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O verweight and obesity are major

societal problems that are associ-
ated with a number of deleterious health
and wellbeing outcomes that include
type II diabetes mellitus,! dementia,’
and cardiovascular disease (CVD)” and
result in a significant global economic
burden” and poorer quality of life.” This
is of particular importance for women
because CVD is the leading cause of
death in women worldwide.” Many po-
tential factors/mechanisms have been
implicated in the accumulation of fat
mass at midlife; these include aging,7
decreased physical activity levels,” and
sarcopenia (ie, loss of lean muscle mass),
which can decrease the resting metabolic
rate.” However, hormonal changes in
middle-aged women may also be rele-
vant particularly in moderating increases
in body fat.'”'" Given that the average
age of menopause lies between 46-52
years'” and that the average life expec-
tancy of women in developed countries
lies at approximately 81 years,'” women
will spend, on average, almost 40% of
their lives in a postmenopausal state. It is
therefore necessary to better understand
whether and how menopause might
predispose to increasing body fat to
better target interventions and health
policy responses.

Menopause is defined as the final
menstrual period and is characterized by
the progressive decline of endogenous
estrogen levels.'* Some studies have

From Centre for Research on Ageing, Healthand
Wellbeing, Research School of Population
Health, Australian National University, Canberra,
Australia.

The authors report no conflict of interest.
Corresponding author: Ananthan Ambikairajah,

BSc, MTeach, PhDc. ananthan.ambikairajah@
anu.edu.au

0002-9378/$36.00
© 2019 Elsevier Inc. All rights reserved.
https://doi.org/10.1016/j.8jog.2019.04.023

OBJECTIVE: Data: Fat mass has been shown to increase in aging women; however, the
extent to which menopausal status mediates these changes remains unclear. The purpose
of this review was to determine (1) how fat mass differs in quantity and distribution between
premenopausal and postmenopausal women, (2) whether and how age and/or meno-
pausal status moderates any observed differences, and (3) which type of fat mass measure
is best suited to the detection of differences in fat mass between groups.

STUDY: This review with metaanalyses is reported according to Metaanalysis of
Observational Studies in Epidemiology guidelines.

STUDY APPRAISAL AND SYNTHESIS METHODS: Studies (published up to May 2018)
were identified via PubMed to provide fat mass measures in premenopausal and post-
menopausal women. We included 201 cross-sectional studies in the metaanalysis, which
provided a combined sample size of 1,049,919 individuals and consisted of 478,734
premenopausal women and 571,185 postmenopausal women. Eleven longitudinal studies
were included in the metaanalyses, which provided a combined sample size of 2472
women who were premenopausal at baseline and postmenopausal at follow up.
RESULTS: The main findings of this review were that fat mass significantly increased
between premenopausal and postmenopausal women across most measures, which
included body mass index (1.14 kg/m? 95% confidence interval, 0.95-1.32 kg/m?),
bodyweight (1 kg; 95% confidence interval, 0.44—1.57 kg), body fat percentage (2.88%;
95% confidence interval, 2.13-3.63%), waist circumference (4.63 cm; 95% confidence
interval, 3.90-5.35 cm), hip circumference (2.01 cm; 95% confidence interval, 1.36—
2.65 cm), waist-hip ratio (0.04; 95% confidence interval, 0.03-0.05), visceral fat (26.90
cm?; 95% confidence interval, 13.12—40.68), and trunk fat percentage (5.49%; 95%
confidence interval, 3.91-7.06 cm?). The exception was total leg fat percentage, which
significantly decreased (—-3.19%; 95% confidence interval, —5.98 to —0.41%). No
interactive effects were observed between menopausal status and age across all fat
mass measures.

CONGLUSION: The change in fat mass quantity between premenopausal and post-
menopausal women was attributable predominantly to increasing age; menopause had
no significant additional influence. However, the decrease in total leg fat percentage and
increase in measures of central fat are indicative of a possible change in fat mass
distribution after menopause. These changes are likely to, at least in part, be due to
hormonal shifts that occur during midlife when women have a higher androgen (ie,
testosterone) to estradiol ratio after menopause, which has been linked to enhanced
central adiposity deposition. Evidently, these findings suggest attention should be paid to
the accumulation of central fat after menopause, whereas increases in total fat mass
should be monitored consistently across the lifespan.

Key words: adiposity, BMI, body fat percentage, DEXA, fat mass, female, menopause,
premenopausal, postmenopausal, waist circumference

proposed that the decrease in endoge-
nous estrogen levels may modulate body
fat quantity and distribution and result
in greater overall body fat and an
increased amount of central fat

. 10,15-17
in  postmenopausal women.

However, there is a divide in the litera-
ture with some researchers suggesting
that any observed differences in fat mass
quantity or distribution in women at

NOVEMBER 2019 American Journal of Obstetrics & Gynecology 393


http://crossmark.crossref.org/dialog/?doi=10.1016/j.ajog.2019.04.023&domain=pdf
mailto:ananthan.ambikairajah@anu.edu.au
mailto:ananthan.ambikairajah@anu.edu.au
https://doi.org/10.1016/j.ajog.2019.04.023
http://www.AJOG.org
http://www.AJOG.org

AJOG at a Glance

Why was this study conducted?

Key Findings

age.

The purpose of this study was to determine how fat mass differs in quantity and
distribution between premenopausal and postmenopausal women and whether
age and/or menopausal status moderates any differences between the groups.

Fat mass increased between premenopausal and postmenopausal women across
most measures (eg, waist circumference), except for total leg fat percentage, which
decreased. No interactive effects were observed between menopausal status and

What does this add to what is known?

The change in fat mass quantity was attributable predominantly to increasing age,
with menopause having no significant additional influence. However, the decrease
in total leg fat percentage and increase in measures of central fat are indicative of
a possible change in fat distribution after menopause. Therefore, attention should
be paid to the accumulation of central fat after menopause, whereas increases
in total fat mass should be monitored consistently across the lifespan.

midlife are primarily due to aging, with
menopausal status having little to no
effect.'"” " The contradictory findings
could be due to a number of factors that
include (1) the intertwined relationship
between menopause and aging, (2) the
heterogeneity in criteria that were used
between studies when defining pre-
menopausal and  postmenopausal
women, and (3) the heterogeneity of
measures used between studies when
they investigated fat mass changes in
quantity and distribution.

Because of the inconsistent evidence, it
is important to pool data from available
studies to determine the differences in fat
mass quantity and distribution between
premenopausal and postmenopausal
women. Moreover, confounding factors
that may explain effects that currently are
attributed to an altered hormonal profile
in women, such as aging, have not been
investigated adequately. As far as we are
aware, no study to date has comprehen-
sively reviewed the evidence and precisely
estimated the results through meta-
analysis. Therefore, the current study
aimed to determine (1) how fat mass
differs in quantity and distribution be-
tween  premenopausal and  post-
menopausal women, (2) whether and
how age and/or menopausal status
moderates any observed differences, and
(3) which type of fat mass measure is best

suited to the detection of differences in fat
mass between groups.

Methods

Reporting guidelines

This review with metaanalysis was re-
ported according to Metaanalysis of
Observational Studies in Epidemiology
guidelines”' and was registered prospec-
tively in the PROSPERO database
(CRD42018100643), which can be ac-
cessed online at the following site: (http://
www.crd.york.ac.uk/PROSPERO/display_
record.php?ID=CRD42018100643).

Search string

A search was conducted, limited to the
PubMed database, to retrieve both cross-
sectional and longitudinal studies that
reported fat mass differences in quantity
or distribution between premenopausal
and postmenopausal women. The
following search string was used: (“adi-
pose tissue” OR “adiposity” OR “sub-
cutaneous fat” OR “obesity” OR
“overweight” OR “bodyweight” OR
“body fat distribution” OR “body mass
index” OR “BMI” OR “DEXA” OR
“DXA” OR “dual energy x-ray absorpti-
ometry” OR “waist to hip ratio” OR
“waist-hip ratio” OR “waist circumfer-
ence” OR “x-ray computed tomogra-
phy” OR “computed tomography” OR
“CT scan” OR “calliper” OR “skinfold”
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OR “skin fold” OR “abdominal MRI”
OR “abdominal magnetic resonance
imaging” OR “intra-abdominal fat”)
AND (“menarche” OR “pre-meno-
pause” OR “premenopause” OR “pre-
menopausal” OR “premenopausal” OR
“reproductive” OR “menopausal transi-
tion”) AND (“post-menopause” OR
“postmenopause” OR  “post-meno-
pausal” OR “postmenopausal” OR
“non-reproductive”).

PubMed filters were used to exclude
nonhuman and non-English studies. No
time restrictions were applied to the
literature search, which was conducted
in May 2018.

Inclusion and exclusion criteria

The eligibility criteria for all included
and excluded studies were predefined.
Inclusion criteria were specified as (1)
peer-reviewed manuscripts written in
English or translated from their original
language of publication to English, (2)
studies that assessed human partici-
pants, and (3) studies that used contin-
uous unadjusted measures that provide
an estimate of fat mass for both healthy
premenopausal and healthy post-
menopausal women.

Exclusion criteria were (1) studies that
exclusively investigated clinical/patho-
physiological populations, (2) studies
that selectively recruited women based
on specific fat mass ranges or reported
differences in fat mass within a narrow
predetermined fat mass range (ie, only
obese women), (3) studies that matched
participants on a measure of fat mass, (4)
cross-sectional studies with <40 partic-
ipants to avoid extreme sampling bias
and ensure that small studies, which are
more likely to be methodologically less
robust, are not included, (5) review ar-
ticles, systematic reviews, and meta-
analyses, (6) conference abstracts, and
(7) animal studies.

Screening

Duplicate citations were removed from
search results and the remaining entries
were title screened by a single author
(A.A.). All abstracts were then sub-
divided and independently double-
screened by all the authors with the us
of the predetermined inclusion/
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exclusion criteria; any discrepancies
were resolved through consensus.
Finally, full-text and supplementary
materials of the remaining articles were
double-screened  against  inclusion/
exclusion criteria by 3 authors (A.A,,
H.T.-J., and E.W.), with data extracted
from relevant articles. Where data were
missing, authors were contacted via
email to obtain relevant information that
was required for inclusion in the review.
A bibliographic search of available arti-
cles and reviews was also used to identify
further studies that fit the inclusion
criteria.

Data extraction

All data from included articles were
double extracted by 2 authors (A.A. and
E.W.) to avoid transcription errors;
any disagreement was resolved by
consensus. Data that were extracted
from each study included (1) sample
size; (2) age; (3) relevant measures that
provide an estimate of fat mass
(Supplementary Table 1) and included
body mass index (BMI), waist circum-
ference (WC), hip circumference (HC),
bodyweight (BW), total body fat per-
centage (BF%), trunk fat percentage
(TF%), waist-to-hip ratio (WTHR),
total leg fat percentage (LF%), abdom-
inal (ASF) and suprailiac skinfold
thickness (SISF), abdominal subcu-
taneous fat (AF), and visceral fat (VF);
(4) whether information such as
menopausal status, WC, and/or BMI
was measured or self-reported; (5)
definitions used for WC, HC, premen-
opausal women, and postmenopausal
women; (6) whether follicle-
stimulating hormone (FSH) criteria
were used; (7) whether women were age
matched, and (8) whether sample se-
lection that included smoking, surgical
menopause, hormone replacement
therapy (HRT), CVD, and history of
drug and alcohol abuse criteria were
used.

Definition of premenopause and
postmenopause

The precise definition for “pre-
menopause” and “postmenopause” are
known to vary substantially within the

literature, which has motivated a series
of attempts by international experts
collaboratively to develop a compre-
hensive standardized set of criteria to
describe the terminology that is associ-
ated with menopause.'****” The cur-
rent gold standard for defining
menopause nomenclature is the Stages
of Reproductive Aging+10 criteria,
which was established in 2012.'* The
requirement for papers to adhere to the
Stages of Reproductive Aging+10
criteria would have limited the scope of
the current review and prevented the
inclusion of relevant studies, particular
those published before 2012. Therefore,
all studies that included premenopausal
and postmenopausal women (as
defined by the authors of those studies)
were considered. Furthermore, women
who were classified as perimenopausal
were not included in the current meta-
analysis so that a clear comparison
could be made between groups, with
premenopausal women acting as con-
trols for any effect observed after
menopause.

Quality assessment

The quality of included studies was
assessed independently by 2 authors (A.A.
and E.W.), who used an adapted version
of the Newcastle-Ottawa Scale.”® In short,
the Newcastle-Ottawa Scale for cohort
studies used 3 categories to evaluate in-
dividual study quality that included (1)
the selection of participants, (2) the
comparability of groups, and (3) the
assessment/ascertainment of the outcome
of interest. Notably, an item was removed
from the selection and outcome sections
of the Newcastle-Ottawa Scale that did
not address the particular quality re-
quirements of the present review
(Appendix). Furthermore, given that all
studies that included premenopausal and
postmenopausal women were consid-
ered, 2 additional items were added to the
comparability section to ensure that
studies with Dbetter-suited designs for
comparing these groups were scored
accordingly. Any discrepancy in quality
assessment was resolved by consensus. If
consensus decisions were not possible, a
third rater was used.

Multiple reports

In the cases in which multiple studies
had used the same cohort and reported
on the same fat mass measures, only 1
publication was used in any single anal-
ysis. Which study to include was based
on the following criteria, in order of
importance: (1) availability of effect sizes
in study (or effect sizes provided by au-
thors after contact), (2) sample size, (3)
methods quality rating, and (4) publi-
cation date of the study (with more
recent studies being prioritized). When
multiple studies used the same cohort
but reported on different fat mass mea-
sures, estimates from the same cohort,
but with different studies, were used in
separate analyses.

Statistical analysis

All statistical analyses were conducted
with the open source software R (version
3.3.3)” running in RStudio (version
1.0.143)”® with the use of the metafor
package (version 2.0.0)”” for the
metaanalysis.

Summary measures

For both cross-sectional and longitudi-
nal analyses, effect sizes were calculated
with the use of the raw (unstandardized)
mean difference (D) for fat mass be-
tween postmenopausal and premeno-
pausal women:

The use of raw mean differences was
most appropriate, given that the
outcome measure of interest (fat mass)
was reported on meaningful scales that
were used consistently across studies.”
For cross-sectional studies, the variance
of the effect sizes was calculated with the
following formula:

Deross—sectional

¢ s
et + T2
n,

where S;and S, is the standard deviation
for independent groups (ie, premeno-
pausal and postmenopausal women)
and n represents the number of women
in each group.

NOVEMBER 2019 American Journal of Obstetrics & Gynecology 395


http://www.AJOG.org

For longitudinal studies, the variance
of the effect sizes was calculated with the
use of the following formulas:

2
Sdiff

n

VDlongitudinal -

Sdiff = \/Sf—i— S—2xXr1rX$HxS,

where r is the correlation between pre-
menopausal and postmenopausal fat
mass means.

When standard errors of the mean or
95% confidence intervals (Cls) were re-
ported, authors were first contacted and
requested to provide the unstandardized
means and standard deviations. If the
requested information was not pro-
vided, the standard errors of the mean
and CIs were converted to standard
deviations according to the method
outlined in Higgins and Green.”'
Furthermore, volume measurements
(cubic centimeters) for computed to-
mography scans were converted to sur-
face area (square centimeters) in the
following manner: thickness of slices x
number of slices.

