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ABSTRACT

OBJECTIVE

To study the strength and validity of associations
between adiposity and risk of any type of obstetric or
gynaecological conditions.
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manual screening of references for systematic reviews
or meta-analyses of observational and interventional

studies evaluating the association between adiposity
and risk of any obstetrical or gynaecological outcome.

MAIN OUTCOMES

Meta-analyses of cohort studies on associations
between indices of adiposity and obstetric and
gynaecological outcomes.

DATA SYNTHESIS

Evidence from observational studies was graded into
strong, highly suggestive, suggestive, or weak based
on the significance of the random effects summary
estimate and the largest study in the included meta-
analysis, the number of cases, heterogeneity between
studies, 95% prediction intervals, small study effects,
excess significance bias, and sensitivity analysis with
credibility ceilings. Interventional meta-analyses were
assessed separately.

RESULTS
156 meta-analyses of observational studies were
included, investigating associations between

WHAT IS ALREADY KNOWN ON THIS TOPIC

An increasing number of women are obese, including while pregnant

Several meta-analyses have studied the association between obesity and any
gynaecological or obstetric morbidity and the effect of weight loss interventions
on these outcomes

The proposed associations in previous meta-analyses could be causal but could
also be affected by different inherent biases

WHAT THIS STUDY ADDS

This umbrella review provides a comprehensive critical appraisal of the literature
exploring the strength and validity of the published associations between
obesity, interventions to reduce it, and the risk of obstetric and gynaecological
morbidity

In 258 observational or interventional meta-analyses that assessed the
association between obesity and the incidence of 84 different obstetric or
gynaecological outcome there was strong evidence to support the association
between obesity and increased risk of only eight outcomes (risk of endometrial
and ovarian cancer, fetal macrosomia, pre-eclampsia, low Apgar score (at one
minute), antenatal depression, and total and emergency caesarean section)
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adiposity and risk of 84 obstetric or gynaecological
outcomes. Of the 144 meta-analyses that included
cohort studies, only 11 (8%) had strong evidence
for eight outcomes: adiposity was associated

with a higher risk of endometrial cancer, ovarian
cancer, antenatal depression, total and emergency
caesarean section, pre-eclampsia, fetal macrosomia,
and low Apgar score. The summary effect estimates
ranged from 1.21 (95% confidence interval 1.13 to
1.29) for an association between a 0.1 unit increase
in waist to hip ratio and risk endometrial cancer up
to 4.14 (3.61 to 4.75) for risk of pre-eclampsia for
BMI >35 compared with <25. Only three out of these
eight outcomes were also assessed in meta-analyses
of trials evaluating weight loss interventions. These
interventions significantly reduced the risk of
caesarean section and pre-eclampsia, whereas
there was no evidence of association with fetal
macrosomia.

CONCLUSIONS

Although the associations between adiposity and
obstetric and gynaecological outcomes have been
extensively studied, only a minority were considered
strong and without hints of bias.

Introduction

The number of overweight and obese adults and
children has risen globally from about 857 million
in 1980 to 2.1 hillion in 2013, and the prevalence of
obesity in women has more than doubled within the
past four decades. In most European countries more
than 10% of pregnant women are obese, varying from
7.1% in Poland to 20.7% in Scotland.>

Obesity has been associated with increased
incidences of gynaecological cancers,>” poor survival
from gynaecological cancer,®’ increased incidence of
polycystic ovary syndrome,® and infertility.” Obesity
before and during pregnancy is associated with
multiple health conditions for both the mother and the
fetus, including a higher rate of gestational diabetes,
large for gestational age babies, hypertensive disorders,
instrumental delivery and caesarean section, preterm
birth, and congenital anomalies, a lower initiation rate
and shorter duration of breast feeding, and obesity and
cardiometabolic morbidity in adult life.***?

Although many of the suggested associations
could be causal, some might be biased. Residual
confounding and selective reporting of strong positive
results could overinflate the observed magnitudes
of effect,’*'® and recent umbrella reviews have
shown that, despite the strong claims of significant
associations in several scientific specialties, only
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a fraction were considered to have robust support
without hints of bias.'”*?

We performed an umbrella review of systematic
reviews and meta-analyses of the association between
adiposity indices with risk of any type of obstetric
or gynaecological morbidity to assess the breadth,
strength, and validity of the reported estimates.

Methods

Search strategy and selection criteria

We searched PubMed and the Cochrane database of
systematic reviews from inception to May 2016 for
systematic reviews (with or without meta-analyses)
of observational studies published in English that
investigated the association between adiposity and
risk of any disease, outcome, or health state in the
specialty of obstetrics and gynaecology. Adiposity was
defined as excess accumulation of fat and was used
to capture all obesity indices assessed: body mass
index (BMI), weight, weight gain, gestational weight
gain, waist to hip ratio, waist circumference, hip
circumference, or bariatric surgery. We also searched
for meta-analyses of randomised or non-randomised
controlled trials that investigated dietary, exercise, or
mixed interventions for weight loss and obstetric and
gynaecological outcomes. The search algorithms used
can be found in appendix 1. We additionally hand
searched the references of the articles reaching full
text review to identify any articles possibly missed by
the initial search or any unpublished data. Appendix 1
also provides detailed explanation of data extraction
and analysis.

Inclusion and exclusion criteria

We excluded meta-analyses in which the exposure or
outcome was not relevant to clinical obstetrics and
gynaecology (such as congenital malformations or
childhood obesity and age at menarche), single arm
meta-analyses that did not contain a comparison
group, prognostic studies associating adiposity with
cancer survival or mortality among patients who
already had a diagnosis of gynaecological cancer
or another gynaecological condition, and meta-
analyses assessing obesity as a predictive variable or
screening test.

Meta-analyses that did not present comprehensive
study specific data (number of incident events, number
of study population or person years, relative risks and
95% confidence intervals) and in which the missing
data were not retrievable from the authors of meta-
analyses or from the original studies (considered not
possible when more than one category of study specific
data was missing) were also excluded.

If more than one meta-analysis existed for the
same exposure-outcome association, we selected
the one with the largest number of studies. Meta-
analyses were evaluated as they were originally
presented—expansion of one meta-analysis with
studies detected by another on the same topic was
beyond the scope of this review. In a sensitivity
analysis we further assessed whether there were any
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differences in the summary findings when the same
exposure-outcome association was assessed in more
than one meta-analyses.

For interventional meta-analyses, we included all
meta-analyses of controlled trials investigating dietary,
exercise, or mixed interventions aimed at weight loss
on outcomes included in the main analysis.

