from the included studies suggests that South Asian women
have a higher risk of GDM associated with maternal
pre-pregnancy anthropometrics and anthropometric change
during pregnancy than do White women. There was also
some evidence to suggest an increased association among
South Asian women2 with maternal pre-pregnancy
anthropometrics and the outcomes anthropometric change
during pregnancy, birthweight, mode of delivery and
GDM. Gestational anthropometric change was also found
to be associated with GDM. We found limited evidence to
suggest that there may be associations between maternal
pre-anthropometrics/early anthropometrics and hypertensive
disorders, stillbirth, congenital anomalies, post-natal weight
retention and post-natal IGT. The evidence also suggested
that there may be a combined effect of pre-pregnancy
anthropometrics and gestational anthropometric change on
both GDM and post-natal weight retention. However, there
was evidence that refuted some of these associations, and
for many combinations of anthropometric exposure and
pregnancy outcomes. Further evidence is required to explore
these associations.

This review is the first to consider the association between
maternal pre-pregnancy anthropometrics and anthropomet-
ric change during pregnancy on pregnancy outcomes in mi-
grant and descendant South Asian women. Included studies
allowed exploration of three levels of anthropometric expo-
sure (maternal pre-pregnancy anthropometrics, gestational
change in anthropometrics and a combination of maternal
pre-pregnancy anthropometrics and gestational change in an-
thropometrics) on a number of different pregnancy outcomes.
Consideration of different anthropometric measures is partic-
ularly important in the South Asian population as they better
reflect fat distribution than does BMI alone. In the non-
pregnant population, there is a wealth of evidence that the
South Asian population is at an increased risk of diabetes at
a lower BMI than the White population is (50).

It is hypothesized that these differences in body composi-
tion lower percentage of lean body mass and that a higher
proportion of fat mass contributes to the increased risk of

type 2 diabetes in the South Asian population (50). Included
studies have identified that South Asian women have a
higher risk of GDM at a lower BMI or weight than do
White women (28,32,34,37,38,40,43,47). A lower percent-
age of lean body mass and a higher proportion of fat mass
may also play a role in the development of GDM at a lower
BMI (or weight) than in White women. In addition to differ-
ences in body composition, many other factors may play a
role in explaining the difference in risk of pregnancy out-
comes observed between the White and South Asian popu-
lations, e.g. consanguinity (51), socioeconomic status (51),
access to maternity care (52), maternal mental health (53),
place of birth (51), maternal age (41) and marriage (or
cohabiting status) (54).
A major strength of this review is the comprehensive

search strategy used. We performed a search of 12
databases, piloting and refining the search strategy by the
research team and an information scientist with expertise
in database searching. We also searched citations and
reference lists of included studies, and the reference lists of
reviews that were related to the topic area. Of the 22
included studies, 20 were identified through database search
alone (27–40,42–46,48), one from screening the reference
lists of relevant reviews (41) and one from searching the ci-
tations of included studies (47). In their recent review and
meta-analysis, Heslehurst et al. also found that in order to
minimize bias, it was essential to include evidence from
searches in addition to database searching (7).
The main limitation of this systematic review relates to

data availability in the existing literature. Owing to the
heterogeneity between populations (e.g. in relation to first-
trimester maternal obesity (21), blood pressure (55) and risk
factors for coronary heart disease (56)), we would have pre-
ferred to consider the risk for Pakistani, Indian and
Bangladeshi women, etc. independently. However, the
evidence identified did not allow for independent subgroup
analysis, and all South Asian women had to be analysed
together. This review was also unable to distinguish South
Asian populations by place or birth and/or immigrant
status. This has been shown to affect rates of GDM, as
Asian and other immigrants to high-income countries
typically have higher rates of GDM than do those born in
high-income countries (57). Limited evidence was available
for the following exposures: gestational anthropometric
change and the combined effect of pre-pregnancy anthropo-
metrics and gestational anthropometric change; for mea-
sures of anthropometrics other than BMI and weight (e.g.
SFT and body fat percentage) and for a number of preg-
nancy outcomes, evidence was only available from one or
two studies. Although this was useful as it highlights that
this is an under-researched area, the lack of evidence avail-
able limited the ability for evidence synthesis and limits the
conclusions that we can draw about these pregnancy
outcomes.

