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Ultrasonographic abdominal adipose tissue thickness
for the prediction of gestational diabetes mellitus:

A meta-analysis

Shuhong Hou ®1%, Xiaoqing Xiao ®!#, and Dongping Chen ®2*

Obesity has been linked to the risk of gestational diabetes mellitus (GDM). The meta-analysis aimed to assess the predictive role of
ultrasonographic measurements of the abdominal adipose tissue thickness for GDM in pregnant women. Cohort studies evaluating the
association between abdominal subcutaneous and/or visceral adipose thickness (SAT and/or VAT) and subsequent risk of GDM were
retrieved from PubMed, Embase, and Web of Science databases. Only studies with SAT/VAT measured before the diagnosis of GDM
were included. Random-effect models incorporating the influence of potential heterogeneity were used to pool the results. A total of
13 studies involving 5616 pregnant women were included. Pooled results showed that both a high abdominal SAT (odds ratio [OR] for
per 1-cm increment: 1.23, 95% confidence interval [Cl]: 1.07-1.41, P = 0.003, 12 =13%; OR for high vs low category: 3.42,95% Cl:
2.31-5.07, P < 0.001, ” = 0%) and VAT (OR for per 1-cm increment: 1.54, 95% Cl: 1.16-2.06, P = 0.003, 12 = 63%; OR for high vs low
category: 5.73,95% Cl: 3.39-9.77, P < 0.001, > = 31%) at early stages of pregnancy were associated with a higher subsequent risk of
GDM. Subgroup analysis based on study design, timing of ultrasound examination, GDM diagnostic criteria, and study quality score
showed consistent results. In conclusion, ultrasound-measured abdominal adipose tissue thickness may be useful for predicting the

subsequent risk of GDM in pregnant women.

Keywords: Abdominal obesity, subcutaneous adipose thickness (SAT), visceral adipose thickness (VAT), gestational diabetes

mellitus (GDM), meta-analysis.

Introduction

Gestational diabetes mellitus (GDM) is a common comorbidity
in pregnant women, with reported prevalence rates ranging
from 2% to 38% within the observed population [1-3]. GDM
is characterized by the presence of hyperglycemia detected
during routine testing conducted between 24 and 28 weeks
of pregnancy, failing to meet the diagnostic criteria for dia-
betes in pregnancy either during or prior to the commence-
ment of pregnancy [4,5]. From a clinical perspective, GDM
significantly elevates the likelihood of maternal hyperten-
sion, pregnancy-related hypertensive disorders, eclampsia,
and preeclampsia [6,7]. Furthermore, the incidence of birth
trauma, operative deliveries, neonatal respiratory complica-
tions, neonatal hypoglycemia, and macrosomia is also height-
ened by the presence of GDM [7, 8]. Additionally, GDM exerts
enduring detrimental effects on both mothers and offspring,
raising the risk for type 2 diabetes and various metabolic
and cardiovascular abnormalities [1, 9, 10]. Consequently, the
timely identification of pregnant women at an increased risk for
GDM is of utmost significance.
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A growing body of evidence suggests that maternal obe-
sity, particularly abdominal obesity, constitutes a noteworthy
risk factor for the development of GDM [11]. Subcutaneous
and/or visceral adipose thickness (SAT and/or VAT) in the
abdominal region, measured using ultrasound, has recently
emerged as a reliable marker of abdominal obesity [12, 13]. This
method is preferred due to its non-invasive nature, afford-
ability, and ease of execution, particularly during the first-
and second-trimester anomaly screening [14]. However, the
potential correlation between ultrasound-measured SAT/VAT
in early pregnancy and the subsequent risk of GDM has not
been fully determined [15]. Consequently, we conducted a
meta-analysis to synthesize the potential predictive effective-
ness of ultrasound-measured abdominal adipose thickness for
the risk of GDM in pregnant women.

Materials and methods
Throughout the process of planning, conducting, and report-
ing the study, the Preferred Reporting Items for Systematic
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Reviews and Meta-Analyses (PRISMA) statement [16] and
Cochrane Handbook [17] were followed.