Evaluation of the strength of evidence

We graded the strength of the evidence in the reported
associations for observational studies using several
criteria (see appendix 1 and previous publications*
1), An association was deemed as strong when the
P value of the random effects model was <107, the
meta-analysis included >1000 cases/exposed women,
the P value of the largest included study was <0.05,
heterogeneity between studies as measured with I?
statistic was <50%, the meta-analysis did not show
evidence of small study effects, the 95% prediction
interval excluded the null value, there was no evidence
of excess significance bias, and the meta-analysis
survived the 10% credibility ceiling. An association
was considered as highly suggestive if it presented a
P value of <10°® in random effects model, included
>1000 cases/exposed women, and the P value of
the largest study in the meta-analysis was <0.05.
Suggestive associations presented a P value of <10~
in random effects model and included >1000 cases/
exposed women. P<0.05 in random effects models
indicated weak associations.

Evaluation of quality of included meta-analyses

We assessed the quality of all included observational
meta-analyses using the AMSTAR tool, which uses
11 items to measure the methodological quality of
systematic reviews.??

To assess the quality of evidence and risk of bias in
the interventional meta-analyses used in sensitivity
analyses, we extracted and present here the method of
quality assessment performed in each original meta-
analysis.

Our primary analysis focused only on results
from cohort studies, which are considered the ideal
approach in observational research; sensitivity
analyses included case-control studies. Evidence from
interventional meta-analyses was analysed separately.
Figure 1 summarises the applied methods. We used
STATA version 13 for statistical analyses.>* P values
were two tailed.

Patient involvement

No patients were involved in setting the research
question or the outcome measures, nor were
they involved in developing plans for design or
implementation of the study. No patients were asked
to advise on interpretation or writing up of results. It
was not evaluated whether the studies included in the
review had any patient involvement. The results will
be disseminated to the general public through public
presentations and authors’ involvement in different
charities.

doi: 10.1136/bmj j4511 | BMJ 20173594511 | thebmij
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Sensitivity analysis
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Comparison for validity

Fig 1| Graphical presentation of main and sensitivity analyses of meta-analyses investigating obesity and

gynaecological and obstetric conditions

Results

Meta-analyses of observational studies
Characteristics of meta-analyses

We extracted data from 35 manuscripts, which
included 156 meta-analyses with 1308 individual
study estimates (fig 2).>° **°° Each meta-analysis
combined two to 40 study estimates, with a median
of six. The median number of cases and population/
controls in each meta-analysis was 1733 and 151 309,
respectively. The lowest number of cases in a meta-
analysis was 14 and highest was 137 567. A total of
99 individual meta-analyses had at least 1000 cases
of the studied outcome. Most of the 502 unique
individual studies included in this umbrella review
(many appearing in more than one meta-analysis)
were cohort studies (427, 85.1%), 39 (7.8%) were
case-control studies, 22 were cross-sectional studies
(4.4%), and 14 (2.7%) were case series.

These 156 meta-analyses included associations
between eight exposures (body mass index (BMI),
hip circumference, waist circumference, waist to hip
ratio, weight, weight gain, gestational weight gain,
or bariatric surgery) and the incidence of 84 different
outcomes in obstetrics and gynaecology, as reported by
the authors of the original meta-analyses (emergency
and elective caesarean sections, for example, are hence
considered to be two separate outcomes). For each
outcome more than one exposure could be included
(tables A-C, appendix 2).

A total of 144 meta-analyses included at least two
cohort studies with 1163 individual study estimates.
The median number of cases and population/controls
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in each meta-analysis of cohort studies was 1990
and 243 267, respectively, and 98 individual meta-
analyses had at least 1000 cases. There were two
to 40 study estimates combined per meta-analysis
with a median of six. Most meta-analyses (n=110,
76%) used a categorical contrast to measure the
exposure, and in only 34 instances was a continuous
contrast used. For our main analysis we concentrated
only on these meta-analyses of cohort studies as
they constitute the best available evidence among
observational studies.

Citations identified in literature search (n=2577); 19 May 2016
= Citations excluded based on title or abstract (n=2428)
Citations retrieved for more detailed full text evaluation (n=149)

Excluded during full text review (n=108):
Study specific data missing (n=27)
Not meta-analysis or systematic review (n=55)
Exposure not of interest (n=17)
Outcome not of interest (n=8)
No comparison group used (n=1)

Studies meeting all criteria (n=41)

More extensive meta-analysis from all included
exposure and outcome combinations available (n=6)

Studies included in main analyses (n=35; 156 meta-analyses)

Fig 2 | Identification and inclusion of observational meta-
analyses investigating obesity and gynaecological and
obstetric conditions
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Summary effect size

At a threshold of P<0.05 as level of significance, the
summary fixed effects estimates were significant in
115 out of the 144 meta-analyses of cohort studies
(80%), whereas the summary random effects were
significant in 105 (73%). At a threshold of significance
at P<0.001, 97 (67%) and 78 meta-analyses (54%)
produced significant summary results using the
fixed and random effects model, respectively, while
at a threshold of P<10%, 83 (58%) and 51 (35%)
associations were significant (table A in appendix 2).

Of the 51 associations with P<107® in the random
effects model, 50 yielded an increased risk of adiposity
with obstetric or gynaecological conditions (table A in
appendix 2).

Table A in appendix 2 also shows the effect of the
largest study included in each meta-analysis. Most
(n=107, 74%) of these effects were nominally significant
at P<0.05, and 76 showed an increased risk.

The reported odds ratios (n=64) ranged from 0.32
to 5.52, the reported relative risks (n=68) ranged from
0.39 to 4.69, and the three hazard ratios ranged from
1.09 to 1.44 (fig 3). The magnitude of these odds ratios
was small (the summary estimate being between 0.8
and 1.2) in 19 of the 64 meta-analyses (30%), while
12 of the 34 meta-analyses (35%) reported a relative
risk of small magnitude. In 31 (48%) and 30 (44%)
the summary effect estimate was considered moderate
(the summary effect estimate between 1.2 and 2.0
or 0.5 and 0.8), respectively (fig 3). The summary
effect estimates approached 1.00 with decreasing
variances.
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Fig 3 | Association between summary random effects
estimates and inverse of variance in meta-analyses,
stratified by type of exposure-outcome pair
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Heterogeneity between studies

The Q test for heterogeneity was significant at P<0.10
for 75 out of 144 meta-analyses (52%) (table B in
appendix 2). There was moderate to high heterogeneity
(I’=50-75%) in 29 meta-analyses (20%) and
substantial heterogeneity (I>>75%) in 37 (26%). We
further accounted for heterogeneity between studies
by calculating 95% prediction intervals and found
41 associations in which the null value was excluded
(table A in appendix 2).