2We are not comparing the results with White women here, just
considering the association in South Asian women alone.
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Among the included studies that compared maternal BMI
categories (n = 7), only three studies applied lower BMI
cut-offs specific to Asian populations (29,46,48). Conse-
quently, the results from the studies using general popula-
tion BMI criteria for the South Asian population may have
underestimated the effect size and the significance of the as-
sociation. This is due to women of potentially increased
obesity risk (pre-pregnancy BMI, 27.5-30 kg m�2) not being
included in the obese category and women of potentially in-
creased overweight risk (BMI, 23–25 kg m�2) included in
the ‘low-risk’ comparison groups. This review has identified
that South Asian women may have a higher risk of multiple-
pregnancy outcomes at the same BMI than do White
women. Had the BMI categories specific to the South Asian
population been applied, it is possible that this risk may be
even higher, and that some pregnancy outcomes that this re-
view found to be non-significant for South Asian women
may actually be higher and even reach statistical
significance.

Of the three studies that did apply BMI cut-offs for the
South Asian population, one reported that using the
Asian-specific criteria did not make a difference to results,
although it did not present the exact values (48). The other
two studies both found a change in odds compared with the
higher BMI cut-off. Penn et al. found that the odds of still-
birth decreased from 4.64 (1.84, 11.70) for BMI ≥ 30 kgm�2

to 2.83 (1.17, 6.85) for BMI ≥ 27.5 kg m�2 (29). Despite the
decrease in odds, South Asian women still had higher odds
of stillbirth than do White women: 1.32 (0.68, 2.57) (29).
Pu et al. found that the odds of GDM increased from 1.17
(1.5, 2.0) at BMI ≥ 25 kg m�2 to 1.9 (1.7, 2.2) at
BMI ≥ 23 kg m�2 (46). Of all the studies that considered
GDM as an outcome where maternal BMI was categorized
as the exposure, Pu et al. found the lowest odds of GDM
(for both BMI cut-offs, Asian specific and general popula-
tion) (46). One reason for this finding may be that women
with overweight and obesity were grouped together in this
study rather than examining the groups separately, or just
looking at women with obesity.

This review has highlighted the lack of evidence available
for the association between maternal pre-pregnancy anthro-
pometrics, gestational anthropometric change and preg-
nancy outcomes in South Asian women. More research is
needed that explores both the individual and combined ef-
fects of maternal pre-pregnancy anthropometrics and gesta-
tional anthropometric change on different pregnancy
outcomes in South Asian women. No literature identified
by this review considered the associations between maternal
anthropometric exposures and childhood obesity among
offspring. Childhood obesity was found to be an outcome
associated with GWG in the 2009 IoM guidelines where
the ethnic groups considered were White, African-Ameri-
can, East Asian and Hispanic populations (14). Future re-
search should investigate the association between maternal

anthropometrics, both pre-pregnancy/early-pregnancy and
the change during pregnancy, and childhood anthropomet-
rics separately for boys and girls in the different South Asian
subgroups. Future research investigating the association be-
tween maternal anthropometrics and pregnancy outcomes
in South Asian women should present results separately
for the different South Asian subgroups. Where possible,
the risk associated with different anthropometric measures
(as opposed to BMI alone) should be considered to inform
the understanding of potential mechanisms relating to eth-
nic differences in body composition.

In addition, in this review, none of the included studies
considered obesity subgroups using the Asian-specific BMI
criteria (27.5 to <32.5, ≥32.5 to <37.5, and
≥37.5 kg m�2(2)). It has been documented that within the
pregnant population with obesity, levels of risk are not the
same at all BMIs ≥ 30 kg m�2. For example, the risk of
post-term birth in class I obesity is different to that in class
III obesity (7). In order to explore whether this is the same
for the pregnant South Asian population, future research
should investigate the risk of pregnancy outcomes within
each of the obesity subgroups of the Asian-specific BMI
criteria, or ensure that BMI is investigated as a continuous
exposure. It is recommended that wherever possible, BMI
cut-offs are used that would facilitate international compar-
isons (18.5, 20, 23, 25, 27.5, 30, 32.5, 35, 37.5 and
40 kg m�2) (2).