Search of databases

We conducted searches in electronic databases, including
PubMed, Embase, and Web of Science from their inception to
July 28, 2023, to identify studies published up to that date.
The search was performed by utilizing terms such as (1) “ultra-
sound” OR “ultrasonic” OR “ultrasonographic” OR “ultrasonog-
raphy”; (2) “adipose tissue”; and (3) “gestational diabetes” OR
“GDM” OR “gestational” OR “pregnancy” OR “pregnant” AND
“diabetes” OR “diabetic” OR “hyperglycemia.” We restricted our
inclusion to human studies published in English as full-length
articles in peer-reviewed journals. As part of our manual
screening process, references from relevant original and review
articles were screened for possible relevant studies.

Inclusion and exclusion criteria of studies

Inclusion criteria were developed in accordance with Popula-
tion, Interventions, Comparators, Outcomes, and Study (PICOS)
recommendations and tailored to the aim of the meta-analysis.

P (Patients): Pregnant women with no previous histories of
diabetes who were not diagnosed with GDM at the baseline of
the study.

I (Exposure): Early pregnancy measurement of abdomi-
nal adipose thickness, including SAT and/or VAT, before the
screening for GDM. A high SAT/VAT was considered as expo-
sure. Definitions and thresholds for high SAT/VAT were con-
sistent with those of the original studies.

C (Control): Pregnant women with a low SAT/VAT.

O (Outcomes): Incidence of GDM comparing women with
high vslow ultrasound-measured abdominal adipose thickness.

S (Study design): The analysis was restricted to cohort stud-
ies which included both prospective and retrospective research.

Exclusion criteria were reviews, editorials, studies
not involving pregnant women, studies not assessing
ultrasound-measured abdominal adipose thickness, studies not
measuring SAT/VAT prior to the diagnosis of GDM, or studies
failing to report the outcome of GDM. In cases where patient
populations overlapped between studies, the study with the
largest sample size was included in the meta-analysis.

Data extraction and quality evaluation

Literature searches, data collection, and study quality assess-
ments were carried out independently by two authors. In case
of discrepancies, the corresponding author was consulted to
discuss and reach a consensus. Among the studies included
in the analysis, we collected details on study information and
design characteristics, the mean age and body mass index (BMI)
of the participating pregnant women, the gestational age (GA)
for the ultrasonic measuring of abdominal SAT/VAT, meth-
ods for analyzing SAT/VAT (as continuous or categorical vari-
ables), diagnostic criteria for GDM, the number of women who
subsequently developed GDM and the variables adjusted for
when evaluating the association between SAT/VAT and the risk
of GDM. In terms of quality, the study was scored using the
Newcastle-Ottawa Scale (NOS) [18] based on the criteria for
participant selection, the comparability of the groups, and the
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validity of the outcomes. The total score ranges from 1 to 9, with
a higher score indicating superior study quality.

Ethical statement

Ethical approval was not required for this study in accordance
with local/national guidelines. Written informed consent to
participate in the study was not required in accordance with
local/national guidelines.

Statistical analysis

Odds ratios (ORs) and corresponding 95% confidence inter-
vals (CIs) were used as variables to indicate the association
between ultrasound-measured abdominal SAT/VAT and the
risk of GDM. ORs per 1-cm increment of SAT/VAT were com-
bined for studies where SAT/VAT was treated as the contin-
uous variable. For studies analyzing SAT/VAT as a categorical
variable, ORs comparing the incidence of GDM in women with
the highest vs the lowest SAT/VAT categories were pooled. A
logarithmical transformation was performed on the risk ratio
(RR) measurement and its corresponding standard error (SE)
from each study to stabilize and normalize its variance [17]. In
order to estimate between-study heterogeneity, the Cochrane
Q test and the I? statistic [17] were utilized. An I> >50% is con-
sidered indicative of significant heterogeneity between studies.
A random-effects model was applied for pooling the results, as
this model accounts for potential heterogeneity [17]. To evaluate
how individual studies affected meta-analysis results, sensitiv-
ity analyses excluding one dataset ata time [17] were performed.
Subgroup analyses were carried out according to study design,
GA of ultrasound examination, GDM diagnostic criteria, and
study quality scores to determine the influence of the study
characteristics on the outcome. Publication bias was assessed
using the funnel plot to visually inspect the symmetry, along
with Egger’s regression asymmetry test [19]. The statistical
analyses were carried out with RevMan (version 5.1; Cochrane
Collaboration, Oxford, U.K.) and Stata software (version 12.0;
Stata Corporation, College Station, TX, USA).