Small study effects

The presence of small study effects was suggested in
12 meta-analyses (Egger’s test at P<0.10, with more
conservative effects in the largest study of a meta-
analysis compared with the summary random effects
estimate) (table B in appendix 2). Only four of these
12 meta-analyses (associations between BMI and
increased risk of ovarian cancer, miscarriage, low birth
weight, and stillbirth), however, included an adequate
number of studies (10 or more) for Egger’s test to have
adequate statistical power to identify small study
effects.

Excess significance bias

We further assessed the presence of excess
significance bias and explored whether the
observed number of studies with nominally
significant results (“positive” studies, P<0.10)
was different from the expected number of studies
based on the largest study in each meta-analysis,
and observed 11 (8%) meta-analyses in which the
excess significance test was significant (assisted
reproduction: pregnancy rate among women
undergoing IVF (n=1); gynaecological oncology:
complication rate in ovarian cancer surgery (n=1),
incidence of ovarian cancer (n=2), incidence of
endometrial cancer (n=2); obstetric fetal: stillbirth
(n=1), admission to neonatal intensive care unit
(n=1), neonatal death (n=1), fetal death (n=1), and
low birth weight <2500 g (n=1)). When we used the
random or fixed effect estimate as the plausible
effect size, seven meta-analyses presented evidence
of excess significance on both occasions (table B in
appendix 2).

Credibility ceilings

From all 144 meta-analyses, 100 (69%) met nominal
significance (P<0.05) with a credibility ceiling of 5%.
With ceilings of 10%, 15%, and 20%, 70 (49%),
47 (33%), and 31 (22%) meta-analyses remained
significant, respectively (table C in appendix 2).

Quality assessment

We used the 11 item AMSTAR tool to assess the
methodological quality ofall 35 included meta-analyses
of observational studies (table D in appendix 2). Most
reviews selected the studies and extracted the data in
duplicate (25/35, 71%), performed a comprehensive
literature search (27/35, 77%), used appropriate
methods to combine the findings (29/35, 83%),

doi: 10.1136/bmj j4511 | BMJ 20173594511 | thebmij
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Table 1 | Summary of evidence grading for meta-analyses associating obesity and risk of obstetric and gynaecological morbidity from cohort studies.
Risk are for incidences unless stated otherwise

Increased risk

Evidence*
Criteria used Decreased risk Cancer Fetal outcomes Maternal outcomes Other
Strong P<10 °t; >1000 cas- None Endometrial total and Apgar score <7 at 1 min- Antenatal depression —
es; P<0.05 of largest PrMP (WHR per 0.1 units ute (BMI 30-40 v<25 & (BMI >30 v<25);
study in meta-analy- and BMI per 5 kg/m?, >40 v <25); macrosomia caesarean section, total
sis; 12 <50%; no small respectively); ovarian (>30  (GWG, high v normal) (>30 v<25), emergency
study effects; predic- v<25) (30 v<25); pre-eclamp-
tion interval excludes sia, adj (>35 v<25 &
null value; no excess 25-30 v<25)
significance bias§; sur-
vives 10% credibility
ceiling, n=11
Highly P<107°t; >1000 cas- Fetal outcome: SGA Endometrial total (BMI: per ~ Apgar score <7 at 1 GDM (BMI >30 v <25 Assisted
suggestive es; P<0.05 of largest <10th centile (BMI 25-30 5 kg/m?, iya per 5 kg/m?, minute (BMI 25-29.99 v & 25-30 v <25); instru- reproduction:
study in meta-analysis, v <25) >30v<25,WCper10cm, <25); Apgar score <7 at mental delivery (>30 v miscarriage
n=32 weight per 5 kg, weight 5 minutes (30-40 v <25 <25); PPH (>30 v<25); rate (BMI >25
gain per 5 kg); endome- & >40 v<25); LGA>90th ~ PPWR 0-1 years PP v<25)
trial POMP, type | & type Il centile, (>30 v<25; 25- (GWG, high v normal);
(per 5 kg/m?) 30 v<25;>40 v 30-35); pre-eclampsia, unadj
macrosomia >4000 or and adj (>30 v<25 &
4500 g (>30v<25& 25-30 v<25); PTB total
25-30 v <25); stillbirth and induced (>25 v
risk, after h20/28 (per 5 <25;>40 v 30-35;>40
kg/m?) v 30-40)
Suggestive P<107°t; >1000 Assisted reproduction: Ovarian (BMI per 5 kg/m? Antepartum stillbirth BMI PP depression (BMI >30  Assisted
cases, n=22 live birth rate (BMI >25 & BM!I iya per 5 kg/m?) per 5 kg/m?); fetal death v <25); miscarriage (per  reproduction:
v<25&>30v<25). (per 5 kg/m?); infant 5 kg/m? & >25 v <25); miscarriage
Pregnancy rate (25 v<25 death (per 5 kg/m?); mac-  PPWR, 0-21 years pp rate (BMI >30
& 25-30 v<25). Fetal rosomia >4500 g (25-30  (GWG, high v normal) v<25; 25-30
outcome: LBW <2500 g v <25); neonatal death v<25;>30Vv
(GWG high v normal); SGA risk (per 5 kg/m?); NICU <30)
<10th centile (>30 v<25 admission (>30 v<25);
&>40v 30-35) post neonatal death (per
5 kg/m?)
Weak P<0.051, n=34 Assisted reproduction: Cervical (BMI 25-30 v Apgar score <7 at 5 min- Antenatal anxiety (BMI Assisted

live birth rate (BMI 25-30
v <25); ovulation rate
(obese v not, varied cut
offs); pregnancy rate
(>30 v<25). Cancer:
endometrial (bariatric
surgery). Fetal outcome:
LBW <2500 g (BMI 25-30
V<25 &>25 v<25);
macrosomia >4000

g (bariatric surgery);
GDM (bariatric surgery);
gestational hyperten-
sive disorders (bariatric
surgery); PTB <37 preg-
nancy weeks (GWG, high
vnormal)

<25); endometrial (>25 v
<25, HC per 10 cm); endo-
metrial ever & never HRT
(per 5 kg/m? & WG per 5
kg); endometrial mortality
(per 5 kg/m?); ovarian
(weight per 5 kg); ovarian
PrMP & PoMP (>30 v <25);
ovarian Cin, POMP, never
HRT (WG per 5 kg); wound
complication in ovarian
surgery (>30 v<30)

utes (25-29.99 v <25);
score <3 at 5 minutes
(30-40 v <25); early neo-

>30 v< 25); GDM (30-
35<25 &>35v<25;
GWG excess v not); an-

reproduction:
No of oocytes
retrieved (BMI

natal death (per 5 kg/m?);  tepartum haemorrhage >25v<25&
SGA <5th/10th centile (obese v not, varied cut >30 v <30).
(bariatric surgery) offs); maternal infection Reproduc-
(>30v<25); PPWR, 1-9 tive health:
& >15 years pp (GWG, pregnancy rate
high v normal) among COC
users (>30 v
<25). Other:
age at natural
menopause
(BMI 25-29.99
v<25)