This review has highlighted that there are differences in
obesity-related risk in pregnancy for South Asian and
White women. Results suggest that the risk of GDM is
higher in South Asian women at a lower BMI than in
White women, therefore supporting the use of ethnicity as
independent criteria for GDM criteria in the NICE guide-
lines. Results also suggest that there are ethnic differences
in risk for different pregnancy outcomes related to anthro-
pometric measures. However, the lack of evidence available
to explore these associations fully means that firm conclu-
sions cannot be drawn. Therefore, before any recommen-
dations can be made for policy and practice, more
research is needed. In particular, the association between
maternal anthropometrics and childhood obesity should
be investigated in ethnic groups relevant to the UK
population.

Conclusion

This review found inconsistent results. However, evidence
suggested that in South Asian women, maternal pre-pregnancy
anthropometrics are associated with anthropometric change
during pregnancy, birthweight, mode of delivery and GDM.
Evidence also highlighted that gestational anthropometric
change may be associated with GDM. However, the limited
evidence available for these exposures and also other
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pregnancy outcomes warrants further investigation to
inform policy and practice to address health inequalities.

Conflict of interest statement

No conflict of interest was declared.

Acknowledgements

The authors would like to thank Shannon Robalino for her
invaluable contributions to the development of the search
strategy. This research was supported by a Medical
Research Council and Newcastle University Faculty of
Medical Sciences Doctoral Training award for E. S. The
funders had no role in design and conduct of the study,
collection, management, analysis and interpretation of the
data and preparation, review or approval of the manuscript.

Supporting information

Additional Supporting Information may be found online in
the supporting information tab for this article. https://doi.
org/10.1111/obr.12636

Figure S1. Search strategies
Figure S2. Data extraction form
Figure S3. Quality assessment
Data S4 Quality assessment scores
Data S5. Effects of specified exposure on pregnancy out-
comes in South Asian and White women

References

1. Huxley R, James WPT, Barzi F et al. Ethnic comparisons of
the cross-sectional relationships between measures of body size
with diabetes and hypertension. Obesity Reviews. 2008; 9:
53–61.
2. World Health Organization. WHO expert consultation: appro-
priate body-mass index for Asian populations and its implications
for policy and intervention strategies. The Lancet. 2004; 363:
157–163.
3. World Health Organization. Obesity: Preventing and Managing
the Global Epidemic. WHO Technical Report Series Geneva 2000.
4. Heslehurst N, Simpson H, Ells LJ et al. The impact of maternal
BMI status on pregnancy outcomes with immediate short-term
obstetric resource implications: a meta-analysis. Obesity Reviews.
2008; 9: 635–683.
5. Guelinckx I, Devlieger R, Beckers K, Vansant G. Maternal
obesity: pregnancy complications, gestational weight gain and nu-
trition. Obesity Reviews. 2008; 9: 140–150.
6. Marchi J, Berg M, Dencker A, Olander EK, Begley C. Risks
associated with obesity in pregnancy, for the mother and baby:
a systematic review of reviews. Obesity Reviews. 2015; 16:
621–638.
7. Heslehurst N, Vieira R, Hayes L et al. Maternal body mass
index and post-term birth: a systematic review and meta-analysis.
Obesity Reviews. 2016.