Metaanalysis
Heterogeneity was assumed because
sampling and methods varied across
studies and resulted in a distribution of
effect sizes.”” Therefore, a random ef-
fects model with the use of the restricted
maximum likelihood estimator was used
in all analyses to estimate the mean of the
distribution of these effect sizes.
Heterogeneity across studies was
assessed with Cochran’s Q statistic (with
P<01 indicative of significant hetero-
geneity) and the I” statistic (values 25%,
50%, and 75% suggestive of low, mod-
erate, and high heterogeneity, respec-
tively).”” To identify studies that
excessively contributed to heterogeneity,
sensitivity analyses were conducted ac-
cording to the leave-1-out-method.
Metaregression analyses that used a
mixed effect model were conducted to
determine the influence of moderators,
such as aging. For cross-sectional
studies, comparisons of fat mass

differences between premenopausal and
postmenopausal women were made with
a test of interaction.

Reporting bias

The possible impact of publication bias
was assessed by visual inspection of the
funnel plots and with the Egger regres-
sion test.”* The trim-and-fill method
was also used to estimate the number of
studies that may be missing from the
metaanalysis and to estimate adjusted
effect sizes.”°

Results
The search strategy identified 2994
unique citations; bibliography searches
identified an additional 11 records. After
initial screening that was based on titles
and abstracts, 586 publications remained
for full-text assessment. After the
application of inclusion and exclusion
criteria, a further 300 publications were
excluded (Figure 1). Of the remaining
286 studies, 210 were eligible for inclu-
sion in the quantitative analysis, with
201 studies reporting cross-sectional
data'>'"?%7>722 and 11 studies re-
porting longitudinal data.'®%'>*%7 2%
Some studies included multiple sub-
cohorts of premenopausal and post-
menopausal women based on factors
such as age,”” ethnicity,"'"” physical
activity level,''"*"” and geographic loca-
tion.”®*15>1%7 In these cases, the sub-
cohorts were extracted separately and
treated as discrete samples. Therefore,
217  cross-sectional  (Supplementary
Table 2) and 13 longitudinal samples
(Supplementary Table 3) were included
in the analyses.

Study quality rating

For cross-sectional studies, 101 studies
were of high quality, as demonstrated by
their scores that ranged from 7-9 stars
on the adapted version of the Newcastle
Ottawa Scale (maximum, 9 stars); 78
studies were of moderate quality (4—6
stars), and 22 studies were of poor
quality (0-3 stars; Supplementary
Table 4). Almost all longitudinal studies
were of high quality, with the exception
of 1 study,235 which was of moderate
quality with a score of 4 (Supplementary
Table 5).
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Summary estimates

The unstandardized mean differences
(ie, estimate) of each fat mass measure
for both cross-sectional and longitudinal
studies are presented in Tables 1 and 2,
respectively. Standardized estimates for
cross-sectional and longitudinal studies
are presented in Supplementary Tables 6
and 7, respectively. Cross-sectional
studies compared separate premeno-
pausal and postmenopausal groups; for
longitudinal studies, all women were
premenopausal at baseline and post-
menopausal at follow up.

Cross-sectional metaanalysis
Cross-sectional ~ BMI. One  hundred
seventy-one  cross-sectional  studies
investigated the relationship between
BMI and menopausal status. The ana-
lyses revealed that the mean BMI dif-
ference was 1.14 kg/m” (standard error
[SE], 0.09 kg/m?), with a yearly mean age
difference of 0.07 kg/m® per vyear
(Table 1).

Cross-sectional BW. One hundred nine
cross-sectional studies investigated the
relationship between BW and meno-
pausal status. The analyses revealed
that the mean BW difference was 1.00
kg (SE, 0.29 kg), with a yearly mean
age difference of 0.07 kg per year
(Table 1).

Cross-sectional ~ WC. Seventy  cross-
sectional studies investigated the rela-
tionship between WC and menopausal
status. The analyses revealed that the
mean WC difference was 4.63 cm (SE,
0.37 cm), with a yearly mean age differ-
ence of 0.30 cm per year (Table 1).

Cross-sectional WTHR. Forty-eight
cross-sectional studies investigated the
relationship between WTHR and
menopausal  status. The analyses
revealed that the mean WTHR difference
was 0.0421 (SE, 0.0045), with a yearly
mean age difference of 0.0026 per year
(Table 1).

Cross-sectional ~ BF%. Forty-six ~ cross-
sectional studies investigated the rela-
tionship between BF% and menopausal
status. The analyses revealed that the
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mean BF% difference was 2.88%
(SE, 0.38%), with a yearly mean
age difference 0f 0.21% per year (Table 1).

Cross-sectional HC. Twenty-five cross-
sectional studies investigated the rela-
tionship between HC and menopausal
status. The analyses revealed that the
mean HC difference was 2.01 cm (SE,
0.33 cm), with a yearly mean age differ-
ence of 0.13 cm per year (Table 1).

Cross-sectional AF and VEF. Ten cross-
sectional studies investigated the
relationship  between AF/VF and
menopausal status with the use of
computed tomography scans. The ana-
lyses revealed that the mean AF differ-
ence was 28.73 cm?® (SE, 10.29 cm?),
with a yearly mean age difference of 1.92
cm’® per year; the mean VF difference
was 26.90 cm? (SE, 7.03 cmz), with a
yearly mean age difference of 1.81 cm®
per year (Table 1).

Cross-sectional SISF. Nine cross-sectional
studies investigated the relationship be-
tween SISF and menopausal status. The
analyses revealed that the mean SISF
difference was 2.65 mm (SE, 1.12 mm),
with a yearly mean age difference of 0.13
mm per year (Table 1).

Cross-sectional ~ TF%. Seven  cross-
sectional studies investigated the rela-
tionship between TF% and menopausal
status. The analyses revealed that the
mean TF% difference was 5.49% (SE,
0.80%), with a yearly mean age differ-
ence of 0.40% per year (Table 1).

Cross-sectional ASF. Four cross-sectional
studies investigated the relationship be-
tween ASF and menopausal status. The
analyses revealed that the mean ASF
difference was 6.46 mm (SE, 3.04 mm),
with a yearly mean age difference of 0.35
mm per year (Table 1).

Cross-sectional ~ LF%. Three  cross-
sectional studies investigated the rela-
tionship between LF% and menopausal
status. The analyses revealed that the
mean LF% difference was —3.19% (SE,
1.42%), with a yearly mean age differ-
ence of —0.17% per year (Table 1).

FIGURE 1
Flow chart
e
Records identified through PubMed Additional records identified through
E database search hand search of bibliographies and
*5 (n=2994) previous reviews
= n=11
£ @ )
=
)
=
L]
A
—
Records screened
(n=3005)
p| Duplicate records excluded
o0 (n=1)
5
=
3
g Records excluded by title
&z (n = 2145)
Records excluded by abstract
— (n=273)
—
Full-text articles assessed
for eligibility
& (n = 586)
= Full-text articles excluded
2 P (n =300) publications did not
= meet the inclusion criteria)
Studies included in
qualitative synthesis
(n =286) Articles excluded for the
following reasons:
»| (i) multiple reports (n = 57)
- or (ii) relevant data was not
Y . 3
= . . compatible for meta-analysis
% StUd'leS 'mcluded . (n = 14) or (ii) relevant data for
£ quantitative synthesis meta-analysis was not reported
(meta-analysis) n=5)
(n=210)

The flow chart shows the search, screening, and selection process for the studies that were included

in the review and metaanalyses.
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Longitudinal metaanalysis
Longitudinal BMI. Eight longitudinal
studies investigated the relationship be-
tween BMI and menopausal status. The
analyses revealed that the mean BMI
change was 0.93 kg/m”* (SE, 0.34 kg/m?),
with an annual change of 0.14 kg/m” per
year (Table 2).

Longitudinal ~BW. Seven  longitudinal
studies investigated the relationship be-
tween BW and menopausal status. The
analyses revealed that the mean BW
change was 2.99 kg (SE, 0.83 kg), with an
annual change of 0.37 kg per year (Table 2).

Longitudinal BF%. Four longitudinal
studies investigated the relationship

between BF% and menopausal status.
The analyses revealed that the mean BF
% change was 2.18% (SE, 1.01%), with
an annual change of 0.41% per year
(Table 2).

Longitudinal WC. Three longitudinal
studies investigated the relationship be-
tween WC and menopausal status. The
analyses revealed that the mean WC
change was 3.82 cm (SE, 1.51 cm), with
an annual change of 0.51 cm per year
(Table 2).

Longitudinal AF and VF. Three longitu-
dinal studies investigated the relation-
ship between AF/VF and menopausal
status with the use of computed
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TABLE 1
Output for cross-sectional studies

Mean age, y Mean fat mass
. P a Py a
Total sample size, n (standard deviation) (standard deviation) Unstandardized
Studies, Age estimate (95%
Fat mass measure n (samples) Premenopausal Postmenopausal Premenopausal Postmenopausal difference  Premenopausal Postmenopausal confidence interval)® P value
Body mass index 171 (181) 453,036 523,796 41.96 (3.69) 59.42 (3.06) 14.82 (5.36) 24.75 (1.60) 26.64 (1.25) 1.14 (0.95—1.32) <.0001
Bodyweight 109 (122) 113,603 204,845 43.36 (4.71) 59.55 (3.27) 15.00 (5.37) 64.82 (7.91) 66.12 (9.17) 1.00 (0.44—1.57) .0005
Waist circumference 70 (72) 214,712 326,639 42.28 (3.65) 59.07 (1.91) 16.23 (4.24) 78.58 (4.24) 83.61 (3.19) 4.63 (3.90—5.35) <.0001
Waist-to-hip ratio 47 (50) 199,140 309,797 42.39 (3.44) 59.09 (1.42) 16.17 (3.20)  0.78 (0.03) 0.81 (0.03) 0.04 (0.03—0.05) <.0001
Body fat percentage 46 (52) 58,605 113,226 43.81 (4.67) 59.55 (3.81) 14.83 (6.56) 32.44 (3.47) 35.69 (3.84) 2.88 (2.13—3.63) <.0001
Hip circumference 25 (25) 185,885 297,189 42.48 (3.08) 59.15 (0.95) 16.22 (2.61) 100.30 (2.66) 102.73 (2.25) 2.01 (1.36—2.65) <.0001
Subcutaneous 10 (10) 696 833 41.01 (6.96) 57.48 (5.36) 15.00 (10.70) 194.05 (23.65) 221.21 (32.09) 28.73 (8.56—48.91) .0053
abdominal fat
Visceral fat 10 (10) 696 833 41.01 (6.96) 57.48 (5.36) 15.00 (10.70) 69.22 (15.75) 104.36 (13.92)  26.90 (13.12—40.68) .0001
Suprailiac skinfold 9(10) 1,103 745 39.76 (4.41) 61.89 (4.77) 21.46 (6.49) 22.16 (7.04) 24.55 (9.90) 2.65 (0.45—4.85) .0181
thickness
Trunk fat percentage 7 (7) 39,335 95,756 45.28 (6.61) 59.68 (3.41) 14.32 (6.21) 31.27 (4.78) 33.74 (5.36) 5.49 (3.91—7.06) <.0001
Abdominal skinfold 4 (5) 199 359 40.64 (6.32) 62.99 (5.16) 21.04 (5.00) 26.65 (8.14) 29.43 (9.82) 6.46 (0.51—12.42) .0335
thickness
Total leg fat 3(3) 991 524 36.96 (1.13) 55.18 (5.17) 19.41 (5.87) 36.33 (5.47) 36.00 (2.62) —3.19 (—5.98 to —0.41) .0246
percentage

@ Computed as weighted means and weighted standard deviations, taking into account sample size; ® |ndicates significance at the P<.05 level.
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tomography scans. The analyses revealed
that there was no significant mean AF 3 z § % = g g
difference; however, a significant differ- Sla g & =95
ence in VF of 12.95 cm® (SE, 2.20 cm?) & v
was detected, with an annual change of g2
2 , e e |2 FT
3.43 cm” per year (Table 2). - 23 |Klg|¥
S8 TYY Tz
Sensitivity analyses = % g 18858 & & |8
Significant heterogeneity was found in EESE[(S =2 = Ll
SEsS|lw o x M v
all metaanalyses performed, and the BEES|2 T L ZS 2
. . =
proportion of real observed variance Swe.= T
(not related to random error) between E
studies (I*) was high across all analyses Elecg = gL
(Supplementary Figures 1-17). The in- ] g 5 g g N
fluence of single studies was investigated :E: 82T 88
further wherever possible (ie, samples, =l 8|8 85 &g &
>3) through leave-1-out analyses. The ]
analyses predominantly demonstrated ] % b =
. . . It e
no particularly influential study and ES E S a8 8o <
) ) . =3B 2|9 @ o8 ¥
showed relative consistency in reported Eg| gl 2= ¢ T =
estimates, with a few notable exceptions. g §| B|I8 = & R 5|8
For TF% analyses, the study by =2l a|d 88 8 &R
Guo et al'%® was found to be influential, °
which could be due to the large sample %§
size reported (Figure 2) or because z 3
. . . . -~ T —_— =~ = | = = 3
bioelectrical impedance analysis was =: =S8 88 838 3 =
used in comparison with the other ETE|Z e e — e e8
. S=S|o o ~ oo |V
6 studies that used dual-energy x-ray 23| R = 2R
. =av|o N v N o ;w2
absorptiometry (DEXA) scans. When =
excluded from the analyses, the = g g
mean TF% difference between premen- 2| 8l 5 < <=
Sl eI~ S © —|© o2
opausal and postmenopausal women 2| Sls sl = Blolol®
. el e g g R d R -
increased from .5.492—6.05% (.95% Cl, ; % g el 55 E
4.94-7.15%), with I° decreasing from sl £(N8 8 N @D | =
89.90-54.44%. s| = 8
For BF% analyses (cross-sectional), f § ié
the study by Sherk et al'*® was identified g § BE8IJd 5 s &
as influential; whereas for BMI and BW sl g€ = €@ 352
I 1 itudinal). th dv b S| E|s &3 8 8 g8
analyses ((2)£>gml inal), the study by S| 8l s 233 2%
Soreca et al”™" was identified as influen- 2 &
tial, which could be due to the relatively 2 5 3
large mean age difference and follow-up E £33
. » s 2
Perlod (41.2 years and 20 years, respec- 5 :_ L w e v g g s z
tively). When removed from analyses, all " SH|lg w = &~ - g3
estimates decreased (BF%, 2.71 [95% CI, 2 E &
_— [ =
2.02-3.40); BMI, 0.63 [95% CI, 0.32— 3 ] g 3
0.94]; BW, 2.3 [95% CI, 1.22-3.55]), with @ g8 _ g
.« s . = © —_ —_ —_ S
I” remaining high. For AF analyses (cross- _E Se SAESHSERE AL >
sectional), Hunter et al''® was found to be = PE|® ST [P e ¥
. . . . . ol o =
influential. Despite being a relatively =) 8 E 5
. =t B S
older study (published >20 years ago), E 3 g £ =
metaregression analyses revealed that the = S B ° E B = E
- = Tlela
year of publication had no effect on the o~ '..=:, 2o é S g2 8 88 %
K « 2/ 5|2 |® € &
overall estimate. When excluded from the :—g §=) £ § = £ % § % § g £ §
. T T =S = | &/ 9 S
analyses, the mean AF difference =3 FElg 8 g =2 & 3¢
decreased from 28.73-18.81 cm® (95%
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FIGURE 2

Forest plot

First Author Year Sample Size Mean Age Difference Raw Mean TF% Difference [95% CI]
Cervellati 2009 134 104 —e 5.90 [4.26, 7.54]
Guo 2015 94592 14.2 n 240[2.31, 249]
Caire-Juvera 2008 101 158.3 P 4.80 [2.50, 7.10]
Cremonini 2013 134 20.3 —e— 4.70 [3.12, 6.28]
Tanaka 2015 288 21.4 — 5.60 [4.02, 7.18]
Douchi 2007 229 225 — 7.00 [5.37, 8.63]
Kirchengast 1998 278 28.7 ——— 9.30 [6.62, 11.98]

RE Model (Q = 100.38, df = 6, p-value = <0.0001, I> = 89.90%)

5.49 [3.91, 7.06]

Raw Mean TF% Difference

The forest plot shows the cross-sectional raw mean trunk fat percentage difference between pre-
menopausal and postmenopausal women. Studies are arranged by mean age difference.
Cl, confidence interval; RE, random effects; TF%, trunk fat percentage.
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Cl, 3.38-34.25 cm?), with I? remaining
high.