Results

Database search and study retrieval

Figurel shows the process of literature search and study
retrieval. Initially, 372 records were obtained from the database
and 89 duplicates were subsequently removed. A further
249 studies were excluded based on the title and abstract
screening, as they did not fit the meta-analysis’ objectives. Fol-
lowing full-text reviews of 34 studies, 21 were excluded for the
reasons listed in Figure 1. Accordingly, 13 studies were obtained
for subsequent meta-analysis [20-32].

Study characteristics

The characteristics of the included studies are summarized
in Table 1. Published between 2012 and 2022, these studies
were conducted in Australia, Korea, the United States, the
United Kingdom, Italy, Brazil, Ireland, Turkey, and India. As
for the study design, nine of them were prospective cohort
studies [21, 22, 24-30], and four of them were retrospective
cohort studies [20, 23, 31, 32]. A total of 5616 pregnant women

www.biomolbiomed.com


http://www.biomolbiomed.com
http://www.biomolbiomed.com

Biomolecules
& Biomedicine

[ Identification of studies via databases and registers ]
SR
£
= Records removed before
o Records identified from: screening:
= Databases (n = 372) Duplicate records removed
= (n=89)
i)
—/
h 4
Records excluded (n = 249)
Refords screened » ® Reviews or editorials
(n=283) ®  Meta-analysis
®  Irrelevant studies
h 4
Report ht f trieval
> (n95034§ SRR ETIRe »| Reports not retrieved (n = 0)
=
@
o
: I
(7]
Reports assessed for eligibility » Reports excluded (n = 21)
(n=34) ®  Abdominal SAT or VAT not
measured (n = 9)
®  Outcome of GDM not
reported (n = 5)
®  Abdominal SAT or VAT not
measured before the
e diagnosis of GDM (n = 4)
®  Outcome data not available
b (n=2)
T Studies included in review ®  Overlapped patient
© (n=13) population (n = 1)
o

Figure 1.
diabetes mellitus.

were included in the meta-analysis. The sample sizes ranged
from 83 to 1510. The mean ages of the included patients were
26-33 years, and the mean BMI ranged from 22 to 28 kg/m?.
All studies conducted ultrasonic measurements for abdominal
SAT/VAT within a GA of 9-22 weeks before GDM screening,
with 9 of the included studies performing ultrasonic examina-
tions before 14 weeks of GA [21-23, 26-29, 31, 32]. Parameters
of abdominal SAT were reported and evaluated as a contin-
uous variable in five studies [20, 22, 25, 27, 29], and as a cat-
egorical variable in six studies [21, 23, 24, 30-32]; abdominal
SAT were reported and evaluated as a continuous variable in
four studies [25-27, 29], and as a categorical variable in seven
studies [21, 24, 25, 28, 30-32]. The diagnosis of GDM was based
on the International Association of Diabetes and Pregnancy
Study Groups (IADPSG) criteria in nine studies [21, 25-32], the
American College of Obstetricians and Gynecologists criteria in
one study [23], the American Diabetes Association criteria in
one study [24], and according to the diagnosis of the medical
records in two studies [20, 22]. Variables, including maternal
age and BMI, were adjusted in all of the included studies when
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Flowchart of database search and study inclusion. SAT: Subcutaneous adipose thickness; VAT: Visceral adipose thickness; GDM: Gestational

the association between abdominal SAT/VAT and GDM was
reported, while other potential confounding factors such as par-
ity and family history of diabetes were also adjusted to a varying
degree among the included studies. The quality scores were
between seven and nine stars for the included studies, indicat-
ing the good quality of the aforementioned studies (Table 2).