Adj=effect estimate based only on studies with adjusted risk estimates; BMI=body mass index; COC=combined oral contraceptive; GDM=gestational diabetes mellitus; GWG=gestational
weight gain; HC=hip circumference; HRT=hormone replacement therapy; iya=in young adulthood; LBW=low birth weight; LGA=large for gestational age; NICU=neonatal intensive care unit;
PoMP=postmenopausal; PrMP=premenopausal; PP=postpartum; PPH=postpartum haemorrhage; PPWR=postpartum weight retention; PTB=preterm birth; SGA=small for gestational age;
unadj=effect estimate based only on unadjusted raw numbers of included studies; WHR=waist to hip ratio; WC=waist circumference;
*For following outcomes no meta-analysis, regardless of exposure, met criteria even for weak evidence: assisted reproduction: cycle cancellation rate, ectopic pregnancy rate, multiple

pregnancy rate, and OHSS rate; gynaecological oncology: cytoreduction rate, febrile complication rate, ileus rate, postoperative pneumonia rate, total complication rate, venous thromboembolism
rate, estimated blood loss, and total operation time in ovarian cancer surgery; obstetric, fetal: asphyxia inc, intrapartum stillbirth risk, perinatal death risk; obstetric, maternal: shoulder dystocia

incidence.

tP values for meta-analysis random effects model.
$Small study effect based on P value from Egger’s regression asymmetry test (P>0.1) where random effects summary estimate was larger compared with point estimate of largest study in

meta-analysis.

§Based on P value (P>0.1) of excess significance test with largest study (smallest SE) in meta-analysis as plausible effect size.

assessed likelihood of publication bias (22/35, 63%),
and provided the characteristics of included studies
(33/35, 94%). Twenty one studies (60%) assessed
the scientific quality of included studies, but only two
(6%) used this assessment to appropriately formulate
the conclusions. None of the included meta-analyses
disclosed funding or other potential conflicts of interest

thebmj | BMJ2017:359:j4511 | doi: 10.1136/bmi.j4511

of either the original studies or the meta-analysis,
and only eight (23%) provided “a priori” published
protocol or statement of ethical approval. Overall,
most studies (32/35, 91%) scored 4 to 7 points and
were considered of moderate quality, two studies (6%)
were considered to be of low quality, and only one
(3%) was high quality.
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Table 2 | Details of associations supported by strong evidence in meta-analyses of cohort studies on obesity and risk of obstetric and gynaecological
morbidity. Outcomes are incidences unless stated otherwise. All statistical tests were two sided

Random Excess

RR (95% Cl) effects 95% 10% significance§

Exposure No of Sample size of largest summary RR  Random  prediction credibility Egger's I P
Outcome studies  (cases/cohort study (95% CI)* Pvaluet interval RR(95% Cl)* P* (%) OJE value
Gynaecological oncology
WHR per Endometrial 5 2447 1.33(1.18to 1.21(1.13t0 1.0° 1.09 to 1.17 (1.04to  0.54 0 3/4.4 NA
0.1 units CA 394340 1.51) 1.29) 1.34 1.31)
BMI per Endometrial CA 6 5981/ 1.53 (1.48t0 1.49 (1.39to 3.17% 1.27 to 136 (1.11to  0.56 20 5/4.2 0.67
5kg/m? PrMP 2558935 1.58) 1.61) 1.76 1.67)
Increase
BMI>30v  Ovarian CA 13 6947/ 1.27 (1.19to 127 (1.17t0  2.6° 1.09 to 1.16 (1.02to  0.88 12 3/53 NA
<25 205603881  1.36) 1.38) 1.47 1.30)
Obstetric, fetal
BMI 30-40 Apgar <7 at 1 4 16187/ 1.27 (1.22to 129 (1.23t0 <171 1.10to 1.28 (1.06to  0.51 20 4/3.9 1.00
v<25 minute 230884 1.32) 1.36) 1.52 1.56)
BMI >40 Apgar <7 at 1 3 9958/ 1.63(1.52t0 1.63(1.53t0 <17'% 1.08 to 1.64 (1.06t0  0.62 0 3/3.0 1.00
v<5 minute 153104 1.74) 1.74) 2.47 2.55)
GWG high  Macrosomia 11 25985/ 2.00(1.90t0 2.08(1.92t0 <17'%° 1.72to 206 (1.46t0  0.14 41 9/11.0 NA
v normal risk: >4000 g 401803 2.10) 2.26) 2.52 2.92)
Obstetric, maternal
BMI>30v Antenatal 23 6370/ 1.48 (1.32to  1.48 (1.32to 137! 1.07 to 1.30(1.13t0  0.97 39  7/120 NA
<25 depression risk 46182 1.67) 1.66 2.05 1.49)
BMI>30v Caesarean 6 2301/ 1.51(1.21to 1.63(1.40t0 4.0 1.31to 1.63(1.15t0  0.29 0 5/3.9 0.67
<25 section- 18749 1.89) 1.89) 2.02 2.31)
emergency

BMI>30v Caesarean 16 8413/ 2.02(1.79t0 2.00(1.87t0 <17'° 1.86 to 1.86 (1.45t0  0.66 0 12/14.5 NA
<25 section-total 62277 2.28) 2.15) 2.16 2.39)
BMI 25-30 Pre-eclampsia 12 30001/ 1.74 (1.69to 170 (1.60t0 <171 1.49to 1.59 (1.26to  0.38 29 10/10.8 NA
v<25 (adjusted)** 1091624 1.80) 1.81) 1.95 2.01)
BMI>35v Pre-eclampsia 5 12614/ 428 (3.48t0 4.14(3.61t0 <17'° 3.32to 3.96 (1.54t0 0.84 0 5/5.0 1.00
<25 (adjusted)** 901409 5.26) 4.75) 5.17 10.2)

BMI=body mass index; WHR=waist to hip ratio; CA=cancer; NA=not applicable, because estimated number is larger than observed, and there is no evidence of excess significance based on
assumption made for plausible effect size; PrMP=premenopausal; GWG=gestational weight gain.
*From random effects model. RR for categorical outcome measure.

tP value of summary random effects

estimate.

+From Egger’s regression asymmetry test.
§Expected number of significant studies with point estimate of largest study (smallest SE) as plausible effect size. O/E=observed/expected number of studies with significant results. P value for

excess significance test.
fiPerson years.