One study, Franklin et al,”” was
found to be influential for BF% analyses
(longitudinal), which could be, in part,
for the following reasons: (1) the rela-
tively lower quality of the study (4 stars)
when compared with other studies that
were included in the analyses (8 stars) or
(2) the BF% was measured by 2 different
methods (ie, hydrostatic weighing [at
baseline] and air displacement plethys-
mograph [at follow up]) compared with
other studies that all used DEXA at
baseline and follow-up assessment or (3)
the very small sample size of the study (8
participants), compared with other
studies that have a mean of 56 partici-
pants (range, 48—69). When the study by
Franklin et al was excluded from the
analyses, there was no significant differ-
ence in mean BF%.

Publication bias

Funnel plot asymmetry diagnostics and
the trim-and-fill test revealed some evi-
dence of publication bias. Eggers regres-
sion test was significant for ASF, TF%, and
LF% (cross-sectional analyses), BF%
(both cross-sectional and longitudinal
analyses), and VF (longitudinal analyses),
which indicates some degree of asymme-
try for these groups. For cross-sectional
studies (Supplementary Figures 18-20),
the trim-and-fill analyses identified 30
missing studies for BMI and 2 for AE
which produced larger estimates for both.
For longitudinal studies (Supplementary
Figures 21 and 22), however, 2 missing
studies were identified for VE which
produced a smaller estimate.

Subgroup and metaregression analyses
The influence of moderators such as
aging (represented as the mean age
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difference for cross-sectional analyses or
length of follow up for longitudinal an-
alyses) and study quality on pooled es-
timates was investigated by
metaregression analyses that used a
mixed effects model, for which a suffi-
cient number of studies were available to
assess the effect of a single predictor (e,
samples, > 10).”"*** Where metare-
gression was possible (ie, longitudinal
BMI and cross-sectional BMI, BW, WC,
WTHR, BF%, HC, AF, VE and SISF),
aging significantly predicted the unex-
plained variance (9.99-73.90%) in fat
mass estimates, except for HC, AF, and
SISF (Table 3). No interactive effects
were observed between menopausal
status and age across all fat mass mea-
sures. Furthermore, study quality had no
significant effect on the overall estimate.

To examine whether the type of
measure could influence the results, we
performed subgroup analyses on cross-
sectional studies that examined BF% to
investigate the impact of DEXA scans vs
other methods, such as bioelectrical
impedance  analysis and  hydro-
densitometry, on quantifying total and
regional body fat percentage. Interest-
ingly, bioelectrical impedance analysis
significantly underestimated the quan-
tity of total body fat compared with
DEXA ($=-2.64%; 95% CI. —4.23 to
—1.04; P=.0012), which supports previ-
ous findings.”*’ Similarly, when we
investigated the effects of measured vs
self-reported BMI in cross-sectional
studies, self-report significantly under-
estimated BMI ($=-0.72 kg/m? 95%
CI, -1.34 to —0.09; P=0240) compared
with direct measurement, which aligns
with previous findings.”** After adjust-
ment for the effect of age, however, self-
report had no significant effect on the
overall estimate for BMI. All longitudi-
nal studies computed BMI based on
objectively measured height and weight.
For VF and AF analyses, the use of sur-
face area estimates that were converted
from volumes (which was conducted for
1 particular study™’) had no significant
effect on the overall estimate. Notably,
almost all subgroup analyses that
included women who were using HRT
had no significant effect on estimates,
except for BF% (significantly increased;
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TABLE 3
Metaregression analyses after removal of the effect that is attributable to normal aging
Unstandardized ( estimate

Analyses Samples, n Fat mass measure R® (95% confidence interval) P value

Longitudinal 10 Body mass index 73.88 0.20 (0.12—0.29)° <.0001

Cross-sectional 176 Body mass index 21.61 0.06 (0.04—0.08)° <.0001

119 Bodyweight 9.99 0.10 (0.04—0.16)° .0008

71 Waist circumference 40.13 0.24 (0.16—0.32)° <.0001
51 Waist-to-hip ratio 24.87 0.0025 (0.0013—0.0037)" <.0001
50 Total body fat percentage 24.75 0.15 (0.07—0.24)° .0005
25 Hip circumference 15.74 0.09 (—0.02—0.21) 1201
10 Abdominal fat 9.03 1.29 (—0.70—3.28) .2035
10 Visceral fat 73.90 1.85 (1.04—2.67)° <.0001
10 Suprailiac skinfold thickness 0.00 0.21 (—0.19—0.60) .3033

2 Proportion of observed variance explained by the model; ° Indicates significance at the P<.05 level; studies that did not report age were omitted from model fitting.
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$=2.46%; 95% CI, 0.16—4.76; P=0358)
and TF% (significantly decreased;
$=-3.65%; 95% CI, —-5.91 to —1.38;
P=0016).

Comment

This large scale, comprehensive review
with metaanalyses investigated the dif-
ferences in fat mass between healthy
premenopausal and postmenopausal
women in both cross-sectional and lon-
gitudinal studies. The main findings
were that (1) there was an increase in fat
mass between premenopausal and post-
menopausal women across most mea-
sures, specifically BMI, BW, WC,
WTHR, BF%, HC, ASF, SISF, VF, and TF
%, with the exception of LF%, which
decreased, and (2) the change in fat mass
quantity is largely attributable to
increasing age, with menopause having
no detectable additional influence. These
findings are important because they
suggest attention should be paid to the
accumulation of central fat after meno-
pause, whereas increases in total fat mass
should be monitored consistently across
the lifespan.

The relationship between menopause
and aging can be difficult to disentangle
because both progress concurrently.
Previous research indicates that, for
women who are 18—45 years old, the

typical trend for BMI and BF% is an
increase of 0.16 kg/m” per year and
0.41% per year, respectively.”*’ Inter-
estingly, the longitudinal analyses pre-
sented in this paper reflect similar
annual estimates for BMI (0.14 kg/m’
per vear) and BF% (0.41% per year),
which indicates that the rates of change
remain the same throughout -early
adulthood and middle age, with meno-
pause having no detectable additional
influence above and beyond the effect of
aging. Furthermore, the metaregression
analyses revealed consistent, but
comparatively lower, estimates for cross-
sectional BMI (0.06 kg/m” per year) and
BF% (0.15% per year). The reason for
the relatively smaller estimates remains
to be elucidated; however, it is possible
that unmeasured and/or unreported ge-
netic and environmental factors (eg,
ethnicity, dietary changes, mood disor-
ders and medications used in their
treatment, physical activity levels, meta-
bolic activity, and variation in sleep
length and quality®****%) that varied
between groups in cross-sectional
studies account for this. Alternatively,
this also may be explained by the well-
documented differences that emerge
from the less robust design of cross-
sectional, compared with longitudinal,
studies. As a result, the longitudinal

study design is better suited to provide
yearly rates of change in fat mass, which
are more precise than cross-sectional
estimates.

Too few longitudinal studies produced
precise estimates of fat mass changes
across multiple regions; however, the
analysis of cross-sectional studies
revealed that LF% decreased by 0.17%
per vear, whereas fat mass increased in
abdominal indexes, such as TF% by
0.40% per year and WC (longitudinal)
by 0.51 cm per year, which is indicative
of a potential change in fat mass distri-
bution after menopause. These changes,
at least in part, are likely to be due to
hormonal shifts that occur during
midlife when women have a higher
androgen (ie, testosterone)-to-estradiol
ratio after menopause, which has been
linked to enhanced central adiposity
deposition.”*’ Importantly, the
increased central deposition of fat has
significant clinical implications, given
that a 1-cm increase in WC has been
associated with a 2% increase in risk of
CVD.”" Furthermore, a higher testos-
terone/estradiol ratio has also been
associated with deleterious health con-
sequences in women, such as CVD.”’
Taken together, these results may help
explain the fact that premenopausal
women have been found to have lower
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CVD incidence and mortality rates
compared with men of the same age,252
whereas postmenopausal women expe-
rience higher mortality rates because of
CVD compared with men of the same
age.””” The current analyses suggests that
measures that are sensitive to detecting
the central deposition of adiposity, such
as TF% and WC, would be preferable to
BW and BMI, which are commonly used
indicators of overweight and obesity.
This is of particular importance because
of the multifactorial changes in body
composition that occur in aging women
that can influence BW and/or BMI esti-
mates, such as (1) a decrease in bone
density,z’”’255 (2) sarcopenia,””® and (3)
shrinking,257 which indicate that mea-
sures that are less influenced by these
changes, such as TF% and WC, would be
preferable. Furthermore, when measures
of fat mass were standardized
(Supplementary Tables 6 and 7), cross-
sectional analyses revealed that BF%
had the largest magnitude of effect across
estimates. However, WTHR, WC, and
TF% produced comparatively more
reliable estimates when we compared the
precision of Cls. These results should be
interpreted with caution, given that
variability across measures, which
include different samples, sample sizes,
and measurement error, could not be
accounted for.

Hormone replacement therapy and fat
mass

Subgroup analyses revealed that the in-
clusion of women who used HRT resul-
ted in a significant increase in BF%
(8=2.46%; 95% CI, 0.16—4.76; P=0358)
and a significant decrease in TF%
(6=-3.65%; 95% CI, -5.91 to —1.38;
P=.0016), which is suggestive of a po-
tential protective role of HRT in pre-
venting/reducing trunk fat deposition,
although not in preventing overall fat
mass gain. These results align with a
previous metaanalysis of 8 randomized
control trials, which found that post-
menopausal women who used HRT had
less WC and TF% compared with pla-
cebo.””® Taken together, these findings
provide useful estimates for the potential
protective effect of HRT on central

adiposity, given that, to our knowledge,
the most recent systematic review on this
topic was published almost 20 years
ago””” and had insufficient studies at the
time to evaluate the effect of HRT on fat
mass distribution. Moreover, because
HRT use has complex interactions with
the body and brain, with varying benefits
and disadvantages depending on the
time of initiation and type and duration
of treatment,>®° it is important for this
topic to be investigated systematically in
future with longitudinal studies.

Strengths and limitations
A key strength of the present study was
that a large number of individuals were
assessed for cross-sectional analyses
across a wide range of measures that
estimated fat mass changes in quantity
and distribution between premenopausal
and postmenopausal women, which
resulted in a holistic understanding of
body fat changes in women at midlife.
Specifically, 201 cross-sectional studies
were included in the metaanalysis, which
provided a combined sample size of
1,049,919 individuals that consisted of
478,734 premenopausal women and
571,185 postmenopausal women.
Notable limitations included the fact
that only 11 longitudinal studies were
available for inclusion in the meta-
analysis, which provided a combined
sample size of 2472 women who were
premenopausal at baseline and post-
menopausal at follow up. Furthermore, it
is possible that relevant studies may have
been missed, given that our search was
limited to the PubMed database. How-
ever, these relative weaknesses were
somewhat counterbalanced by the large
number of cross-sectional results that
facilitated richer and comprehensive an-
alyses that led to very consistent findings.
In addition, women who were classified
as perimenopausal were not included in
the current metaanalysis. This was done
to ensure that a clear comparison could
be made between groups, with premen-
opausal women acting as control subjects
for any effect that was observed after
menopause. Moreover, the criteria that
were used to identify premenopausal
and postmenopausal women varied

402 American Journal of Obstetrics & Gynecology NOVEMBER 2019

substantially among studies and may have
reduced the accuracy of the reported
effects.

Conclusion

To our knowledge, this is the first
comprehensive review with metaanalysis
of both longitudinal and cross-sectional
studies to investigate changes in fat
mass between premenopausal and post-
menopausal women. The analyses
revealed that fat mass was higher in
postmenopausal, compared with pre-
menopausal, women across most mea-
sures, with the exception of LF% (which
decreased), which was indicative of a
potential change in fat mass distribution
after menopause. However, the change
in fat mass quantity was attributable
predominantly to increasing age;
menopause had no significant additional
influence. Given that central fat accu-
mulation is associated with an increase
in CVD risk, these results may help
explain the fact that premenopausal
women have been found to have lower
CVD incidence and mortality rates
compared with men of the same age,
whereas postmenopausal women expe-
rience higher mortality rates because of
CVD compared with men of the same
age. An important implication of these
findings is that attention should be paid
to the accumulation of central fat after
menopause, whereas increases in total fat
mass should be monitored consistently
across the lifespan. Further investigation
regarding the role of other potential
moderators (eg, genetics, ethnicity, di-
etary changes, physical activity levels,
metabolic activity, mood disorders and
medications used in their treatment, age
of menopause onset, and variation in
sleep length and quality) is required to
facilitate the development of targeted
and effective intervention programs and
of heath policies aimed at mitigating the
risk posed by increased central adiposity
in women at midlife.
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Appendix
Adapted Newcastle-Ottawa Quality Assessment Form for Cohort Studies
Selection of premenopausal and postmenopausal women
1. Representativeness of the postmenopausal cohort
A. Truly representative of the average postmenopausal woman in the community
B. Somewhat representative of the average postmenopausal woman in the community
C. Selected group of users eg nurses, volunteers
D. No description of the derivation of the cohort
2. Selection of the premenopausal cohort
A. Drawn from the same or similar community as the postmenopausal cohort
B. Drawn from a different source
C. No description of the derivation of the premenopausal cohort
3. Ascertainment of menopausal status
Secure record (eg, surgical records)
Structured interview
Written self report
No description
Other

Comparability of premenopausal and postmenopausal women
4. Comparability of premenopausal and postmenopausal women on the basis of the study design

A. Lifestyle/demographic characteristics of premenopausal and postmenopausal women recorded and reported, with age as a
minimum.

B. The mean difference in age between premenopausal and postmenopausal women enables a reasonable comparison which
is not highly confounded by age (ie, approximately <10 years for cross-sectional studies). Note: For longitudinal studies,
an appropriate follow-up period is required (ie, premenopausal at baseline and postmenopausal at follow up).