8. Stothard KJ, Tennant PWG, Bell R, Rankin J. Maternal over-
weight and obesity and the risk of congenital anomalies: a
systematic review and meta-analysis. JAMA: The Journal of the
American Medical Association. 2009; 301: 636–650.
9. Aune D, Saugstad OD, Henriksen T, Tonstad S. Maternal body
mass index and the risk of fetal death, stillbirth, and infant death: a
systematic review and meta-analysis. JAMA: The Journal of the
American Medical Association. 2014; 311: 1536–1546.
10. Ramachenderan J, Bradford J, McLean M. Maternal obesity
and pregnancy complications: a review. Australian and New
Zealand Journal of Obstetrics and Gynaecology. 2008; 48:
228–235.
11. Siega-Riz AM, Viswanathan M, Moos M-K et al. A systematic
review of outcomes of maternal weight gain according to the
Institute of Medicine recommendations: birthweight, fetal growth,
and postpartum weight retention. American Journal of Obstetrics
and Gynecology. 2009; 201: 339. e1–39. e14.
12. Dietz PM, CallaghanWM, Sharma AJ. High pregnancy weight
gain and risk of excessive fetal growth. American Journal of
Obstetrics and Gynecology. 2009; 201: 51. e1–51. e6.
13. Margerison Zilko CE, Rehkopf D, Abrams B. Association of
maternal gestational weight gain with short-and long-term mater-
nal and child health outcomes. American Journal of Obstetrics
and Gynecology. 2010; 202: 574. e1–574. e8.
14. Institute of Medicine. Weight Gain During Pregnancy:
Reexamining the Guidelines. National Academic Press:
Washington DC, 2009.
15. Alavi N, Haley S, Chow K, McDonald SD. Comparison of na-
tional gestational weight gain guidelines and energy intake
recommendations. Obesity Reviews. 2013; 14: 68–85.
16. National Institute for Health and Clinical Excellence. Weight
Management Before, During and After Pregnancy. Department of
Health: 2010
17. Office for National Statistics. Ethnicity and National Identity
in England and Wales 2011. 2012.
18. Office for National Statistics. 2011 Census: Key Statistics for
England and Wales, March 2011. 2011.
19. National Institute for Health and Care Excellence. BMI:
Preventing Ill Health and Premature Death in Black, Asian and
Other Minority Ethnic Groups. National Institute for Health and
Care Excellence: 2013.
20. Centre for Maternal and Child Enquiries, Royal College of
Obstetricians and Gynaecologists. CMACE/RCOG Joint Guide-
line: Management of Women with Obesity in Pregnancy. Jointly
published by the Centre for Maternal and Child Enquiries and the
Royal College of Obstetricians and Gynaecologists: 2010.
21. Heslehurst N, Sattar N, Rajasingam D, Wilkinson J,
Summerbell CD, Rankin J. Existing maternal obesity guidelines
may increase inequalities between ethnic groups: a national
epidemiological study of 502,474 births in England. BMC
Pregnancy and Childbirth. 2012; 12: 156.
22. Public Health England. Health Inequalities. 2014.
23. Bryant AS, Washington S, Kuppermann M, Cheng YW,
Caughey AB. Quality and equality in obstetric care: racial and eth-
nic differences in caesarean section delivery rates. Paediatric and
Perinatal Epidemiology. 2009; 23: 454–462.
24. Heslehurst N, Lang R, Rankin J, Wilkinson JR, Summerbell
CD. Obesity in pregnancy: a study of the impact of maternal obesity
on NHS maternity services. BJOG: An International Journal of
Obstetrics & Gynaecology. 2007; 114: 334–342.
25. Bhopal RS. Terminology and classifications for migrant, ethnic
and racial groups: the centrality of census and population registers.
In: Migration, Ethnicity, Race and Health in Multicultural
Societies, Second edn. Oxford University Press: United States of
America, 2014, pp. 33–61.