**Estimate based on studies that used adjusted risk estimates

Grading of evidence

We further explored which of the reported associations
had strong, highly suggestive, suggestive, or weak
evidence (table 1). Only 8% of meta-analyses (11/144)
met the criteria for strong evidence (table 2): they
examined associations between obesity and increased

risk of endometrial cancer (n=2), ovarian cancer (n=1),
fetal macrosomia (n=1), low Apgar score at one minute
(n=2), antenatal depression (n=1), total (elective and
emergency) and emergency caesarean section (n=1
for both outcomes), and pre-eclampsia (n=2). Most
examined the effect of BMI (nine studies), whereas one

Table 3 | Details of associations supported by highly suggestive evidence in meta-analyses of cohort studies on obesity and risk of obstetric and
gynaecological morbidity. Outcomes are incidences unless stated otherwise. All statistical tests were two sided.

Random Excess
effects 95% significance§
Sample RR(95% Cl)  summary pre- 10% cred-
No of size (cases/  of largest RR (95% Random  diction ibility RR Egger's 12 P
Exposure Outcome studies  cohort) study cn* Pvaluet interval (95% CI)* P$ (%) OJE value
Assisted reproduction
BMI>25 v<25 Miscarriage rate 20 3651/ 1.35(1.20 131(1.18 1.6 0.97 to 1.18 (1.05 1.00 46 8/8.0 1.00
17797 to 1.53) to 1.45) 1.77 to 1.33)
Gynaecological oncology
WG per 5 kg Endometrial 7 2806/ 1.17 (1.12 1.16 (1.12 377 1.06to  1.13(1.05 0.95 47 6/2.8 0.02
increase cancer 460901 to 1.22) to 1.20) 1.27 t0 1.22)
Weight per 5 kg Endometrial 7 1778/ 1.11 (1.08 117 (113 777" 1.04 to 1.15 (1.06 0.29 62 6/1.0 <0.01
cancer 342382 to 1.15) to 1.22) 1.31 to 1.25)
BMI iya per 5 Endometrial 9 4345/ 1.23(1.11 1.45(1.28 1.97° 0.98 to 1.33(1.14 0.41 75 8/5.2 0.09
kg/m? cancer 631915 t0 1.35) t0 1.64) 2.15 to 1.55)
(Continued)
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Table 3 | Details of associations supported by highly suggestive evidence in meta-analyses of cohort studies on obesity and risk of obstetric and

gynaecological morbidity. Outcomes are incidences unless stated otherwise. All statistical tests were two sided. (Continued)

Random Excess
effects 95% significance§
Sample RR(95% Cl)  summary pre- 10% cred-
No of size (cases/  of largest RR (95% Random diction ibility RR Egger's |2 P
Exposure Outcome studies  cohort) study cn* Pvaluet interval (95% CI)* Pt (%) OJ/E value
BMI per 5 kg/m”  Endometrial 28 22320/ 1.65(1.60  1.54(1.47 <171 1.26t0  1.41(1.26  0.35 81  26/25.5 1.00
cancer 6 445255 to 1.71) to 1.61) 1.89 to 1.57)
BMI>30v<25  Endometrial 6 4327/ 2.73(2.48 3.10(2.63 <17 1.92to  2.99(1.49 0.24 66  6/6.0 1.00
cancer 1485506 t0 2.99) t0 3.65) 5.00 t0 6.02)
WC per 10 cm Endometrial 4 1524/ 1.28 (1.19 127 117 7.3°® 0.88 to 1.20(1.03 0.59 70 3/2.9 1.00
cancer 315,770 to 1.37) to 1.39) 1.85 to 1.38)
BMI per 5 kg/m2 Endometrial 6 10075/ 1.51 (1.45 1.60 (1.40 1.4°1 1.01to 1.52 (1.16 0.88 89 6/5.0 0.60
cancer, PoMP 2558935 to 1.58) to 1.83) 2.53 t0 1.98)
BMI per 5 kg/m?  Endometrial 3 7125/ 1.58 (1.53 1.75(1.51 1.8 030to 1.71(1.06 0.26 82  3/2.9 1.00
cancer, type | 1102927 t0 1.62) t0 2.03) 10.24 t0 2.77)
BMI per 5 kg/m2 Endometrial 3 1059/ 1.35(1.25 1.59 (1.29 577 0.24 to 1.47 (1.03 0.52 76 3/1.5 0.25
cancer, type Il 1102927 to 1.46) t0 1.78) 9.67 t0 2.08)
Obstetric, fetal
BMI 25-30 v Apgar score <7 3 14953/ 1.13(1.09 1.14 (1.09 1.071° 0.84 to 1.12 (1.01 0.79 8 2/2.5 NA
<25 at 1 minute 215524 t0 1.17) t0 1.18) 1.54 to 1.24)
BMI 30-40 v Apgar score <7 8 4050/ 1.26 (1.16 1.40 (1.27 2671 1.12 to 1.34(1.12 0.04 34 6/5.6 1.00
<25 at 5 minutes 340894 to 1.36) to 1.54) 1.75 to 1.61)
BMI>40 v<25 Apgar score <7 6 3015/ 1.70 (1.46 1.66 (1.36 7.57 0.91to 1.22 (0.96 0.67 67 4/5.9 NA
at 5 minutes 290134 t0 1.98) t0 2.02) 3.02 t0 1.56)
BMI 25-30 v LGA >90th 18 92234/ 1.54 (1.50 157 (1.47  <17%° 1.25t0  1.34(1.19 0.73 89  16/17.4 NA
<25 centile 1041119 to 1.57) to 1.67) 1.97 t0 1.52)
BMI>30 v <25 LGA >90th 19 88791/ 1.95 (1.90 2.11(1.97 S 1.62to 1.68 (1.35 0.34 90 17/9.0 NA
centile 969294 to 1.99) t0 2.27) 2.75 t0 2.08)
BMI >40 v LGA >90th 7 32377/ 1.30 (1.26 136 (1.29 6.1°%° 1.17 to 1.22 (1.03 0.93 68 4/5.0 NA
30-35 centile 229817 to 1.35) to 1.45) 1.59 to 1.45)
BMI 25-30 <25 Macrosomia 19 93168/ 1.54 (1.50 1.54 (1.45 S 1.22to 1.32(1.18 0.91 89 17/18.4  NA
>4000 g 1049501 t0 1.57) to 1.64) 1.95 to 1.47)
BMI>30 v<25 Macrosomia 20 89849/ 1.95 (1.90 2.08 (1.94 S 1.61to 1.68 (1.36 0.40 90 18/20.0 NA
>4000 g 977613 t0 1.99) t0 2.23) 2.70 t0 2.07)
BMI>30 v <25 Macrosomia 7 2405/ 1.94(1.72 3.59 (2.53 7.9 1.23 to 2.89 (1.48 0.18 89 7/4.9 0.11
>4500 g 154197 t0 2.18) t0 5.09) 10.52 t0 5.62)
BMI 25-30 v SGA <10th 14 71232/ 079(0.77 0.80(0.73 257 061to 087078 0.50 88  8/9.1 NA
<25 centile 774816 t0 0.81) t0 0.87) 1.05 t0 0.96)
BMI per 5kg/m?  Stillbirth >20/28 18 16274/ 1.14 (1.11 1.24(1.18 14718 1.03to  1.12(1.06  0.02 79  15/7.4  <0.01
weeks’ gestation 3288688 t0 1.16) to 1.30) 1.48 t0 1.18)
Obstetric, maternal
BMI>30 v <25 GDM 30 7941/ 4.80 (4.43 378 (331 <171 2.22to 3.29 (2.31 0.70 74 25/28.0 NA
361340 t0 5.21) t0 4.32) 6.43 to 4.70)
BMI 25-30 v GDM 17 6746/ 2.29 (2.12 1.97 (1.76 7.9 1.44 to 1.66 (1.29 0.52 56 11/13.7 NA
<25 394338 to 2.47) t0 2.19) 2.67 t0 2.13)
BMI>30 v <25 Instrumental 4 114847/ 1.17 (1.13 1.17 (1.12 5.9°1 0.99 to 1.12 (0.98 0.96 51 3/3.7 NA
delivery 1671077 to 1.21) to 1.23) 1.39 t0 1.29)
BMI>30 v <25 PPH 7 95586/ 1.19 (1.15 1.48 (1.27 6.07 0.94 to 1.31(1.08 0.06 85 5/4.5 1.00
1692216 to 1.23) to 1.73) 2.34 to 1.59)
GWG high v PPWR (kg) at0-1 8 9229/ 2.50(2.35 3.02(2.31 <17 0.66to  2.31(0.90 0.88 95  7/7.2 NA
normal years 176571 t0 2.65) t0 3.73) 5.38 t03.71)
BMI>30 v<25 Pre-eclampsia, 40 137567/ 2.64 (2.59 2.82 (2.57 S 1.65 to 2.49(1.98 0.78 98 38/38.6 NA
unadj 4430230 t0 2.70) t0 3.10) 4.82 t03.13)
BMI 25-30 v Pre-eclampsia, 38 106770/ 1.96 (1.91 2.08 (1.98 S 1.65 to 1.87 (0.58 0.56 89 35/34.7 1.00
<25 unadj 3271222 t0 2.01) t0 2.19) 2.63 t02.21)
BMI>30v<25  Pre-eclampsia, 10 36457/ 3.37 (3.25 2930258 <171 207t0  2.81(1.70 0.11 67  10/10.0 1.00
adj 1791255 to 3.49) t0 3.33) 4.15 t0 4.66)
BMI>25 v <25 PTB (induced) 5 5664/ 1.28 (1.20 130(1.23 2777 1.19 to 1.35 (1.09 0.03 0 3/3.2 NA
at <37 weeks’ 133307 to 1.36) to 1.37) 1.41 to 1.68)
gestation
BMI >40 v PTB <37 weeks’ 19 43266/ 1.17 (1.12 1.20(1.13 9.4710 1.01 to 1.14 (1.06 0.51 60 10/9.3 0.82
30-40 gestation 516546 to 1.21) t0 1.27) 1.42 to 1.21)
BMI >40 v PTB <37 weeks’ 10 22964/ 1.19 (1.14 1.31(1.19 1.8°8 1.01to 1.24 (1.09 0.44 70 7/5.0 0.34
30-35 gestation 295103 to 1.24) to 1.43) 1.68 to 1.41)