5. Was a clear definition used to describe premenopausal women?

A. Yes

B. No

6. Was a clear definition used to describe postmenopausal women?
A. Yes
B. No

mOOw >

Outcome
7. Assessment of fat mass
A. Measured
B. Self report
C. No description
8. Was the same method of measurement of fat mass conducted for both premenopausal and postmenopausal women?
A. Yes
B. No
C. No description

SELECTION /3
COMPARABILITY /4
OUTCOME /2
TOTAL /9
Rater #1 Initials:

SELECTION /3
COMPARABILITY /4
OUTCOME 2
TOTAL /9
Rater #2 Initials:

Note: A study can be given a maximum of 1 star for each numbered item within the Selection and Outcome categories. The exception to this is for the Comparability section.
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SUPPLEMENTARY FIGURE 1

postmenopausal women

Forest plot of the cross-sectional raw mean body mass index difference between premenopausal and

First Author Year Sample Size Mean Age Difference

Raw Mean BMI Difference [95% ClI]
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SUPPLEMENTARY FIGURE 2
Forest plot of the cross-sectional raw mean bodyweight difference between premenopausal and postmenopausal
women

First Author Year Sample Size Mean Age Difference Raw Mean BW Difference [95% CI]
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BW, bodyweight; CI, confidence interval; RE, random effects.
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SUPPLEMENTARY FIGURE 3

postmenopausal women

Forest plot of the cross-sectional raw mean waist circumference difference between premenopausal and

First Author Year ___Sample Size Mean Age Difference Raw Mean WC leferenatr:'g !95% cll
Trikudanathan 2013 85 0.1 —_— ZAU[-Z. B
Jeon 2011 805 1.9 v oHH 2.90] 2.25, 3.55
Abdulnour 2012 61 21 —t— ey 3.10 [-1.65, 7.85
Lejskova 2012 129 3.6 “ fr——— 6. 3.58, 9.02
Son 2015 661 5.4 o - : 0.99, 2.6
Sullrt(ja 2016 2320 5.5 . [l . 2.44, 3.9
Gurka 2016 707 5.7 — -0.90 [-5.30, 3.5
Gurka 2016 2009 6.7 » p—— .0010.64, 5.3
Jaff 2015 144 6.7 —— .30 [-2.90, 3.5
Lin 2006 234 7.1 . —— 2.4010.98; 3.8:
Feng 2008 1429 7.3 - .10 [-0.44, 0.64
He 2012 2498 8.2 ] .001.42, 2.5
kyu 2001 72 8.3 ——— 1.10[-0.88, 3.0
adam 2010 92 8.4  —————| .10 [-2.99, 3.1
Donato 2006 82 9 V  —— 5. 1.49, 8.6
Muchanga 2014 100 9 S —— 2. -1.88, 5.8
Pollan 2012 2754 9 ¢ = .89, 4.7
gﬁ;?g; Ortegon } ?g 2? 32 N = e % , 231
- e —_— £. =U. .
Chain 9 2017 166 10 — : .02, 5.98
Konrad 201 27 10 k { 3.00 [-2.49, 8.4
Koh . 200 65 10.3 . ———i 5.2 .02, 7.3
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Den Tonkelaar 199 3568 13.8 . ] 4.40 [4.01, 4.7
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Manabe 199 182 14.6 . —— 4.20[1.35, 7.0
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Priya 201 34 16.67 | 0.77 [-3.22, 4.76
Koskova 200 45 16.99 . — 7.00[2.83,11.17
Zivkovic 2011 176 17 . p——— 8.00 [ 5.25,10.75
Friedenreich 2007 161625 17.65 ! . 5.73 5.65, 5.81
Polesel 201 43 17.8 . _— 10.84 [6.99, 14.69
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S % L+ S e pnita o
o . . —=— : .29, 7.
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Kaufer-Horwitz 2005 341 246 . —a— 7.50] 6.06, 8.94
Chang 2 193 25.1 V —_— 5.39[1.42, 9.3
Kirchengast 1 38 25.3 I 8.89[1.29,16.4
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Studies are arranged by mean age difference.

Cl, confidence interval; RE, random effects; WC, waist circumference.
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SUPPLEMENTARY FIGURE 4
Forest plot of the cross-sectional standardized mean waist-to-hip ratio difference between premenopausal and
postmenopausal women

Ei[g; A!III(]%[ Year _Sample Size Mean Age Difference  Std | 0
ednarek-Tupikowska 2006 54 2.2 —— . I-ﬁ.ﬁ, 851
Lejskova 2012 129 3.6 ¢ e 04110.21, 0.61
Shakir ) 2004 3600 3.7 | 0.2910.20, 0.38
Kontogianni 2004 55 6.67 — 0.19[-0.28, 0.65
Feng 2008 1429 7.3 ' 017 [0.10, 0.23
He 2012 2498 8.2 ‘ ] 1.00]0.94, 1.06
Lyu 2001 72 8.3 H-=— 0.20 [-0.09, 0.49
Ayub 2006 34 8.69 —+— 0.00 [-0.44, 0.44
Donato 2006 82 9 N e 080048, 1.1
Pollan 2012 2754 9 P 0291021, 0.36
Berger 1995 75 9.5 = 04171011, 0.71
Chain 2017 166 10 0.2810.04, 0.53
Koh . 2008 65 10.3 : —— 0981 0.65, 1.31
Cervellati 2009 134 104 P .— 062 0.37, 0.87
Yoldemir 2012 66 11.75 —_— -0.58 [-0.96, -0.19
Maharlouei 2013 434 12.1 : HH 1.00]0.86, 1.14
Muti 2000 284 13.2 Vo 0611045, 0.78
Den Tonkelaar 1990 3568 13.8 ''n 0.33[0.29, 0.38
Park 2017 30532 14 g | 0121010, 015
Guo 2015 94592 14.2 | 0.30]0.29, 0.31
Kim 2012 1396 14.3 ! HH 086[0.74, 0.98
Manabe 1999 182 14.6 ©.— 055027, 0.82
Ghosh 2008 100 15.2 : —=— 087058, 1.16
Wang 2012 66 15.59 N 065040, 0.91
Jurimae 2007 49 15.9 v 083040, 1.25
Zhou 2015 66 15.9 H = 1.00]0.75, 1.25
Amankwah 2013 744 16.4 HH 0.00 [-0.14, 0.14
Mannisto 1996 233 16.5 = 0407 0.20, 0.59
Priya 2013 34 16.67 — 0.35[-0.13, 0.84
Koskova 2007 16.99 C —— 0.83[041, 1.25
Mo . 2017 114 17.6 N 0441018, 0.69
Friedenreich 2007 161625 17.65 ‘ ] 0.5710.56, 0.58
Mo 2017 100 17.8 Ve 0751046, 1.03
Mo . 2017 100 18 e 060032, 0.88
Friedenreich 2002 762 18.5 T 0.33[0.22, 045
(o} . 2017 110 18.7 N 0751047, 1.02
Yannakoulia 2007 66 18.9 : —— 0971061, 1.33
Bhurosy 2013 185 19 is = 0.25[0.05, 0.45
Ghosh * 2010 100 20.06 N 066040, 0.93
Cremonini 2013 134 20.3 : = 093066, 1.20
Pacholczak 2016 116 21.6 : = 085061, 1.09
Mesch 2006 31 22 N 0991046, 1.52
Arthur 2013 107 22.77 e 0711046, 0.97
Soderberg 2002 66 22.8 — 0431 0.05, 0.81
Kaufer-Horwitz 2005 341 24.6 . HH 068054, 0.81
Chang 2000 193 251 : = 1.60[1.35, 1.85
Sieminska 2006 66 257 ] —— 1.90[1.50, 2.30
Yoo 2012 66 26.9 ' —— 1.85[1.51, 2.18
Soriguer 2009 66 27.2 ' —=— 1.53[1.24, 1.81
Sarrafzadegan 2013 1199 27.65 : [ | 1.59[1.52, 1.67
Phillips 2008 20 285 : [ — 1.10]0.57, 1.63
RE Model (Q = 4447.74, df = 50, p-value = <0.0001, |* = 99.63%) 3 0.65[0.52, 0.78]
|

-1.5 05 0 05 1 15 2 25

Standardised Mean WTHR Difference
Studies are arranged by mean age difference. Standardized units have been used because of the amount of (residual) heterogeneity with nonpositive
sampling variances.
Cl, confidence interval; RE, random effects; Std, standardized; WTHR, waist-to-hip ratio.
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SUPPLEMENTARY FIGURE 5

postmenopausal women

Forest plot of the cross-sectional raw mean body fat percentage difference between premenopausal and

First Author Year Sample Size Mean Age Difference Raw Mean BF Difference 195% cln
Lovejoy 2008 85 1.9 ] T.50 [0.85, 2.
Abdulnour 2012 65 2.1 v | 7.30[1.50, 13.10
Toth 2000 81 4 L e — 5.00 1.7’f, 8.29
Suliga 2016 3636 55 ' 2.10[1.65, 2.55
Kontogianni 2004 80 6.67 —— 0.02 |-2.51, 2.55
Fen 2008 3820 7.3 | -0.15[-0.60, 0.30
Harting 1984 47 8.2 —— -0.40[-2.90, 2.10
Suarez-Ortegon 2012 123 9.6 —t—— 1.30 [-1.33, 3.93
Chain 2017 266 10 | 3.00[1.66, 4.34
Harting 1984 44 10.1 ———y 1.80 [-1.61, 5.21
Koh 2008 160 10.3 - 1.50[0.01, 2.99
Cervellati 2009 260 10.4 ' - 5.30 [ 4.05, 6.55
Hsu 2006 6833 1.1 - -0.70 [-1.03, -0.37
Wang 2012 1526 12.1 HH 0.00[-0.63, 0.63
lida 2011 111 13.7 —a—y -1.70 [4.38, 0.98
Guo 2015 132793 14.2 | 240232, 248
Kim 2012 1758 14.3 i 0.50 |-0.20, 1.20
Caire~Juvera 2008 238 15.3 v —e— 3.50[1.70, 5.30
Hunter 1996 220 15.3 : —a— 7.30 [ 5.20, 9.40
Jurimae . 2007 91 15.9 ' | 7.60[4.24, 10.96
Schaberg-Lorei 1990 109 16.1 S 3.4073.36, 3.44
Mannisto 1996 a17 16.5 ' HH 3.20[2.44, 3.96
Harting 1984 45 16.6 b ——i 4.80 [2.01, 7.59
Martini 1997 757 16.7 . 3.30[2.09, 451
Mo 2017 244 17.6 —— -0.40[-2.32, 1.52
Mo 2017 200 17.8 —a— -0.70 [-2.64, 1.24
Mo 2017 200 18 —a -0.40 [-2.56, 1.76
Mo 2017 216 18.7 —a-— -0.70 [-2.42, 1.02
Yannakoulia 2007 114 18.9 : —— 5.90[3.33, 847
Lindsay 1992 150 19.69 —a— 2.01[0.21, 3.81
Ghosh™ 2010 245 20.06 ; —a— 4.83[3.08, 6.58
Cremonini 2013 235 20.3 ' = 4.10[2.80, 5.40
Tanaka 2015 464 21.4 =] 3.00[1.85, 4.15
Park 2012 1020 21.5 v HH 3.10[2.29, 3.91
Dmitruk 2018 267 22.11 S 3.96 [ 245, 547
Douchi 2002 566 224 N 3.60[2.39, 4.81
Douchi 2007 642 225 . 3.50[2.34, 466
Fu 2011 527 23 voHH 3.30[2.33, 4.27
Chang 2000 329 25.1 ' —m— 2.84 [1.30, 4.38
Sumner 1998 65 25.2 'V —— 5.20 [ 2.40, 8.00
Douchi 1997 324 25.5 = 1.70 [-0.01, 3.41
Van-Pelt 1998 58 26 ' —_—— 8.10[5.19, 11.01
00 2012 358 26.9 e o 2.20 1.16, 3.24
Kim 2016 10088 271 : 4.70[4.43, 4.97
Kirchengast 1998 459 28.7 ' —a— 6.40 [ 4.63, 8.17
llich-Ernst 2002 51 28.9 ' ———— 9.60 [4.60, 14.60
Kuk 2005 251 29.1 —— -0.20 -2.45, 2.08
Van-Pelt 1998 31 32 ' p—————— 12.90[7.62, 18.18
Rosenbaum 1996 a1 39 : N -0.70-7.01, 5.61
Sherk 2011 73 41.2 . — 12.00[8.74, 15.26
Ho 2010 161 — 1.101-0.81, 3.01
Hu 2016 887 HH -0.61 [-1.34, 0.12
RE Model (Q = 1872.79, df = 51, p-value = 0.000, | = 99.41%) ) @ 2.88[2.13, 3.63]
| | I | | |
-8 -4 0 4 12 20

Studies are arranged by mean age difference.
BF, body fat; Cl, confidence interval; RE, random effects.
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SUPPLEMENTARY FIGURE 6
Forest plot of the cross-sectional raw mean hip circumference difference between premenopausal and
postmenopausal women

First Author Year Sample Size Mean Age Difference Raw Mean HC Difference [95% CI]
Lejskova 2012 129 36 §—— 3.80[1.69, 5.91]
Jaff 2015 144 6.7 ——— 1.00 [-2.47, 4.47]
Lyu 2001 72 8.3 i -0.30 [-2.02, 1.42]
Kadam 2010 92 8.4 —t—i 0.50 [-2.70, 3.70]
Pollan 2012 2754 9 b 1.60 [ 0.85, 2.35]
Berger 1995 75 95 l — 4.80[ 0.66, 8.94]
Chain 2017 166 10 ——i 1.00 [-1.58, 3.58]
Konrad 2011 27 10 —_ 0.00 [-4.70, 4.70]
Den Tonkelaar 1990 3568 13.8 C o 2.90 [ 2.55, 3.25]
Park 2017 30532 14 i m 1.70 [ 1.43, 1.97]
Guo 2015 94592 14.2 - 0.60 [ 0.49, 0.71]
Manabe 1999 182 14.6 o 0.80 [-0.80, 2.40]
Wang 2012 545 15.59 Fa 0.54 [-0.45, 1.53]
Amankwah 2013 744 16.4 |—-—| 0.80 [-0.84, 2.44]
Priya 2013 34 16.67 —— 2.45[2.24, 7.14]
Koskova 2007 45 16.99 — 3.40 [-0.18, 6.98]
Friedenreich 2007 161625 17.65 n 286[2.79, 2.93]
Friedenreich 2002 762 18.5 - 2.30[0.98, 3.62]
Bhurosy 2013 185 19 N 3.90 [ 2.20, 5.60]
Pacholczak 2016 116 21.6 N — 5.97 [ 3.70, 8.24]
Dmitruk 2018 198 22.11 H—— 1.96 [-0.66, 4.58]
Soderberg 2002 30 228 —_— 2.30 [-1.64, 6.24]
Kaufer-Horwitz 2005 341 24.6 P e 3.50 [ 2.21, 4.79]
Chang 2000 193 254 —— -3.36 [-7.84, 1.12]
Kirchengast 1996 38 25.3 L 1 8.09[1.38, 14.80]
RE Model (Q = 1236.98, df = 24, p-value = 0.000, I = 97.56%) % 551 14,88 25
| T | | I |
10 -5 0 5 10 15

Raw Mean HC Difference
Studies are arranged by mean age difference.
Cl, confidence interval; HC, hip circumference; RE, random effects.
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SUPPLEMENTARY FIGURE 7

postmenopausal women

Forest plot of the cross-sectional raw mean abdominal fat difference between premenopausal and

First Author

Year Sample Size Mean Age Difference

Raw Mean AF Difference [95% CI]

Trikudanathan

Abdulnour

Lovejoy

Toth

Koh

Kang

Hunter

Yamatani

Yoo

Veldhuis

2013

2012

2008

2000

2008

2016

1996

2013

2012

2016

85

13

5

28

65

220

87

25

199

60

0.1

1.81 ¢

1.9

10.3

12.9

15.3

18

26.9

30

—— 27.28 [-10.34, 64.90]

5.70 [-51.75, 63.19]

b 13.40 [-19.81, -6.99]
P — 50.00 [ 4.92, 95.08]
._._| 15.00 [ 1.41, 28.59]

.—._.—. 10.10 [-12.76, 32.96]
: - 83.30 [ 80.04, 86.56]
._._._| 22.70 [14.86, 60.26]
—e 25.90 [ 10.45, 41.35]

! —_— 61.00 [ 23.35, 98.65]

RE Model (Q = 789.02

| df = 9, p-value = 0.000, I? = 95.65%)}

Studies are arranged by mean age difference.
AF, abdominal fat; C/, confidence interval; RE, random effects.

e 28.73 [ 8.56, 48.91]
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SUPPLEMENTARY FIGURE 8
Forest plot of the cross-sectional raw mean visceral fat difference between premenopausal and postmenopausal
women