Maternal anthropometrics in South Asian women E. Slack et al. 499obesity reviews

© 2018 The Authors. Obesity Reviews published by John Wiley & Sons Ltd

on behalf of World Obesity Federation

Obesity Reviews 19, 485–500, April 2018



26. Wells GA, Shea B, O’connell D, Peterson JEA, Welch V, Losos
M, et al. The Newcastle–Ottawa Scale (NOS) for Assessing the
Quality of Nonrandomised Studies in Meta-analyses. 2000.
27. Sheridan E, Wright J, Small N et al. Risk factors for congenital
anomaly in a multiethnic birth cohort: an analysis of the Born in
Bradford study. The Lancet. 2013; 382: 1350–1359.
28. Bryant M, Santorelli G, Lawlor DA et al. A comparison of
South Asian specific and established BMI thresholds for determin-
ing obesity prevalence in pregnancy and predicting pregnancy
complications: findings from the Born in Bradford cohort. Interna-
tional Journal of Obesity. 2014; 38: 444–450.
29. Penn N, Oteng-Ntim E, Oakley LL, Doyle P. Ethnic variation
in stillbirth risk and the role of maternal obesity: analysis of routine
data from a London maternity unit. BMC Pregnancy and Child-
birth. 2014; 14: 404.
30. Bissenden JG, Scott PH, King J, Hallum J, Mansfield HN,
Wharton BA. Anthropometric and biochemical changes during
pregnancy in Asian and European mothers having light for gesta-
tional age babies. BJOG: An International Journal of Obstetrics
& Gynaecology. 1981; 88: 999–1008.
31. Bissenden JG, Scott PH, Hallum J, Mansfield HN, Scott P,
Wharton BA. Anthropometric and biochemical changes during
pregnancy in Asian and European mothers having well grown
babies. BJOG: An International Journal of Obstetrics & Gynaecol-
ogy. 1981; 88: 992–998.
32. Oteng-Ntim E, Kopeika J, Seed P,Wandiembe S, Doyle P. Impact
of obesity on pregnancy outcome in different ethnic groups: calculat-
ing population attributable fractions. PLoS One. 2013; 8 e53749.
33. Makgoba M, Savvidou MD, Steer PJ. An analysis of the inter-
relationship between maternal age, body mass index and racial
origin in the development of gestational diabetes mellitus. BJOG:
An International Journal of Obstetrics & Gynaecology. 2011;
119: 276–282.
34. Makgoba M, Savvidou MD, Steer PJ. The effect of maternal
characteristics and gestational diabetes on birthweight. BJOG: An
International Journal of Obstetrics & Gynaecology. 2012; 119:
1091–1097.
35. Dornhorst A, Paterson CM, Nicholls JSD et al. High preva-
lence of gestational diabetes in women from ethnic minority
groups. Diabetic Medicine. 1992; 9: 820–825.
36. SharmaV, SwinsonAK,Hughes C,Mokashi S, Russell R. Effect
of ethnicity and bodymass index on the distance from skin to lumbar
epidural space in parturients. Anaesthesia. 2011; 66: 907–912.
37. Sinha B, Brydon P, Taylor RS et al. Maternal ante-natal param-
eters as predictors of persistent postnatal glucose intolerance: a
comparative study between Afro-Caribbeans, Asians and Cauca-
sians. Diabetic Medicine. 2003; 20: 382–386.
38. Dunne FP, Brydon PA, Proffitt M, Smith T, Gee H, Holder RL.
Fetal and maternal outcomes in Indo-Asian compared to Caucasian
women with diabetes in pregnancy. QJM: An International Journal
of Medicine. 2000; 93: 813–818.
39. Nishikawa E, Oakley L, Seed PT, Doyle P, Oteng-Ntim E.
Maternal BMI and diabetes in pregnancy: investigating variations
between ethnic groups using routine maternity data from London,
UK. PLoS ONE. 2017; 12(6) (no pagination).
40. Wong VW. Gestational diabetes mellitus in five ethnic groups:
a comparison of their clinical characteristics. Diabetic Medicine.
2012; 29: 366–371.
41. Yue DK, Molyneaux LM, Ross GP, Constantino MI, Child
AG, Turtle JR. Why does ethnicity affect prevalence of gestational
diabetes? The underwater volcano theory. Diabetic Medicine.
1996; 13: 748–752.
42. Sommer C, Mørkrid K, Jenum AK, Sletner L, Mosdøl A,
Birkeland KI. Weight gain, total fat gain and regional fat gain