BMI=body mass index; WG=weight gain; iya=in young adulthood; WC=waist circumference; LGA=large for gestational age; NA=not applicable, because estimated number is larger than observed,
and there is no evidence of excess significance based on assumption made for plausible effect size; SGA=small for gestational age; GDM=gestational diabetes mellitus; PPH=postpartum

haemorrhage; PPWR=postpartum weight retention; PTB=preterm birth; adj=effect estimate based on studies with adjusted risk estimates; unadj=effect estimate based on unadjusted raw
numbers of included studies.
*From random effects model. RR for categorical outcome measure.
1P value of summary random effects estimate.
$From Egger’s regression asymmetry test.
§Expected number of significant studies with point estimate of largest study (smallest SE) as plausible effect size. 0/E=observed/expected number of studies with significant results. P value for
excess significance test.

fIMean difference.
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study examined gestational weight gain and one waist
to hip ratio. The summary effect estimates ranged from
1.21 (95% confidence interval 1.13 to 1.29) for an
association between a 0.1 unit increase in waist to hip
ratio and risk of endometrial cancer up to 4.14 (3.61 to
4.75) for risk of pre-eclampsia in women with BMI >35
compared with <25.

Ahigher proportion of meta-analyses were supported
by highly suggestive evidence (32/144, 22%) and
evaluated associations between obesity and increase
in risk of miscarriage among women undergoing IVF,
endometrial cancer (n=9), large for gestational age
(n=3), macrosomia (n=3), low Apgar score at one
and five minutes (n=3), stillbirth (n=1), gestational
diabetes mellitus (n=2), instrumental delivery (n=1),
postpartum haemorrhage (n=1), postpartum weight
retention (n=1), pre-eclampsia (n=3), and preterm
birth (n=3) and decrease in risk of babies small for
gestational age (table 3).

About a sixth of meta-analyses (23/144, 16%)
described suggestive evidence, a quarter (39/144,
27%) were supported only by weak evidence, and 27%
showed no association (P>0.05) (table 1 and table E in
appendix 2).

Sensitivity analysis

When we assessed both cohort and case-control
studies, two further associations met the criteria for
strong evidence: the effect of BMI on macrosomia and
risk of postpartum depression, both considered to be
suggestive when we included only cohort studies. Two
associations no longer met the criteria to be ranked as
“strong,” including the association between BMI and
antenatal depression and the association between
gestational weight gain and macrosomia (table F in
appendix 2).

We identified 107 duplicate meta-analyses, 34 from
studies meeting all inclusion criteria (six studies)
and 73 from studies with more than one category
of study specific data missing (number of cases
or cohort, relative risk, 95% confidence interval)
(n=22), investigating the same exposure and outcome
association for 28 outcomes (table G in appendix 2).
For most of these duplicate meta-analyses, there was
agreement in principle on the direction, magnitude,
and significance of the summary associations with the
included meta-analyses.