First Author Year Sample Size Mean Age Difference Raw Mean VF Difference [95% CI]
Trikudanathan 2013 85 01 |—:—| 10.24 [ -8.10, 28.58]
Abdulnour 2012 13 1.81 I—:—I 4.50 [-15.55, 24.55]
Lovejoy 2008 51 1.9 - -7.50 [-11.51, -3.49]
Toth 2000 28 4 —_— 29.00[ 14.35, 43.65]
Koh 2008 65 10.3 : —s— 23.60[13.98, 33.22]
Kang 2016 220 129 ‘ —a— 21.50[ 11.44, 31.56]
Hunter 1996 87 15.3 ———=— 53.60[ 38.44, 68.76]
Yamatani 2013 25 18 _ 26.70 [ 6.88,46.52]
Yoo 2012 199 26.9 : —=— 55.40 [ 46.66, 64.14]
Veldhuis 2016 60 30 ' i 54.00 [ 33.83, 74.17]

RE Model (Q = 248.02, df = 9, p-value = 0.000, I = 93.58%}

D eonti— 26.90 [ 13.12, 40.68]

rrrrr-rrr r 1Tl
20 <10 0 10 20 30 40 50 60 70 80

Raw Mean VF Difference
Studies are arranged by mean age difference.
Cl, confidence interval; RE, random effects; VF, visceral fat.
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SUPPLEMENTARY FIGURE 9

postmenopausal women

Forest plot of the cross-sectional raw mean suprailiac skinfold thickness difference between premenopausal and

First Author Year Sample Size Mean Age Differ.ence Raw Mean SISF Difference [95% CI]
Kadam 2010 172 8.4 |—-—( -0.30 [-3.48, 2.88]
Schaberg-Lorei 1990 109 16.1 |—.—-—| 1.10 [-1.63, 3.83]
Koskova 2007 93 16.99 : —_— 5.50 [ 1.68, 9.32]
Pacholczak 2016 294 21.6 : —— 8.67 [5.38, 11.96]
Dmitruk 2018 267 22.11 l—-—'-| -1.46 [-3.82, 0.90]
Soderberg 2002 75 22.8 |—-—| 0.40 [4.03, 4.83]
Van-Pelt 1998 58 26 I-i.-l -0.30 [-1.91, 1.31]
Soriguer 2009 409 27.2 - 4.67 [2.83, 6.51]
Van-Pelt 1998 31 32 —_— 8.40[3.27, 13.53]
Wing 1991 340 I-:—-—i 2.00 [-0.66, 4.66]

RE Model (Q = 52.09, df = 9, p-value = 0.000,

Studies are arranged by mean age difference.
Cl, confidence interval; RE, random effects; SISF, suprailiac skinfold thickness.

Ambikairajah. Fat mass changes during menopause. Am J Obstet Gynecol 2019.

I“ = 84.34%) !

- 2,65 [ 0.45, 4.85]
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SUPPLEMENTARY FIGURE 10
Forest plot of the cross-sectional raw mean abdominal skinfold thickness difference between premenopausal and
postmenopausal women

First Author Year Sample Size Mean Age Differ.ence Raw Mean ASF Difference [95% CI]
Schaberg-Lorei 1990 109 16.1 'i_.—| 2.80 [-1.43, 7.03]
Koskova 2007 93 16.99 ; — 10.90 [ 5.33, 16.47]
Dmitruk 2018 267 2211 l—l:—i -0.60 [-2.80, 1.60]
Van-Pelt 1998 58 26 5 —a— 4.90[222, 7.58]
Van-Pelt 1998 31 32 : ———— 1 18.60[9.59, 27.61]

RE Model (Q = 31.44, df = 4, p-value = 0.000, I> = 91.90%) !

| ~—eeen— 6.46 [ 0.51, 12.42]

| | | | |
-10 0 10 20 30

Raw Mean ASF Difference
Studies are arranged by mean age difference.
ASF, abdominal skinfold thickness; Cl, confidence interval; RE, random effects.
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SUPPLEMENTARY FIGURE 11

Forest plot of the cross-sectional raw mean leg fat percentage difference between premenopausal and
postmenopausal women

First Author Year Sample Size Mean Age Difference Raw Mean LF Difference [95% CI]
Cervellati 2009 260 10.4 L -4.90 [-6.56, -3.24]
Cremonini 2013 235 20.3 —_ ‘ -4.40 [-5.83, -2.97]
Park 2012 1020 21.5 —a -0.50 [-1.33, 0.33]

RE Model (Q = 35.06, df = 2, p-value = 0.000, I° = 92.94%)

——eeeSSEE——— -3.19 [-5.98, -0.41]

Raw Mean LF Difference
Studies are arranged by mean age difference.
Cl, confidence interval; LF, leg fat; RE, random effects.
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SUPPLEMENTARY FIGURE 12
Forest plot of the longitudinal body mass index change for postmenopausal women who were premenopausal at
baseline

First Author Year Sample Size Follow-up (Years) Raw Mean BMI Difference [95% CI]
Lee 2009 69 4 |-—-—| 0.55 [-0.05, 1.15]
Akahoshi 2001 48 6 :}—I—l 0.47 [ 0.02, 0.92]
Akahoshi 2001 388 6 :m 0.21 [ 0.05, 0.37]
Akahoshi 2001 565 6 m 0.20 [ 0.07, 0.33]
Ford 2005 74 6 :0—-—1 0.83 [ 0.02, 1.64]
Macdonald 2005 248 6 - 1.44[1.20, 1.68]
Janssen 2008 859 7 HH 0.97[0.77,1.17]
Franklin 2009 8 8 |——1 0.20 [-1.20, 1.60]
Razmjou 2018 48 10 —a— 0.55[0.17, 0.93]
Soreca 2009 48 20 —u=—ro 3.80[3.17, 4.43]

RE Model (Q = 217.93, df = 9, p-value = 0.000, I? = 98.23%)
o 0.93[0.26, 1.59]
| | | | |

-2 -1 0 1 2 3 4 5

Raw Mean BMI Difference
Studies are arranged by follow-up period.
BMI, body mass index; Cl, confidence interval; RE, random effects.
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baseline

SUPPLEMENTARY FIGURE 13
Forest plot of the longitudinal bodyweight change for postmenopausal women who were premenopausal at

Studies are arranged by follow-up period.

First Author Year Sample Size Follow-up (Years) Raw Mean BW Difference [95% ClI]
Lee 2009 69 4 .__._| 1.34[0.59, 3.27]
Lovejoy 2008 51 4 HH 2.30[1.99, 2.61]
Macdonald 2005 248 6 —a— 3.00[2.24, 3.76]
Franklin 2009 8 8 |—:—| 0.70 [-2.39, 3.79]
Razmjou 2018 48 10 |—-—| 1.15 [-0.03, 2.33]
Liu-Ambrose 2006 53 12 ———— 5.30[3.41,7.19]
Soreca 2009 48 20 | ——— 6.69[5.25, 8.13]

RE Model (Q = 51.72, df = 6, p-value = 0.000, I” = 94.10%)

BW, bodyweight; CI, confidence interval; RE, random effects.

Ambikairajah. Fat mass changes during menopause. Am J Obstet Gynecol 2019.
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SUPPLEMENTARY FIGURE 14
Forest plot of the longitudinal body fat percentage change for postmenopausal women who were premenopausal
at baseline

First Author Year Sample Size Follow-up (Years? Raw Mean BF Difference [95% CI]
Lee 2009 69 4 . 0.64 [0.25, 1.03]
Lovejoy 2008 51 4 ] 0.60 [0.51, 0.69]
Franklin 2009 8 8 E p——————— 5.10[2.64, 7.56]
Razmjou 2018 48 10 = 3.27 [2.72,3.82]

RE Model (Q = 101.15, df = 3, p-value = 0.000, I> = 98.89%) |

[ —— 2.181[0.21, 4.16]

Raw Mean BF Difference
Studies are arranged by follow-up period.
BF, body fat; Cl, confidence interval; RE, random effects.
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SUPPLEMENTARY FIGURE 15
Forest plot of the longitudinal waist circumference change for postmenopausal women who were premenopausal
at baseline

First Author  Year Sample Size Follow-up (Years) Raw Mean WC Difference [95% CI]
Janssen 2008 859 7 HH 3.10[2.88, 3.32]
Franklin 2009 8 8 e — 1.30 [-1.36, 3.96]
Razmjou 2018 48 10 : a4 6.52[5.98,7.06]

RE Model (Q = 135.67, df = 2, p-value = 0.000, I = 98.66%) |

———coSEEEERE——  3.52[0.87, 6.77]

Raw Mean WC Difference
Studies are arranged by follow-up period.
Cl, confidence interval; RE, random effects; WC, waist circumference.
Ambikairajah. Fat mass changes during menopause. Am J Obstet Gynecol 2019.
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SUPPLEMENTARY FIGURE 16

baseline

Forest plot of the longitudinal abdominal fat change for postmenopausal women who were premenopausal at

First Author  Year  Sample Size Follow-up (Years) Raw Mean AF Difference [95% Cl]

Abdulnour 2012 13 3 '—*

-2.10 [-13.18, 8.98]

Lee 2009 69 4 . ————— 38.23[ 26.33, 50.13]

Lovejoy 2008 51 4 -

19.60 [ 18.33, 20.87]

RE Model (Q = 24.14, df = 2, p-value = 0.000, I? = 95.40%);

18.53 [ -3.64, 40.69]

f T T T T T T
-20 -10 0 10 20 30 40
Raw Mean AF Difference
Studies are arranged by follow-up period.

AF, abdominal fat; CI, confidence interval; RE, random effects.
Ambikairajah. Fat mass changes during menopause. Am J Obstet Gynecol 2019.
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SUPPLEMENTARY FIGURE 17
Forest plot of the longitudinal visceral fat change for postmenopausal women who were premenopausal at
baseline

First Author Year Sample Size Follow-up (Years) Raw Mean VF Difference [95% CI]
Abdulnour 2012 13 3 ————  14.20[10.24, 18.16]
Lee 2009 69 4 . ——— 1 16.51 [12.15, 20.87]
Lovejoy 2008 51 4 - 9.50 [ 9.07, 9.93]

RE Model (Q = 15.02, df = 2, p-value = 0.001, I” = 83.83%)

JE— 12.95 [ 8.65, 17.25]

| | | | | | 1
0 4 8 12 16 20 24

Raw Mean VF Difference
Studies are arranged by follow-up period.
Cl, confidence interval; RE, random effects; VF, visceral fat.
Ambikairajah. Fat mass changes during menopause. Am J Obstet Gynecol 2019.
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SUPPLEMENTARY FIGURE 18

Funnel plots for cross-sectional studies with the use of a random effects model and the trim and fill method
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Left column, random effects model; right column, trim and fill method. Filled circles represent studies that were included in the metaanalyses; open
circles represent possible missing studies.

BF, body fat; BMI, body mass index; BW, bodyweight; WC, waist circumference; WTHR, waist-to-hip ratio.
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SUPPLEMENTARY FIGURE 19
Funnel plots for cross-sectional studies with the use of a random effects model and the trim and fill method

HC Random effects model HC Trim-and-fill method
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Left column, random effects model; right column, trim and fill method. Filled circles represent studies that were included in the metaanalyses; open
circles represent possible missing studies.

AF, abdominal fat; HC, hip circumference; SISF, suprailiac skinfold thickness; TF, trunk fat; VF, visceral fat.
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SUPPLEMENTARY FIGURE 20
Funnel plots for cross-sectional studies with the use of a random effects model and the trim and fill method
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Left column, random effects model; right column, trim and fill method. Filled circles represent studies that were included in the metaanalyses; open
circles represent possible missing studies.

ASF, abdominal skinfold thickness; LF, leg fat.
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SUPPLEMENTARY FIGURE 21
Funnel plots for longitudinal studies with the use of a random effects model and the trim and fill method

BMI Random effects model BMI Trim-and-fill method
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Left column, random effects model; right column, trim and fill method. Filled circles represent studies that were included in the metaanalyses; open
circles represent possible missing studies.

AF, abdominal fat; BF, body fat; BMI, body mass index; BWW, bodyweight; WC, waist circumference.
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SUPPLEMENTARY FIGURE 22

Funnel plot for a longitudinal study with the use of a random effects model and the trim and fill method

VF Random effects model
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Left column, random effects model; right column, trim and fill method. Filled circles represent studies that were included in the metaanalyses; open

circles represent possible missing studies.
V/F, visceral fat.
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SUPPLEMENTARY TABLE 1

Definition of data elements

Data element name Abbreviation Unit of measurement Type/method of measurement

Body mass index BMI Weight in kilograms divided by height Measured directly or with self-reported weight

in meters squared (kg/m?) and height

Bodyweight BW Weight in kilograms (kg) Measured directly or with self-report weight

Waist circumference WC Centimeters (cm) According to the World Health Organization,
measured at the midpoint between the lower
margin of the least palpable rib and the top
of the iliac crest

Hip circumference HC Centimeters (cm) According to the World Health Organization,
measured around the widest portion of
the buttocks

Waist-to-hip ratio WTHR A ratio of waist circumference Divide waist circumference by hip circumference

to hip circumference

Body fat percentage BF% Percentage (%) Dual energy x-ray absorptiometry (DEXA) or
bioelectrical impedance analysis (BIA) or
hydrodensitometry or near infrared interactance
or skinfold estimates

Trunk fat percentage TF% Percentage (%) Dual energy x-ray absorptiometry (DEXA) or
bioelectrical impedance analysis (BIA)

Total leg fat percentage LF% Percentage (%) Dual energy x-ray absorptiometry (DEXA) or
bioelectrical impedance analysis (BIA)

Subcutaneous abdominal fat AF Centimeters cubed (cm®) Computed tomography (CT) scan

Visceral fat VF Centimeters cubed (cm®) Computed tomography (CT) scan

Suprailiac skinfold thickness SISF Millimeters (mm) Measure the thickness of skin at the suprailiac,
with the use of calipers

Abdominal skinfold thickness ASF Millimeters (mm) Measure the thickness of skin at the suprailiac,
with the use of calipers

Ambikairajah. Fat mass changes during menopause. Am J Obstet Gynecol 2019.
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SUPPLEMENTARY TABLE 2
Table of study characteristics for cross-sectional studies

Premeno- Postmeno-

pausal pausal

women Women Body Waist- Total Suprailiac Abdominal

Sample Mean Standard Mean Standard mass Body- Waist to-hip body fat  Hip Subcutaneous Visceral skinfold Trunk fat skinfold Leg fat
Study Year size,n age,y deviation age, y deviation index weight circumference ratio percentage circumference abdominal fat fat thickness percentage thickness percentage
Abate et al’ 2014 205 46.7 1.9 52.7 34 * - - _ - — — — — — — —
Abdulnour et al® 2012 65 52.3 0.5 54.4 2 * * * — * — — — — — — —
2012 31 50.95 1.31 52.76 216~ * * — * — * * — — — —
Abildgaard et al® 2013 33 49.6 1.8 52 2 _ * — — — — — — — — — —
Adams-Campbell 1996 164 39.3 6.9 58.9 10.1 * * — - — — — — — — — —
etal’
Agrinier et al® 2010 1355 42.8 44 57.4 54 * — * — —_ —_ — — — — — _
Aguado et al® 1996 80 38.8 8.4 60.6 9.6 * * — - - — — — — — — —
Albanese et al’ 2009 289 48.8 3.8 53.6 37 * * — _- - — — — — — — —
Allali et al® 2009 200 43.9 6.3 61.5 8.8 * - — - — — — — — — — —
Aloia et al° 1995 39 375 582 541 79 * * — - - — — — — — — —
1995 125 40.2 72 62.5 781 * * — —_ - — — — — — — —