during pregnancy and the association with gestational diabetes: a
population-based cohort study. International Journal of Obesity.
2014; 38: 76–81.
43. Sommer C, Jenum AK, Waage CW, Mørkrid K, Sletner L,
Birkeland KI. Ethnic differences in BMI, subcutaneous fat, and
serum leptin levels during and after pregnancy and risk of gesta-
tional diabetes. European Journal of Endocrinology. 2015; 172:
649–656.
44. Retnakaran R, Hanley AJG, Connelly PW, Sermer M, Zinman
B. Ethnicity modifies the effect of obesity on insulin resistance in
pregnancy: a comparison of Asian, South Asian, and Caucasian
women. The Journal of Clinical Endocrinology & Metabolism.
2006; 91: 93–97.
45. Anand SS, Gupta MK, Schulze KM et al. What accounts for
ethnic differences in newborn skinfold thickness comparing South
Asians and White Caucasians? Findings from the STARTand FAM-
ILY Birth Cohorts. International Journal of Obesity. 2016; 40:
239–244.
46. Pu J, Zhao B, Wang EJ et al. Racial/ethnic differences in
gestational diabetes prevalence and contribution of common risk
factors. Paediatric and Perinatal Epidemiology. 2015; 29:
436–443.
47. Hernandez-Rivas E, Flores-Le Roux JA, Benaiges D et al. Ges-
tational diabetes in a multiethnic population of Spain: clinical
characteristics and perinatal outcomes. Diabetes Research and
Clinical Practice. 2013; 100: 215–221.
48. Davies-Tuck M, Mockler JC, Stewart L, Knight M, Wallace
EM. Obesity and pregnancy outcomes: do the relationships differ
by maternal region of birth? A retrospective cohort study. BMC
Pregnancy and Childbirth. 2016; 16(1) (no pagination).
49. Thomson AM, Billewicz WZ, Hytten FE. The assessment of
fetal growth. BJOG: An International Journal of Obstetrics &
Gynaecology. 1968; 75: 903–916.
50. Sattar N, Gill JMR. Type 2 diabetes in migrant south Asians:
mechanisms, mitigation, and management. The Lancet Diabetes
& Endocrinology. 2015; 3: 1004–1016.
51. Sørbye IK, Stoltenberg C, Sundby J, Daltveit AK, Vangen S.
Stillbirth and infant death among generations of Pakistani
immigrant descent: a population-based study. Acta Obstetricia et
Gynecologica Scandinavica. 2014; 93: 168–174.
52. Nair M, Kurinczuk JJ, Brocklehurst P, Sellers S, Lewis G,
Knight M. Factors associated with maternal death from direct preg-
nancy complications: a UK national case–control study. BJOG: An
International Journal of Obstetrics & Gynaecology. 2015; 122:
653–662.
53. Traviss GD, West RM, House AO. Maternal mental health
and its association with infant growth at 6 months in ethnic groups:
results from the Born-in-Bradford birth cohort study. PloS One
2012; 7 e30707.
54. Leon DA, Moser KA. Low birth weight persists in South Asian
babies born in England andWales regardless of maternal country of
birth. Slow pace of acculturation, physiological constraint or both?
Analysis of routine data. Journal of epidemiology and community
health. 2010 jech. 2010.112516.
55. Barnett AH, Dixon AN, Bellary S et al. Type 2 diabetes and
cardiovascular risk in the UK south Asian community.
Diabetologia. 2006; 49: 2234–2246.
56. Bhopal R, Unwin N, White M et al. Heterogeneity of coronary
heart disease risk factors in Indian, Pakistani, Bangladeshi, and
European origin populations: cross sectional study. BMJ: British
Medical Journal. 1999; 319: 215–220.
57. Chu SY, Abe K, Hall LR, Kim SY, Njoroge T, Qin C. Gesta-
tional diabetes mellitus: all Asians are not alike. Preventive
Medicine. 2009; 49: 265–268.

500 Maternal anthropometrics in South Asian women E. Slack et al. obesity reviews

© 2018 The Authors. Obesity Reviews published by John Wiley & Sons Ltd

on behalf of World Obesity Federation

Obesity Reviews 19, 485–500, April 2018