Meta-analyses of interventional studies
We identified 102 meta-analyses of interventional
studies from 18 publications,”””* including 292
individual study estimates, of which 287 were
from randomised controlled trials, four from quasi-
randomised trials, and one from anon-randomised trial,
describing the effect of dietary interventions (n=33),
physical exercise (n=21), or mixed interventions
(n=48) aimed to reduce weight or gestational weight
gain on 19 outcomes (table H in appendix 2).
Nominally significant associations were observed
in 27/102 (26%) meta-analyses for 16 associations
on 10 separate outcomes: between physical exercise

RESEARCH

and reduced rates of large for gestational age babies,
caesarean section, gestational diabetes, gestational
weight gain, excessive gestational weight gain, and
postnatal depression; between dietary interventions
and reduction of gestational diabetes, gestational
weight gain, pre-eclampsia, preterm birth, postpartum
weight retention, and shoulder dystocia; and between
mixed approach with reduced risk of gestational weight
gain, excessive gestational weight gain, pre-eclampsia,
and shoulder dystocia (table H in appendix 2).

Altogether 16 out of 18 publications assessed the
risk of bias of the included studies (table I in appendix
2). Most publications (11/18) used the Cochrane risk
of bias tool”” 7® or a modification of this. Other tools
for assessment of methods or risk of bias included
the CONSORT statement (n=2), GRADE score (n=2),
Jadad score (n=3), PRISMA guidelines (n=2), and a
modified Delphi list (n=1). Six publications used more
than one tool to assess bias, and two publications
used none. In all publications most of the primarily
included studies were deemed as low risk of bias/high
methodological quality, except in two®’ >® in which no
study scored more than 3 points on a 5 point Jadad
scale (table H in appendix 2). For the two publications
(30 meta-analyses) that used the GRADE method,”’
21 out of the 30 meta-analyses presented moderate
or high levels of evidence (table H in appendix 2). Of
the 20 exposure-outcome pairs with more than one
interventional meta-analysis, most presented results
were essentially similar as 95% confidence intervals
overlapped between duplicate meta-analyses (table H
in appendix 2).

Altogether 17 outcomes were studied by both
observational and interventional meta-analyses,
whereas two outcomes were studied only by
interventional (gestational weight gain and excessive
gestational weight gain) and 67 only by observational
meta-analyses. When we compared the results between
interventional and observational meta-analyses,
the effect was concordant (for example, adiposity
increased the incidence, whereas the intervention
decreased it and vice versa) for all nominally
significant associations apart from one. The rate of
shoulder dystocia was not associated with adiposity in
the observational meta-analysis, though it decreased
with interventions that reduced obesity.

Out of eight outcomes that met the strong criteria in
observational studies, only three were studied in meta-
analyses of interventions that could reduce obesity.
These interventions were found to significantly reduce
the rates of total caesarean section and pre-eclampsia,
whereas the results for fetal macrosomia did not reach
nominal significance. No interventional meta-analyses
have been published on the five remaining outcomes
with strong associations (endometrial or ovarian
cancer, low Apgar score at one minute, antenatal
depression, or emergency caesarean section). Out of the
13 outcomes supported by highly suggestive evidence,
11 were assessed in at least one meta-analysis
of interventions. These interventions resulted in
significant reduction in the rates of large for gestational
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age, gestational diabetes mellitus, postpartum weight
retention, pre-eclampsia, and preterm birth in at least
one meta-analysis. The rates of macrosomia, small for
gestational age, stillbirth/intrauterine death, perinatal
mortality, instrumental delivery, low Apgar score at five
minutes, or risk of postpartum haemorrhage were not
significantly reduced by interventions, whereas the
rate of miscarriage after IVF or any type of endometrial
cancer was not assessed in any interventional meta-
analysis.

Discussion

Main findings and interpretation in light of evidence
We included 156 meta-analyses of observational
studies and 102 meta-analyses of clinical trials that
evaluated the current evidence on the association of
different adiposity indices with any type of obstetric
or gynaecological condition. Eleven meta-analyses of
observational studies examining eight outcomes met
the criteria for strong associations. These examined the
associations between adiposity indices (mostly BMI)
and the risk of endometrial and ovarian cancer, fetal
macrosomia, pre-eclampsia, low Apgar score (at one
minute), antenatal depression, and total and emergency
caesarean section. Furthermore, we observed highly
suggestive evidence for 32 associations that included
risks of these outcomes with various other indices of
obesity and, in addition, new outcomes that included
the rate of miscarriage among women undergoing
IVF, fetal macrosomia, low Apgar score (at five
minutes), stillbirth, gestational diabetes, instrumental
delivery, postpartum haemorrhage, postpartum
weight retention, and preterm birth as well as inverse
association with rates of small for gestational age. We
identified at least one interventional meta-analysis
of weight loss interventions that reported nominally
significant reductions in the rates of total caesarean
sections, pre-eclampsia, large for gestational age,
gestational diabetes, postpartum weight retention,
pre-eclampsia, and preterm birth. The results of
interventional meta-analyses were not significant for
other outcomes including the rate of macrosomia,
small for gestational age, stillbirth/intrauterine death,
perinatal mortality, Apgar score <7 at five minutes,
instrumental delivery, or postpartum haemorrhage.
We did not find any meta-analyses that explored the
impact of interventions that reduce obesity on the risk
of miscarriage after IVF, any type of endometrial or
ovarian cancer, antenatal depression, or emergency
caesarean section.

Two recent reviews with narrative analysis associated
obesitywith atleast 22 pregnancy related outcomes.**”®
Nineteen out of these 22 outcomes have been assessed
in observational meta-analyses and were included
in our review, but only five were supported by strong
evidence (macrosomia, postnatal depression, total and
emergency caesarean section, and pre-eclampsia). In
these former reviews the claimed associations were
based on nominal significance of a meta-analysis
or single studies without systematic assessment of
possible biases, whereas as in the current umbrella

thebmj | BMJ2017:359:j4511 | doi: 10.1136/bmi.j4511
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review we applied a transparent and replicable set of
criteria to evaluate the quality and categorise the level
of existing observational evidence.

One of the most prominent associations identified in
the current umbrella review was that between obesity
and risk of endometrial cancer, for which two meta-
analyses met the criteria for strong and nine for highly
suggestive evidence. The association between waist to
hip ratio and incidence of total endometrial cancer was
supported by strong evidence. The association of BMI
(per 5 unit increase) with premenopausal endometrial
cancer was supported by strong evidence and with
highly suggestive evidence for risk of postmenopausal
endometrial cancer. It is plausible that the difference
in the evidence grading is because of heterogeneity
caused by possible interactions with HRT use for
postmenopausal endometrial cancer.”’ The evidence
was highly suggestive for the association between BMI
and both type I and type II endometrial cancer and the
associations between total endometrial cancer and
waist circumference, weight, weight gain, and BMI in
young adulthood around the age of 20. These results
agree with those from recent Mendelian randomisation
studies, in which increasing BMI (but not waist to hip
ratio), hyperinsulinemia, and genetically predicted
higher BMI were found to be causally associated with
risk of endometrial cancer.?°®! Furthermore, the results
are consistent with the reports of the World Cancer
Research Fund Continuous Update Project (WCRF CUP),
which rates the association between total endometrial
cancer and BMI as convincingly causal and between
waist circumference and waist to hip ratio as probably
causal and with a recent report from the International
Agency for Research on Cancer (IARC) on body fatness
and cancer that concluded a strong causal relation
between adiposity measures and risk of endometrial
cancer.®? None of these studies have rated the evidence
separately for pre-menopausal and post-menopausal
women and for different histological subtypes,®* and
no meta-analyses of randomised controlled trials have
studied the effects of weight loss interventions on risk
of endometrial cancer.