Amankwah etal'® 2013 1,031 46.3 6.5 62.7 7.2 * - * — * — — — — — —
Amarante etal'’ 2011 80 43.96 7.08  52.16 365 *  —  — - — — — — — — — —
Amiri et al'? 2014 340 36.8 1152 59 748 0 — - — — — — — — — —
Angsuwanthana 2007 697 49.4 339 5319 594 * * — - — — — — — — — —
etal
Armellini etal"* 1996 72 NA NA — - = S — — — — — - — —
Arthur et al'® 2013 250 34.48 8.85  57.25 828 * — * — — — — — — — —
Aydin et al'® 2010 1,106 48.7 26 54 34— — - — — — — — — — —
Ayub et al'” 2006 80 42.46 73 5115 4 I — * — — — - — — — —
Bancroft and 1996 103 47.6 37 55.4 305 * - — - - — — — — — — —
Cawood'®
Bednarek- 2006 94 483 23 50.5 3 * * — * — — — — — — — —
Tupikowska
etal'
Bell et al®® 2007 587 38.9 7.9 62.8 8.3 * * — —_ - — — — — — — —
Ben-Ali et al”’ 2016 242 39.48 779  57.87 765 0 — - - — — — — — — —
Ben-Ali et al? 2014 2,680 42.9 5 57.5 73 0 = - — — — — — — — —
Ben-Ali et al*® 2011 376 35.3 76 534 62 * - — - — — — — — — — —
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SUPPLEMENTARY TABLE 2
Table of study characteristics for cross-sectional studies (continued)

Premeno- Postmeno-

pausal pausal

women Wwomen Body Waist- Total Suprailiac Abdominal

Sample Mean Standard Mean Standard mass Body- Waist to-hip body fat  Hip Subcutaneous Visceral skinfold Trunk fat skinfold Leg fat

Study Year size,n age,y deviation age, y deviation index weight circumference ratio percentage circumference abdominal fat fat thickness percentage thickness percentage
Berg et al** 2004 50 36.9 4.1 57 53 *  — = - — — — — — — — —
Berge et al”® 1994 159 38.9 72 553 61 * - — - — — — — — — — —
Berger et al*® 1995 177 38.2 5 47.7 3.8 * * * * — * — — _ _ _ _
Berstad et al”’ 2010 4,041 42.83 5.1 56.42 546 * @— @ — R — — — — — — — —
Bhagat et al*® 2010 214 33.77 6.57 52.16 627 — — - — — — — — — — _
Bhurosy and 2013 400 34 NA 53 NA = * — * — — — — _ _
Jeewon?®
Blumenthal et al*® 1991 46 47 2 52 3 — — - - — — — — — _ _
Bonithon-Kopp 1990 416 47.8 22 523 18 * - — - — — — — — — — _
etal’
Caire-Juvera et al®®> 2008 238 44.8 239 60.1 359 *+ ¢ — — — — — — * — —
Campesi et al*® 2016 79 36.2 7.6 55.4 5.1 — — S — — — — — — — —
Carr et al** 2000 56 35.4 86 61 41— — - — — — — — — — —
Castracane etal®™ 1998 76 273 063 558 08 * — — - = — — — — — — _
Catsburg etal® 2014 3,320 45.8 89 679 M2 * — — - = — — — — — — _
Cecchinietal® 2012 12,243 46.34 428  60.81 751+ — — S — — — — — — — —
Cervellati etal®™® 2009 260 38.1 6.73 485 695 * — — * * — — — — * — *
Chain et al*® 2017 266 47 5 57 7 ok * * * * — — — — — —
Chang et al*’ 2000 329 36.1 65 612 62 * - * * * — — — — — —
Cho et al*' 2008 1,002 40.5 78 59 66 * * * - — — — — — — — _
Cifkova et al*? 2008 662 48.9 239 521 192 * —  — - - — — — — — — _
Copeland etal® 2006 411 36 85 515 77 = = - = — — — — — — —
Cremonini etal** 2013 235 35.2 107 555 48  * — * * — — — — * — *
Cui et al®® 2007 703 38.4 86 633 65 — * — - = — — — — — — —
D’haeseleer et al’® 2011 75 48.3 2.3 58.8 54 % R — S — — — — — — — —
DaCamaraetal® 2015 237 44.63 3.36 5447 524 * =  — - — — — — — — — —
Dallongeville et al*® 1995 2,167 48.3 3.4 57.4 39 * - — S — — — — — — — _
Dancey et al*® 2001 1,315 35 565 65 683 * — — - — — — — — — — —
Davis et al”’ 1994 729 481 17 502 17 0 - — R — — — — — — — —
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SUPPLEMENTARY TABLE 2
Table of study characteristics for cross-sectional studies (continued)

Premeno- Postmeno-

pausal pausal

ki i Body Waist- Total Suprailiac Abdominal

Sample Mean Standard Mean Standard mass Body- Waist to-hip body fat  Hip Subcutaneous Visceral skinfold Trunk fat skinfold Leg fat
Study Year size,n age,y deviation age, y deviation index weight circumference ratio percentage circumference abdominal fat fat thickness percentage thickness percentage
De Kat et al°’ 2017 53,911 36.9 8.1 55.3 7.4 * — — — — — — — — — — —
Den Tonkelaar 1990 9,491 44 3.6 57.8 74 * * * * — * — — — — — —
etal®
Dmitruk et al*® 2018 267 44.48 222  66.59 669 — * * — * * — — * — * —
Donato et al** 2006 168 44.3 3.6 53.3 3.8 * * * * — — — — — — — —
Douchi et al® 1997 324 36.6 9.4 62.1 7.7 * * — — * — — — — — — —
Douchi et al*® 2002 566 39.1 9.1 61.5 7.2 * * — — * — — — — — — —
Douchi et al®’ 2007 642 39 9 61.5 74 * * — — * — — — — * — —
Dubois et al*® 2001 217 39 9 63 8 oo — R — — — — — — — —
Engmann et al*® 2017 184,309 46.27 3.75 61.72 7.2 * — — — — — —_ — — — — —
Ertungealp etal® 1999 185 NA NA L — S — — — — — — — —
Feng et al®’ 2008 3,820 437 3 51 26 0+ ¢ * * * — — — — — — —
Formica et al® 1995 54 26.3 364 69 468 — — — — — — — — — — —
1995 46 26.5 382 649 423 — — — — — — — — — — —
Friedenreich et al®® 2007 285,685 41.11 69  58.76 625 * — * — * — — — — — —
Friedenreich et al® 2002 1,237 44.3 59 628 9 oo * * — * — — — — — —
Fuetal® 2011 527 38 8.6 61 7.2 * * — — * — —_ — — — — —
Fuh et al®® 2003 997 436 29 494 38— — R — — — — — — — —
Gambacciani et al®” 1999 812 413 7.8 55 416~ * — — — — — — — — — —
Genazzani and 2006 1,425 42.3 9.3 53 595 * * — — — — — — — — — —
Gambacciani®®
Ghosh® 2008 200 40.2 65  55.4 52 * - ¢ * — — — — — — — —
Ghosh and Bhagat’® 2010 245 32.66 575 5272 562 * — * * * _ _ _ _ _ _ —
Gram et al”’ 1997 3,076 44.3 35 51.7 3.6 * * — — — — — — — — — —
Guo et al’? 2015 132,793 45.5 34 597 55 * * * * * * — — — * — —
Gurka et al”® 2016 2,177 47.6 34 543 3 - — - — — — — — — — —
2016 779 47.4 2.1 53.1 41 —_ — * — — — — — — — — —

Hadiji et al”* 2000 434 36.5 104 618 89 * ¢ — R — — — — — — — —
Hagner et al”® 2009 118 365 517 625 543 * -  — R — — — — — — — —
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SUPPLEMENTARY TABLE 2
Table of study characteristics for cross-sectional studies (continued)
Premeno- Postmeno-
pausal pausal
women Wwomen Body Waist- Total Suprailiac Abdominal
Sample Mean Standard Mean Standard mass Body- Waist to-hip body fat  Hip Subcutaneous Visceral skinfold Trunk fat skinfold Leg fat
Study Year size,n age,y deviation age, y deviation index weight circumference ratio percentage circumference abdominal fat fat thickness percentage thickness percentage
Han et al’® 2006 2,105 44.1 46 634 89 — * - — — — — — — — —
Harting et al’” 1984 45 338 82 504 38 — ¢ — — — — — — — — —
1984 47 379 82 461 82 — — - — — — — — — —
1984 44 36.9 8.1 47 73— ¢ — - — — — — — — _
Heetal’ 2012 4,743 458 36 54 36 * - = * — — — — —_ — — _
Hirose et al”® 2003 16,132 42.2 NA 60 NA oo — - = — — — — — _ _
2003 1,716 38 NA 61.4 NA oo — - = — — — — — _ _
Hjartaker etal®® 2005 102,469 40.7 5 45.4 41— — - = — — — — — — —
Ho et al®' 2010 161 NA NA R — — — — — — — — —
Hsu et al®? 2006 6,833 41.5 53 526 47 o x — — > — — — — — — _
Hu et al® 2016 887 NA NA — — o+ — — — — — — _
Hunter et a** 1996 220 36.2 9 51.5 102 — * — - — * * — — — _
lida et al®® 2011 111 47.6 38 613 66 * * — — — — — — — — —
llich-Ernst et al®® 2002 51 33 92 619 33 o+ — — — — — — — — —
Ito et al®’ 1994 251 38.8 10 58.6 58 — * — - = — — — — — — —
Jaff et al®® 2015 338 45.1 33 518 386 * — - — * — — — — — _
Jasienska etal®® 2005 1,003 48.5 281 574 441+ - — - - — — — — — — _
Jeenduang etal®® 2014 361 42.58 6.62 58.17 965 * — * S — — — — — — — _
Jeon et al”! 2011 1971 493 85 512 9 oo * - = — — — — — — _
Jurimae and 2007 91 40.8 57 567 36 * ¢ — * * — — — — — — —
Jurimae®?
Kadam et al*® 2010 172 456 48 54 71— = - = * — — * — — _
Kang et al* 2016 264 47.9 33 608 6 oo — - = — * * — — — _
Kaufer-Horwitz 2005 980 33.7 84 583 69 * * * * — * — — — — — _
etal®
Kim et al*® 2007 2,671 35.4 8.1 65.1 93 * - S — — — — — — — _
Kim et al®’ 2012 1,758 50.7 2.8 65 74 = * * * — — — — — — _
Kim et al*® 2013 617 42.12 6.22  56.48 655 * — * S — — — — — — — _
Kim et al* 2016 10,088 36.9 87 64 97 * = * _ - _ _ _ _ _ _ _
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SUPPLEMENTARY TABLE 2
Table of study characteristics for cross-sectional studies (continued)

Premeno- Postmeno-
pausal pausal
Yomen omen Body Waist- Total Suprailiac Abdominal
Sample Mean Standard Mean Standard mass Body- Waist to-hip body fat  Hip Subcutaneous Visceral skinfold Trunk fat skinfold Leg fat
Study Year size,n age,y deviation age, y deviation index weight circumference ratio percentage circumference abdominal fat fat thickness percentage thickness percentage
Kirchengast et al'®® 1998 77 271 NA 55.8 NA * * — — — — - - * _ _
Kirchengast et al'®" 1996 459 26.8 NA 52.1 NA — * S — * — - - — _ _
Knapp et al'% 2001 409 40.3 9.5 59.9 7.5 * * — — — — — — — — — —
Koh et al'® 2008 160 44.2 292 545 435 *  — * * — * * — — — —
Konrad et al'®* 2011 51 43 5 53 4 oo * R — * — — — — — —
Kontogianni et al'® 2004 80 478 314 5447 53% * — — * * — — — — — — —
Konukoglu et al'® 2000 75 35.4 8.3 49.5 4.7 * — — — — — — — — — — —
Koskova etal'® 2007 93 42.54 2.5 59.53 271 ¢+ * * — * — — * — * —
Kotani et al'® 2011 262 44.7 49 64.6 4.4 * — — — — — — — — — — —
Kraemer etal'® 2001 141 26.8 49 57.63 747 ¢ -  — - — — — — — — — _
Kuk etal'" 2005 251 37.6 86  66.7 8 £ = — ¢ — — — — — — —
Laitinenetal' 1991 257 36.7 9 59.6 64 — * — R — — — — — — — —
Lejskovaetal''® 2012 480 48.6 24 522 2 = * — * — — — — — —
Leon-Guerrero 2017 275 43.94 6.63  58.44 869 * * * — — — — — — — — —
etal'’®
Ley etal'" 1992 131 32 6 53 5 oo — R — — — — — — — —
Linetal''® 2006 594 46 36 531 44 ¢ * R — — — — — — — —
Lindquist and 1980 326 50 NA 50 NA - — — — — — — — — — —
Bengtsson''®
Lindsay etal'” 1992 150 39.65 998  59.34 837 * ¢ — — ¢ — — — — — — —
Lovejoyetal'® 2008 85 50.2 03 521 03 — — — — * * — — — —
Lyuetal'" 2001 203 45.1 34 534 5 oo * * — * — — — — — —
Maharlouei et al'®® 2013 924 46.5 5 58.6 67 * — = * — — — — — — — —
Malacara etal'®' 2002 901 46.8 31 50.9 4.4 * * — — — — — — — — — —
2002 1,180 45.2 29 49.8 328 * * — — — — — — — — — —
2002 546 44.8 3.6 49.9 4.2 * * — — — —_ — — — — — —
2002 2,000 45.1 3.4 50.8 3.4 * * — — — — — — — — — —
2002 1,008 44.3 24 50.6 2.6 * * — — — — —_ — — — — —
2002 2,000 45.4 2.6 51 2.4 * * — — — — — — — — — —
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SUPPLEMENTARY TABLE 2
Table of study characteristics for cross-sectional studies (continued)
Premeno- Postmeno-
pausal pausal
Yomen omen Body Waist- Total Suprailiac Abdominal
Sample Mean Standard Mean Standard mass Body- Waist to-hip body fat  Hip Subcutaneous Visceral skinfold Trunk fat skinfold Leg fat
Study Year size,n age,y deviation age, y deviation index weight circumference ratio percentage circumference abdominal fat fat thickness percentage thickness percentage
Manabe et al'®> 1999 254 457 42 603 55 *x * * * — * — — — — — _
Manijer et al'*® 2001 9,738 42.8 79 541 3 oo — - = — — — — — — _
Mannisto et al'** 1996 417 433 6 59.8 7.7 * * — * * — — — — - — —
Martini et al'*® 1997 757 432 6.7 59.9 8.1 ok — - — — — — — — _
Marwaha etal'® 2013 1,423 31 8.6 64.5 74 = — S — — — — — — — _
Matsushita etal'®” 2003 281 43 63 624 79 0+ x — - — — — — — — — —
Matsuzaki etal'”® 2017 1,760 29.3 99 468 69 * * — - = — — — — — — —
Matthews etal'®® 1989 138 47.3 15 478 16 0+ 0+ — - = — — — — — — _
Mesch et al'*° 2006 60 33 56 55 56 *  — * — — — — — — — _
Meza-Munoz 2006 113 40.03 7.16 53.75 428 * — — — — — — — — — — —
etal'™
Minatoya et al’®?> 2014 66 NA NA = = - - — — — — — _ _
Mo et al'*® 2017 200 41.7 63 597 68 * * — * * — — — — — — _
2017 200 42 54 598 7 oo — * * — — — — — — _
2017 216 421 64 608 81 o+ x — * * — — — — — — _
2017 244 432 7 60.8 76 — * * — — — — — — _
Muchanga et al'** 2014 200 44 3 53 4 o x - — — — — _ _ — _
Muti et al'*® 2000 576 445 48 577 50 * - — * — — — — — — — _
Nitta et al'*® 2016 38,610 45.5 38 624 78 - ¢ — - = — — — — — — _
Noh et al'®’ 2013 540 46.92 47  59.34 582 * —  — - = — — — — — — _
Nordin et al'*® 1992 259 43.1 7.5 59.9 85 — = — S — — — — — — — _
Ohta et al'*® 2010 373 14.8 17 719 45  * — R — — — — — — — _
Oldroyd etal'® 1998 211 37.2 88 616 79 — ¢ — - = — — — — — — _
Pacholczak etal'*' 2016 294 4138 6.1 63.4 102 * 0+ * * — * — — * — — —
Park et al'*? 2012 1,020 37 725 585 77— — — — — — — — — *
Park et al'*® 2017 43,599 45.6 5 59.6 68 * * * * — * — — — — — _
Pavicic Zezelj 2010 535 45.6 6 58.79 82 *x * — - = — — — — — — _
etal'*
Pavlica et al'*® 2013 160 38.87 9.81 5842 .00 0+ — S — — — — — — — _
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SUPPLEMENTARY TABLE 2
Table of study characteristics for cross-sectional studies (continued)