Meta-analysis of the association between abdominal SAT and
risk of GDM

Pooled results from five studies [20,22,25,27,29] and six
studies [21, 23, 24, 30-32] showed that a high abdominal SAT
at early pregnancy was associated with a higher subsequent
risk of GDM in pregnant women. This association was found
when SAT was analyzed as a continuous variable (OR for per
1-cm increment of SAT: 1.23, 95% CI: 1.07-1.41, P = 0.003,
P =13%; Figure 2A) and categorical variable (OR for high vs low
category of SAT: 3.42, 95% CI: 2.31-5.07, P < 0.001, I = 0%;
Figure 2B). Sensitivity analysis, by excluding one study at a
time, showed consistent results (OR for SAT as a continuous
variable: 1.18-1.32, all P < 0.05; OR for SAT as a categorical
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Table 2. Quality evaluation of the included studies via the Newcastle-Ottawa scale

Representa-  Selection of Controlled Adequacy

tiveness of  the Ascertain- Outcome Controlled for other Sufficient of

the exposed non-exposed ment of not present  for age confounding Assessment follow-up follow-up
Study cohort cohort exposure atbaseline andsex  factors of outcome term of cohorts  Total
Suresh, 2012 0 1 1 1 1 1 0 1 1 7
Kennedy, 2016 1 1 1 1 1 1 0 1 1 8
De Souza, 2016 1 1 1 1 1 1 1 1 1 9
Yang, 2017 0 1 1 1 1 1 1 1 1 8
Nassr, 2018 1 1 1 1 1 1 1 1 1 9
Thaware, 2019 1 1 1 1 1 1 1 1 1 9
D’Ambrosi, 2020 1 1 1 1 1 1 1 1 1 9
Rocha, 2020 1 1 1 1 1 1 1 1 1 9
Alves, 2020 1 1 1 1 1 1 1 1 1 9
Cremona, 2021 1 1 1 1 1 1 1 1 1 9
Aydin, 2021 1 1 1 1 1 1 1 1 1 9
Tunc, 2022 0 1 1 1 1 1 1 1 1 8
Gupta, 2022 0 1 0 1 1 1 1 1 1 7

variable: 2.98-4.12, all P < 0.05). Subgroup analyses, taking
into account study design (prospective or retrospective), the
timing of SAT measurement (11-14 weeks of GA or others), diag-
nostic criteria for GDM (IADPSG or others), and study quality
score (NOS 7-8 or 9) showed similar results (all P for subgroup
difference > 0.05; Table 3).

Meta-analysis of the association between abdominal VAT and
risk of GDM

Results of meta-analysis incorporating four studies [25-27, 29]
revealed that a high abdominal VAT, when assessed as a con-
tinuous variable, is associated with an increased risk of GDM
(OR for per 1-cm increment of VAT: 1.54, 95% Cl: 1.16-2.06,
P = 0.003, I = 63%; Figure 2C). Sensitivity analysis by exclud-
ing one study at a time showed similar results (OR: 1.35-1.70, all
P < 0.05). Given that the four included studies were prospective
in nature, with GDM diagnosed according to the IADPSG cri-
teria, and scored an NOS of 9, subgroup analysis was confined
to the timing of VAT measurement. The outcomes remained
consistent in studies with VAT measured in 11-14 weeks of GA
and those measuring after 14 weeks of GA (Table 3).

Seven studies [21, 24, 25, 28, 30-32] reported the association
between abdominal VAT as a categorical variable and subse-
quent risk of GDM. One study reported two datasets, one for
obese and one for non-obese women separately [28]; these
datasets were included independently in the analysis. Pooled
results showed that a high abdominal VAT as a categorical vari-
able was associated with an increased risk of GDM (OR for high
vs low category: 5.73, 95% CI: 3.39-9.77, P < 0.001, I? = 31%;
Figure 2D). Sensitivity analysis by omitting one dataset at a
time showed similar results (OR: 4.37-6.90, all P < 0.05). Sub-
group analyses according to study design, timing of VAT mea-
surement diagnostic criteria for GDM, and study quality score
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showed similar results (all P for subgroup difference > 0.05;
Table 3).