The association between BMI as a categorical
variable, evaluated as obese versus normal weight,
and the risk of ovarian cancer was strong. When this
was assessed for BMI as a continuous variable (per
5 unit increase), the summary effect estimate was
smaller (1.27 v 1.08), and the evidence was judged
as only suggestive. A recent Mendelian randomisation
study suggested a causal positive association between
adult BMI and risk of ovarian cancer,®* while the
WCRF CUP graded the evidence as probably causal.®’
Similarly, IARC recent reported that there was strong
evidence for an association between adiposity and
ovarian cancer.??

Several meta-analyses have investigated the impact
of maternal weight or weight gain on the weight of the
fetus/neonate. The evidence supporting the association
between gestational weight gain and birth weight above
4000 g was strong, while the evidence supporting the
association between BMI and macrosomia at birth and
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fetuses large for gestational age was highly suggestive
because of large heterogeneity between studies.
These findings are in line with a recent Mendelian
randomisation study that showed maternal BMI
to be causally associated with higher birth weight
in offspring.®¢ Macrosomia at birth has important
implications, with links to obesity later in life®” as well
as obstetric complications (such as shoulder dystocia,
caesarean delivery, perineal trauma, and postpartum
haemorrhage®®°°). The “inter-connectivity™ of these
strong or highly suggestive associations with obstetric
complications was obvious, as the evidence for
adiposity and increased rate of both emergency and
total caesarean section was strong in observational
meta-analyses. This was further corroborated by one
meta-analysis of trials that reported a significant
decrease in the rate of caesarean section with physical
exercise when a physical exercise programme was
compared with standard care. Although the results
were not significant, there was a trend towards
reduced rates of caesarean section in meta-analyses
that assessed other interventions, including diet and
the combination of diet and exercise.”® ¢° > 67 68 70
Furthermore, the associations between adiposity and
low Apgar score at birth were supported by strong and
highly suggestive evidence, probably because obesity
predisposes to higher risk of gestational diabetes, pre-
eclampsia, and fetal macrosomia.

The association between obesity and risk of
gestational diabetes was supported by highly
suggestive evidence. The summary effect estimates
in the included meta-analyses were high (varying
from 2.0 to 3.8), while both dietary interventions and
physical exercise significantly reduced the incidence.
Although this suggests that the association is likely
to be true, the evidence was not graded as strong,
possibly because of high heterogeneity arising from
variation of the clinical definitions across countries.

Two out of five observational meta-analyses showed
strong evidence to suggest an association between BMI
and the risk of pre-eclampsia, with large summary
point estimates, varying between 1.7 and 4.1, while the
three others were considered to be highly suggestive.
This was further confirmed by three interventional
meta-analyses that documented significant reductions
in the risk of pre-eclampsia by interventions that
reduce obesity, which predominantly had a low risk of
bias.

Meta-analyses of interventions that reduce obesity
(such as dietary interventions or physical exercise)
have been shown to reduce gestational weight gain,>®
63 6569 72 though this did not lead to a reduction
for most obstetric complications. Only 15% of the
included interventional meta-analyses on obstetric
outcomes other than gestational weight gain reached
nominal significance for eight studied outcomes
(physical exercise and rates of large for gestational
age, caesarean section, gestational diabetes, postnatal
depression; dietary interventions and rates of
gestational diabetes, pre-eclampsia, preterm birth,
postpartum weight retention, shoulder dystocia; mixed

approach and rates of pre-eclampsia and shoulder
dystocia). Obesity creates an unfavourable metabolic
environment from early gestation and initiation of
weight loss interventions during pregnancy might be
too late to prevent or reverse adverse effects,”’ which
underlines the importance of weight management
strategies before conception.

Strengths and limitations
This umbrella review presents the most comprehensive
critical appraisal of the literature of published
associations between indices of adiposity and risk of
any type of obstetric or gynaecological morbidity to
date. The categorisation of the evidence was based on
a wide range of statistical tests and sensitivity analyses
aimed to assess evidence strength and validity.'”?2%*%°
Possible limitations and caveats should be
considered in the interpretation of our findings. Our
review relied on previously published meta-analyses
and literature searches performed by the authors of
the meta-analyses. Some individual studies might have
been missed, but this is unlikely to have influenced our
findings because our assessment of duplicate meta-
analyses on the same associations between exposure
and outcome reported similar summary results. In
addition, we have currently evaluated all associations
(such as primary outcomes, outcome subtypes,
different definitions of same outcome, associations
by menopausal status, and use of HRT) for which
the original published meta-analyses reported study
specific results, but we could have missed other
subanalyses that meta-analyses have not reported on
with sufficient detail. Although the overall number of
studies was large, for some associations the number
of studies included in a meta-analysis was small.
This would therefore limit the ability to assess the
presence of small study effects and excess significance
bias because of low power of the statistical tests. For
this reason, our estimates are conservative and the
problem might be more severe. Finally, the statistical
tests used to explore presence of bias can offer only
hints of bias but do not prove its definitive presence
or its exact source. Our estimates, however, are likely
to be conservative as a negative test for bias does not
exclude the potential for bias.

Conclusion

The association between obesity and the risk of
any obstetric or gynaecological morbidity has been
extensively studied. Observational associations
between obesity and risk of eight outcomes are
supported by strong evidence, but for only two of them
(total caesarean section and pre-eclampsia) is there
supporting evidence from meta-analyses of clinical
trials. Other associations could also be valid, but there
is still uncertainty about them.

There is still paucity of data in many of the explored
associations and the number of interventional
meta-analyses is limited. With obesity becoming a
global epidemic, the assessment of the strength of
the evidence supporting the impact of adiposity in
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gynaecological and obstetric conditions could allow
the identification of women at high risk for adverse
outcomes and increased morbidity and allow better
prevention. Observed large heterogeneity in many
of the explored associations might reflect biases,
such as residual confounding or selective reporting
bias. To draw firmer conclusions, we need more
prospective studies and large collaborations with
better assessment of the changing nature of body
fatness and with comprehensive standardised
reporting of analyses.
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