Premeno- Postmeno-

pausal pausal

Yomen omen Body Waist- Total Suprailiac Abdominal

Sample Mean Standard Mean Standard mass Body- Waist to-hip body fat  Hip Subcutaneous Visceral skinfold Trunk fat skinfold Leg fat

Study Year size,n age,y deviation age, y deviation index weight circumference ratio percentage circumference abdominal fat fat thickness percentage thickness percentage
Phillips et al'*® 2008 78 329 9.14 614 1073 * ¢ * * — — — — — — — —
Polesel et al'*’ 2015 311 34.83 84 5263 572 *  — - — — — — — — — —
Pollan et al'*® 2012 3,574 49 29 58 45 * * * * — * — — — — — —
Portaluppi et al'*® 1997 1,376 48 3.1 53.3 42— — S — — — — — — — _
Priya et al'>° 2013 65 38.65 6.21 5532 632 * * * * — * — — — — — _
Rantalainen 2010 303 23 47 577 42 — - — — — — — — — _
etal'™
Reina et al'>? 2015 192 33 1 58.9 89 — — - = — — — — — — —
Revilla et al'>* 1997 151 37.4 7.2 59.9 97 * = — S — — — — — — — _
Revilla et al'>* 1997 144 36.1 6.9 60.6 105 * ¢ — S — — — — — — — _
Rice et al'>® 2015 1,607 43.3 4.1 53.4 53 * -  — - — — — — — — — _
Rico et al'>® 2001 270 35.1 77 595 98 * * — - = — — — — — _ _
Rico et al'>’ 2002 297 34 7 59 9 A — - = — — — — — — —
Roelfsema et al'®® 2016 91 35.83 6.84  59.08 681 * — — - = — — — — — — —
Rosenbaum et al'*® 1996 427 894 66 917 * ¢ — — — — — — — — —
Salomaaetal'® 1995 778 47.4 24 579 49— — - = — — — — — — _
Sarrafzadegan 2013 4,143 32.15 922 598 1039 * o+ * * — — — — — — — _
etal'®
Schaberg-Lorei 1990 109 42.3 48 584 51 — ¢ * — > — — — * — * —
et al'®?
Schwarzetal'®® 2007 1,119 456 42 64.6 8 = = - — — — — — — — _
Shakir et al'®* 2004 4,092 53.2 16 569 29 — -  — * — — — — — — — _
Sherk et al'® 2011 73 22.8 274 64 393 — ¢ — — — — — — — — —
Shibata et al'®® 1979 448 46.9 14 474 14 * — — - = — — — — — — —
Sieminska etal'®” 2006 131 28.2 41 53.9 32 - — * — — — — — — — _
Skrzypczak and 2005 1,647 43.66 4.07 56.01 708 * — — — — — — — — — — —
Szwed'®®
Skrzypczak et al'®® 2007 10,216 43.43 493  62.87 853 * @ —  — R — — — — — — — _
Soderberg etal’’® 2002 75 37.9 7.9 60.7 6.1 * — * — * — — * — _ _
Sonetal'” 2015 1,470 46.8 25 522 31—k - = — — — —_ — — _
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SUPPLEMENTARY TABLE 2
Table of study characteristics for cross-sectional studies (continued)

Premeno- Postmeno-

pausal pausal

women women Body Waist- Total Suprailiac Abdominal

Sample Mean Standard Mean Standard mass Body- Waist to-hip body fat  Hip Subcutaneous Visceral skinfold Trunk fat skinfold Leg fat
Study Year size,n age,y deviation age, y deviation index weight circumference ratio percentage circumference abdominal fat fat thickness percentage thickness percentage
Soriguer etal'’> 2009 409 36.9 75 64.1 5.2 * — * — — — — * _ _ _
Staessenetal'”® 1989 462 426 5.1 53 5 L — — ¥ — — — — - — —
Suarez-Ortegon 2012 123 42.2 5.6 51.8 6.8 * — * — * — — — — — — —
etal'”
Suliga et al'”® 2016 3,636 49.7 31 55.2 3 * — * — * — — — — — — —
Sumneretal'’® 1998 65 32.6 3.7 57.8 59 * ¢ — — — — — — — — _
Tanaka et al'’’ 2015 464 41.4 6.5 62.8 6.8 * * — — * — — — — * — —
Thomas et al'’® 2000 302 35 8.6 69.8 13.1 * * — — — — — — — — — —
Torng et al'”® 2000 1,543 42.7 58 612 95 * — - — — — — — — — —
Toth et al'® 2000 81 47 3 51 4 oo — — ¢ — * * — — — —
Tremollieres 1996 168 49.3 3.2 53.8 341 * * — — — — — — — — — —
etal'®
Trikudanathan 2013 170 49.3 3 49.4 3 * — * — — — * * — — — —
et al'®
Van-Peltetal'®® 1998 31 29 412 61 43 * ¢ * — — — — * — * —
1998 58 30 548 56 557 * * * — * — — — * — * —

Veldhuis et al'®* 2016 120 34 9.3 64 852 * — — — — — * * — — — —
Wang et al'® 2012 1,526 44.2 6.6 56.3 4.6 —_ — — — * — — — — — — —
Wang et al'®® 2006 346 33.36 9.2 66.75 1075  * — — — — — — — — — _ _
Wang et al'®’ 2012 1,143 49.13 272 6472 761+ — * — * — — — — — —
Wee et al'®® 2013 283 45.81 112 5638 184 * - — R — — — — — — — —
Williams etal'®® 1997 115 327 109 639 116  * —  — R — — — — — — — —
Wing et al'®° 1991 340 NA NA * * — — — — — — * — — —
Xu et al'®"’ 2010 252 447 4.1 70.7 6.3 * * — — — — — — — — — —
Yamatani etal'®® 2013 40 426 7.35 606 75  xx — - — — * * — — — —
Yannakoulia 2007 114 38.6 7.7 57.5 6.2 * * * * * — —_ — — — — —
etal'®
Yoldemir and 2012 190 45.27 293  57.02 6.15 * * — * — — — — — — — —
Erenus'®*
Yoo et al'® 2012 358 34.2 97 611 77k * * * — * * — — — —
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SUPPLEMENTARY TABLE 2

Table of study characteristics for cross-sectional studies (continued)

Premeno- Postmeno-

pausal pausal

Yomen omen Body Waist- Total Suprailiac Abdominal

Sample Mean Standard Mean Standard mass Body- Waist to-hip body fat  Hip Subcutaneous Visceral skinfold Trunk fat skinfold Leg fat

Study Year size,n age,y deviation age, y deviation index weight circumference ratio percentage circumference abdominal fat fat thickness percentage thickness percentage
Yoo et al'® 1998 306 NA NA * * — — — — — — — — — —
Yoshimoto et al’®” 2011 278 41.8 6.2 62.1 8.2 * * — — — — — — — — — —
Zhong et al'®® 2005 676 NA NA * * — — — — — — — — — —
Zhou et al'*® 2010 729 422 3.8 53.8 28 - — S — — — — — — — _
Zhou et al*®® 2015 6,324 44.1 48 60 78 * * — — — — — — — —
Zivkovic et al®®' 2011 271 37 53 54 45 *+  — S — — — — — — _ _

NA, not available. The asterisk indicates inclusion of the measure.
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Study Year

SUPPLEMENTARY TABLE 3
Table of study characteristics for longitudinal studies

Sample
Size

Mean age, y (standard deviation)

Premenopausal Postmenopausal

Body
mass
index

Bodyweight

Waist
circumference

Total
body fat
percentage

Subcutaneous
abdominal fat

Visceral
fat

Abdulnour 2012
et al®

Akahoshi 2001
et al?%?

2001
2001

Ford 2005
et al?%

Franklin 2009
et al?*

Janssen 2008
et al?%®

Lee et al*®® 2009

Liu- 2006
Ambrose
et al®”’

Lovejoy 2008
gtal'

Macdonald 2005
et al?%

Razmjou 2018
et al”®

Soreca 2009
et al?'”

13

48

388
565
74

859

69

53

51

248

48

48

50.65 (2.26)

39.40 (1.60)

44.20 (1.60)
48.30 (1.70)
40.07 (4.43)

49.30 (1.70)

46.81 (2.52)

50.60 (2.60)

40.50 (4.70)

48.10 (0.30)

47.72 (1.40)

49.77 (1.80)

47.98 (1.32)

The asterisk indicates inclusion of the measure.

52.76 (2.16)

45.30 (1.50)

50.10 (1.50)
54.20 (1.70)
45.77 (4.62)

57.00 (2.26)

52.29 (2.86)

54.70 (2.60)

53.20 (4.70)

52.10 (0.30)

54.13 (1.52)

59.97 (1.78)

67.98 (1.32)
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SUPPLEMENTARY TABLE 4

Quality assessment of individual cross-sectional studies
Newcastle-Ottawa quality assessment scale (adapted)

Selection Comparability Outcome Total score
Study Year Question1 Question2 Question3 Question4a Question 4b Question5 Question6 Question7 Question 8 (out of 9)
Abate et al’ 2014 — * — * * * N . " -
Abdulnour et al? 2012 * * — * x « N . . "
Abildgaard et al® 2013 * * — * * * . * . 8
Adams-Campbell et al* 1996 * * * * — — — — * 5
Agrinier et al® 2010 * * * * _ * N . . 3
Aguado et al® 1996 — * — * — — _ * « 4
Albanese et al’ 2009 * * — * * * * * . 8
Allali et al® 2009 * * — * — — — — — 3
Aloia et al’ 1995 * * — * — _ _ _ _ 3
Amankwah et al'® 2013 * * * * _ * * « . 8
Amarante et al'’ 2011 — — — * * _ « _ . 4
Amiri et al'? 2014 * * * * — — * * « 7
Angsuwanthana et al'® 2007 * * * * * « * * . 9
Armellini et al'* 1996 * — — — — — * * 4
Arthur et al™® 2013 * * — * _ * . . . .
Aydin et al'® 2010 * * * * * * « . . 9
Ayub et al'’ 2006 — — — * * _ _ * . 4
Bancroft et al'® 1996 * * * * * x . . . 9
Bednarek-Tupikowska et a 2006 — — — * * — — * * 4
Bell et al*° 2007 * * — * _ * . . . 7
Ben-Ali et al”’ 2016 * * — * — _ * x . 6
Ben-Ali et a2 2014 * * — * — — * * « 6
Ben-Ali et al*® 2011 * * — * _ * . « . 7
Berg et al** 2004 — — — * _ * N . . =
Berge et al”® 1994 * * * * _ « . _ _ 6
Berger et al*® 1995 — * — * * « x « . .
Berstad et al*’ 2010 * * * * — * * _ . 7
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SUPPLEMENTARY TABLE 4

Quality assessment of individual cross-sectional studies (continued)
Newcastle-Ottawa quality assessment scale (adapted)

Selection Comparability Outcome Total score
Study Year Question1 Question2 Question3 Question4a Question4b Question5 Question6 Question7 Question 8 (out of 9)
Bhagat et al*® 2010 * * — * — * « . . 7
Bhurosy et al*° 2013 * * — * _ * . . . 7
Blumenthal et al*” 1991 * * * * * * * _ _ 7
Bonithon-Kopp et al*’ 1990 * * — * * * « _ _ 6
Caire-Juvera et al* 2008 * * — * _ * * * . 7
Campesi et al*® 2016 — — — * _ . « _ _ 3
Carr et al® 2000 * * — * _ x « - _ 5
Castracane et al* 1998 — — — * — * _ _ _ 9
Catsburg et al*® 2014 * * — * — — _ _ * 4
Cecchini et al*’ 2012 * * — — — * « x . 6
Cervellati et al*® 2009 — — — * — * « * « 5
Chain et al* 2017 * * — * * _ x . . -
Chang et al* 2000 * * — * — * . * . 7
Cho et al”’ 2008 * * — * _ _ x . . 6
Cifkova et al*? 2008 * * — * * « . . . 3
Copeland et al*® 2006 * * — * _ « * « . 7
Cremonini et al** 2013 * * — * _ * * « . 7
Cui et al® 2007 * * — * _ « * . . 7
D’haeseleer et al*® 2011 — — * * * * . _ . 6
Da Camara et al*’ 2015 * * * * * * . . . 9
Dallongeville et al*® 1995  * * — * * — « x « 7
Dancey et al*’ 2001 * * — * — * * _ _ 5
Davis et al™” 1994 * * — * * x « _ - 5
De Kat et al”’ 2017 * * — * — * « * . 7
Den Tonkelaar et al*? 1990 * * — * — _ * x . 6
Dmitruk et al®® 2018 * * — * — * * * x 7
Donato et al** 2006 * * * * * * « x . 9
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SUPPLEMENTARY TABLE 4

Quality assessment of individual cross-sectional studies (continued)
Newcastle-Ottawa quality assessment scale (adapted)

Selection Comparability Outcome Total score
Study Year Question1 Question2 Question3 Question4a Question4b Question5 Question6 Question7 Question 8 (out of 9)
Douchi et al”® 1997 * * — * _ . — " " 5
Douchi et al*® 2002 * * — * _ x . . . -
Douchi et al®”’ 2007 * * — * _ _ * « . 6
Dubois et al*® 2001 — * — * — * « _ _ 4
Engmann et al®® 2017 * * — * _ * * _ . 6
Ertungealp et al™ 1999 * — — — — _ _ _ _ 1
Feng et al°’ 2008 * * * * — * « . . g
Formica et al®” 1995 * * — * — — — — — 3
Friedenreich et al®® 2007 * * — * _ « x « . 7
Friedenreich et al** 2002 * * * * — * « x . 8
Fuetal® 2011 * * — * _ « * . . 7
Fuh et al®® 2003 * * _ * x x N . . 3
Gambacciani et al®’ 1999 * * — * _ * « . . 2
Genazzani et al®® 2006 * B — * _ * * * . 7
Ghosh et al® 2008 * * — * _ x . . . .
Ghosh et al” 2010 * * — * _ * . x . 7
Gram et al”’ 1997 * * — * * _ « . . -
Guo et al”? 2015 * * — * _ « * . . 7
Gurka et al”® 2016 * * * * * * « _ _ 7
Hadji et al” 2000 * * — * _ « * . . 2
Hagner et al” 2009 * * — * _ « * « . 7
Han et al’® 2006 * * — * — _ * x « 6
Harting et al”’ 1984 * * — * _ * _ _ _ 4
He et al’® 2012 * * — * * « * . . 3
Hirose et al”® 2003 * * — * — — — — * 4
Hjartaker et al* 2005 * * — * * * . _ . .
Ho et al®’ 2010 * * * — _ « « . . 7
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SUPPLEMENTARY TABLE 4

Quality assessment of individual cross-sectional studies (continued)
Newcastle-Ottawa quality assessment scale (adapted)

Selection Comparability Outcome Total score
Study Year Question1 Question2 Question3 Question4a Question4b Question5 Question6 Question7 Question 8 (out of 9)
Hsu et al** 2006 * * — * — — — * * 5
Hu et al*® 2016 * * — — — _ _ x . 4
Hunter et al®* 1996 * * — * — _ « x . 6
lida et al®® 2011 * * — * — — _ * « 5
llich-Ernst et al*® 2002 — — — * — — _ x « 3
lto et al®’ 1994 — — — * _ . « _ _ 3
Jaff et al®® 2015 * * — * * « * . . 3
Jasienska et al*® 2005 * * — * * — — * * 6
Jeenduang et al* 2014 * * — * _ _ * * . 6
Jeon et al”’ 2011 * * — * * * * * « 8
Jurimae et al* 2007 — — — * — * * x « 5
Kadam et al*® 2010 * * — * « * . . . 5
Kang et al™ 2016 * * — * _ _ _ " . 5
Kaufer-Horwitz et al*® 2005 * * — * — * * * « 7
Kim et al” 2007 * * — * — — * * « 6
Kim et al”’ 2012 * * — * — — — * * 5
Kim et al*® 2013 * * * * — — * * « 7
Kim et al” 2016 * * — * — — _ * « 5
Kirchengast et al'* 1996 * * * * — * * * « 8
Kirchengast et al'”"’ 1998 * * * * — * * « * 8
Knapp et al'%? 2001 * — — * — — — _ _ 2
Koh et al'® 2008 * * — * — * * x x 7
Konrad et al'®* 2011 * * — * * — * * « 7
Kontogianni et al'%® 2004 * * * * * _ * x x 8
Konukoglu et al'*® 2000 — — * * — — * _ _ 3
Koskova et al'%’ 2007 * * * * _ . x « . 8
Kotani et al'%® 2011 — — — * — — * * * 4
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SUPPLEMENTARY TABLE 4

Quality assessment of individual cross-sectional studies (continued)
Newcastle-Ottawa quality assessment scale (adapted)

Selection Comparability Outcome Total score
Study Year Question1 Question2 Question3 Question4a Question4b Question5 Question6 Question7 Question 8 (out of 9)
Kraemer et al'®® 2001 * * — * — — — — _ 3
Kuk et al' " 2005 * * — * — _ _ x . 5
Laitinen et al'"’ 1991  * * — * — — _ — _ 3
Lejskova et al''? 2012 * * — * * * * * « 8
Leon-Guerrero et al'™® 2017 * * — * — * * x x 7
Ley etal'' 1992 * * — * _ . N . . .
Linetal'" 2006 * * — * * — * * « 7
Lindquist et al''® 1980 * * * * * * * x « 9
Lindsay et al'"’ 1992 * . — * — — — * * 5
Lovejoy etal'™® 2008 * * * * * — * * « 8
Lyuetal'" 2001 * * — * * _ « x . 7
Maharlouei et al'*° 2013 * * — * — * * * « 7
Malacara et al'*’ 2002 * * * * * * * _ * 8
Manabe et al'** 1999 — * — * — — — * * 4
Manijer et al'*® 2001 * * — * _ x . . . -
Mannisto et al'** 1996 * * * * — — — * * 6
Martini et al'?® 1997 * * — * — — * * « 6
Marwaha et al'*® 2013 * * — * — * * * « 7
Matsushita et al'?’ 2003 * * — * — * _ x . 6
Matsuzaki et al'*® 2017 * * — * — _ _ « x 5
Matthews et al'* 1989 * * * * * * * _ _ 7
Mesch et al'* 2006 — — — * _ . « . . 5
Meza-Munoz et al™®’ 2006 * * — * — * * « « 7
Minatoya et al'** 2014~ * — — — — — — — 2
Mo et al'*® 2017 * * — * — — — * * 5
Muchanga et al'** 2014 * * * * * x x « . 9
Muti et al'® 2000 * * — * — — * * * 6
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SUPPLEMENTARY TABLE 4

Quality assessment of individual cross-sectional studies (continued)
Newcastle-Ottawa quality assessment scale (adapted)

Selection Comparability Outcome Total score
Study Year Question1 Question2 Question3 Question4a Question4b Question5 Question6 Question7 Question 8 (out of 9)
Nitta et al'® 2016 * % — * — _ _ _ _ 3
Noh et al'® 2013 * * * * _ « * « . 8
Nordin et al'*® 1992 — — — * — — _ _ _ 1
Ohta et al"*® 2010 * * * * _ _ _ « . 6
Oldroyd et al'*’ 1998 — — — * — — — — — 1
Pacholczak et al'*' 2016 * * — * _ _ * * . 6
Park et al'*? 2012 * * — * — _ _ « * 5
Park et al'*® 2017 * * — * _ * * _ . 6
Pavicic et al'** 2010 * * — * _ * * * . 7
Pavlica et al'*® 2013 * * — * — _ _ « x 5
Phillips et al'*® 2008 * * — * _ _ * * . 6
Polesel et al'*’ 2015 * * * * _ * * N . 8
Pollan et al'*® 2012 * * _ * « x N . . 3
Portaluppi et al'*° 1997 — * * * x . N . . 3
Priya et al'>° 2013 * * — * _ _ * x . 6
Rantalainen et al'®' 2010 — — — * — * _ « * 4
Reina et al'** 2015 — * — * — — — — — 2
Revilla et al'*® 1997 * — — * — * * x * 6
Revilla et al'®* 1997 * * — * _ * * x . 7
Rice et al'*® 2015 * * — * _ x . _ . 5
Rico et al'®® 2001 * — * * _ * * « . 7
Rico et al'®” 2002 * — * * _ * * . N 7
Roelfsema et al'®® 2016 * — — * — * * x x 6
Rosenbaum et al'*° 1996 — — — * _ * * * * 5
Salomaa et al'®° 1995 * * — * _ « * . . 7
Sarrafzadegan et al'®’ 2013 * * — * — — _ * « 5
Schaberg-Lorei et al'®? 1990 — — — * — _ _ « x 3
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SUPPLEMENTARY TABLE 4

Quality assessment of individual cross-sectional studies (continued)
Newcastle-Ottawa quality assessment scale (adapted)

Selection Comparability Outcome Total score
Study Year Question1 Question2 Question3 Question4a Question4b Question5 Question6 Question7 Question 8 (out of 9)
Schwarz et al'®® 2007 * % — * _ « N . . 7
Shakir et al'®* 2004 * * * * * x N . . 9
Sherk et al'®® 2011 — — — * — _ _ * * 3
Shibata et al'®® 1979 — * — * * _ _ _ _ 3
Sieminska et al'®’ 2006 — — — * — * * _ _ 3
Skrzypczak et al'®® 2005 * * — * — « * « . 7
Skrzypczak et al'®° 2007 * * — * _ « x « . 7
Soderberg et al'”® 2002 * * — * _ x N . . 7
Sonetal'” 2015 * * — * x « N . . 3
Soriguer et al'’? 2009 * * — * _ _ * . . 6
Staessen et al'”® 1989 — — — * _ _ N . N 4
Suarez-Ortegon et al'” 2012 — — — * * _ _ N N 4
Suliga et al'”® 2016 * * _ * * _ N . . 2
Sumner et al'’® 1998 — — — * _ _ * N N 4
Tanaka et al'”’ 2015 — — — * _ * . . N 5
Thomas et al'’® 2000 * * — * _ _ * . . 6
Torng et al'”® 2000 * * — * — _ * « . 6
Toth et al'® 2000 — * * * * « N . . 3
Tremollieres et al'®’ 1996 * * * * * _ N . . 8
Trikudanathan et al'®? 2013 * * * * * _ . . . 8
Van-Pelt et al'® 1998 — — * * _ x N . . 6
Veldhuis et al'®* 2016 * * * * _ _ * . . 7
Wang et al'® 2012 * * — * _ _ _ . . 5
Wang et al'® 2006 * * — * _ _ « . . 6
Wang et al'®’ 2012 * * — * — * * _ R 6
Wee et al'® 2013 — * — * _ « * « . 6
Williams et al'®° 1997 * * — * — « * . . 7
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SUPPLEMENTARY TABLE 4

Quality assessment of individual cross-sectional studies (continued)
Newcastle-Ottawa quality assessment scale (adapted)

Selection Comparability Outcome Total score
Study Year Question1 Question2 Question3 Question4a Question4b Question5 Question6 Question7 Question 8 (out of 9)
Wing et al'® 1991  * % — — _ « . . . 5
Xu et al'®’ 2010 * * * * _ x N . . 8
Yamatani et al'® 2013 * * * * _ _ * " . 7
Yannakoulia et al’*® 2007 * * * * _ x N . . 3
Yoldemir et al'®* 2012 * * * * _ « « . . 3
Yoo et al'®® 2012 * * * * _ _ * . . 7
Yoo et al'® 1998 * * * — _ « « . . 7
Yoshimoto et al'®’ 2011 * * — * — _ _ _ _ 3
Zhong et al'®® 2005 * * — — _ _ _ * . 4
Zhou et al'® 2010 * * * * _ « « . . 3
Zhou et al**° 2015 * * — * _ _ x . . 6
Zivkovic et al>’ 2011 * * — * _ _ . . N 6

The asterisk indicates inclusion of the measure.
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SUPPLEMENTARY TABLE 5

Quality assessment of individual longitudinal studies
Newcastle-Ottawa quality assessment scale (adapted)

Selection Comparability Outcome
Study Year Question1 Question2 Question3 Question4a Question4b Question5 Question6 Question7 Question 8 Total score (of 9)
Abdulnour et al® 2012 * * — * * * « " . 3
Akahoshi et al**” 2001 * * * * * * « x x 9
Ford et al**® 2005 * — * * * * . x . 3
Franklin et al** 2009 — — — * * _ « . _ A
Janssen et al®®® 2008 * * — * * * * « . 8
Lee et al**® 2009 * * — * * * « * . 8
Liu-Ambrose et al®® 2006 * * — * * * « x « 8
Lovejoy et al'"® 2008 * * * * * _ N . . 8
Macdonald et al®®® 2005 * * — * * « x . . 8
Razmjou et al** 2018 * * — * * « * . . 8
Soreca et al*'"° 2009 * * — * * * _ * . 7

The asterisk indicates the study met the criterion for the question.
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SUPPLEMENTARY TABLE 6
Output for cross-sectional studies

Total sample size, n

Mean age, y (standard deviation)®

Mean fat mass, eeee
(standard deviation)®

Estimate, eeee
(95% confidence
interval)

Data element Studies, n

name (samples) Premenopausal Postmenopausal Premenopausal Postmenopausal Premenopausal Postmenopausal Unstandardized Pvalue Standardized Pvalue
Body mass 171 (181) 453,036 523,796 41.96 (3.69) 59.42 (3.06) 24.75 (1.60) 26.64 (1.25) 1.14(0.95-1.32)° <.0001 0.28 (0.23—0.33)" <.0001
index

Bodyweight 109 (122) 113,603 204,845 43.36 (4.71) 59.55 (3.27) 64.82 (7.91) 66.12 (9.17) 1.00 (0.44—1.57)° .0005 0.08 (0.03—0.14)" .0040
Waist 70(72) 214,712 326,639 42.28 (3.65) 59.07 (1.91) 78.58 (4.24) 83.61(3.19) 4.63 (3.90—5.35)° <.0001 0.45 (0.37—0.52)° <.0001
circumference

Waist-to-hip 47 (50) 199,140 309,797 42.39 (3.44) 59.09 (1.42) 0.78 (0.03) 0.81(0.03) 0.04 (0.03—0.05)° <.0001 0.65 (0.52—0.77)" <.0001
ratio

Total body fat 46 (52) 58,605 113,226 43.81 (4.67) 59.55 (3.81) 32.44 (3.47) 35.69 (3.84) 2.88 (2.13—3.63)° <.0001 0.90 (0.09—1.71)° .0292
percentage

Hip 25(25) 185,885 297,189 42.48 (3.08) 59.15 (0.95) 100.30 (2.66)  102.73 (2.25) 2.01 (1.36—2.65)" <.0001 0.20 (0.13—0.27)° <.0001
circumference

Subcutaneous 10 (10) 696 833 41.01 (6.96) 57.48 (5.36) 194.05 (23.65) 221.21(32.09)  28.73 (8.56—48.91)° .0053 0.85(—0.50—2.21) 2176
abdominal fat

Visceral fat 10 (10) 696 833 41.01 (6.96) 57.48 (5.36) 69.22 (15.75)  104.36 (13.92)  26.90 (13.12—40.68)° .0001 0.59 (0.20—0.98)" .0028
Suprailiac 9(10) 1,103 745 39.76 (4.41) 61.89 (4.77) 22.16 (7.04) 24.55 (9.90) 2.65 (0.45—4.85)° 0181 0.28 (0.05—0.50)" 0149
skinfold

thickness

Trunk fat 7(7) 39,335 95,756 45.28 (6.61) 59.68 (3.41) 31.27 (4.78) 33.74 (5.36) 5.49 (3.91—7.06)° <.0001 0.68 (0.52—0.83)" <.0001
percentage

Abdominal 4(5) 199 359 40.64 (6.32) 62.99 (5.16) 26.65 (8.14) 29.43 (9.82) 6.46 (0.51—12.42)° 0335 0.61(0.05—1.18)" .0338
skinfold

thickness

Total leg fat 30 991 524 36.96 (1.13) 55.18 (5.17) 36.33 (5.47) 36.00 (2.62) —3.19(—5.98t0 —0.41)°  .0246 —0.51(—0.95t0—0.07)°  .0227
percentage

2 Computed as weighted means and weighted standard deviations, taking into account sample size; ® Indicates significance at the P<.05 level.
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SUPPLEMENTARY TABLE 7
Output for longitudinal studies
Estimate, eeee

Total Mean fat mass, eeee (standard (95% confidence

s a L :
Data element Studies, n sample Mean age, y (standard deviation) deviation) interval)
name (samples) size, n Premenopausal Postmenopausal Premenopausal Postmenopausal Unstandardized Pvalue  Standardized P value
Body mass 8 (10) 2355 46.67 (2.53) 52.80 (3.71) 24.30 (1.97) 25.03 (2.37) 0.93 (0.26—1.59)" .0061 0.21 (0.07—0.35)" .0036
index
Bodyweight 7(7) 525 47.64 (3.06) 55.76 (5.08) 66.11 (3.89) 69.19 (3.71) 2.99 (1.36—4.63)" 0003 0.39 (0.12—0.66)° .0049
Total body fat 4(4) 176 49.59 (1.24) 55.49 (3.65) 36.29 (4.88) 37.84 (3.33) 2.18 (0.21—4.16)° 0299  0.28(0.13—0.42)° .0001
percentage
Waist 303 915 46.99 (2.04) 52.73 (5.17) 80.79 (3.62) 84.06 (2.61) 3.82 (0.87—6.77)" 0111 0.38 (—0.07—0.84) .1004
circumference
Subcutaneous 3(3) 133 49.65 (1.61) 53.51 (1.64) 215.14 (66.15) 242.28 (77.34) 18.53 (—3.64—40.69) 1014 0.52 (—0.31-1.35) .2168
abdominal fat
Visceral fat 303 133 49.65 (1.61) 53.51 (1.64) 78.63 (14.45) 92.23 (12.77) 12.95 (8.65—17.25)" <.0001 0.49 (—0.03—1.01) .0629

@ Computed as weighted means and weighted standard deviations, taking into account sample size; ® |ndicates significance at the P<.05 level.
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