Publication bias

The funnel plots for the meta-analyses of the association
between ultrasound-measured abdominal SAT/VAT in early
pregnancy and the subsequent risk of GDM are shown in
Figure 3A-3D. The plots are symmetrical based on visual
examination, suggesting that publication biases may not be
significant. Additionally, Egger’s regression tests could not be
conducted due to the limited number of datasets, with only four
to eight datasets available for each outcome.

Discussion

A systematic review and meta-analysis were performed in this
study, which incorporated findings from 13 observational stud-
ies. The outcomes indicated that pregnant women with elevated
abdominal SAT and VAT, as measured through ultrasound dur-
ing the first or second trimester, were more likely to develop
GDM. These findings remained consistent across studies that
examined SAT and VAT as both continuous and categorical
variables. Additionally, sensitivity analyses, which involved
the exclusion of one dataset at a time, further supported the
robustness of the results. Furthermore, subgroup analyses indi-
cated that the correlation between abdominal adipose thick-
ness and the likelihood of GDM was not significantly impacted
by various study characteristics, including study design, tim-
ing of ultrasound examination, diagnostic criteria for GDM,
and different study quality scores. In general, the findings
of this study provide evidence supporting the utilization of
ultrasound-measured SAT and VAT in early pregnancy as a
predictive tool for the subsequent risk of GDM in expectant
mothers.
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Table 3. Subgroup analyses for the association abdominal SAT/VAT and the risk of GDM

Study Abdominal SAT as continuous variable Abdominal SAT as categorical variable
characteristics Datasets OR (95% Cl) 12 P for P for Datasets OR (95% Cl) 2 Pfor P for
number subgroup subgroup  number subgroup subgroup
effect difference effect difference
Study design
PC 1.32 (1.05, 1.65) 16%  0.02 3 2.76 (1.53, 4.98) 0% <0.001
RC 1 117(1.02,1.34) — 0.02 0.37 3 4.07 (2.40, 6.89) 0% <0.001 0.34
Timing of measurement
11~14 weeks of GA 3 138(1.12,1.70) 0%  0.002 3 2.39(1.31,4.35) 0% 0.005
Others 2 1.16 (1.01, 1.32) 0% 0.03 0.16 3 4.48(2.67,7.53) 0% <0.001 0.12
Diagnosis of GDM
IADPSG criteria 3 123(0.88,172) 25% 0.23 2 3.76 (1.73,8.17) 0% <0.001
Others 2 1.26 (1.01, 1.58) 48% 0.04 0.89 4 3.32(2.10,5.23) 0% <0.001 0.78
NOS
7~8 2 1.26 (1.01, 1.58) 48% 0.04 3 4.07 (2.40, 6.89) 0% <0.001
9 3 1.23(0.88,1.72)  25% 0.23 0.89 3 2.76 (1.53, 4.98) 0% <0.001 0.34
Study Abdominal VAT as continuous variable Abdominal VAT as categorical variable
characteristics Datasets OR (95% Cl) ? P for P for Datasets OR (95% Cl) 2 Ppfor P for
number subgroup subgroup  number subgroup subgroup
effect difference effect difference
Study design
PC 4 154 (1.16,2.06)  63%  0.003 6 4.74(2.76, 8.16) 0% <0.001
RC 0 — — — — 2 10.20(1.28,81.36) 85% 0.03 0.48
Timing of measurement
11~14 weeks of GA 3 1.49(1.04,2.13) 75% 0.03 5 6.45(2.93,14.20)  53% <0.001
Others 1 176 (1.01,3.07) — 0.04 0.62 3 5.34(2.39,11.95) 0% <0.001 0.74
Diagnosis of GDM
IADPSG criteria 4 1.54 (1.16, 2.06) 63% 0.003 7 6.54 (3.55,12.08) 37% <0.001
Others 0 — — — — 1 3.32(1.06,10.41) — 0.04 0.31
NOS
7~8 0 — — — 3 6.15(2.22,17.05)  73% <0.001
9 4 1.54 (1.16, 2.06) 63% 0.003 — 5 6.04(2.96,12.32) 0% <0.001 0.74

GDM: Gestational diabetes mellitus; GA: Gestational age; VAT: Visceral adipose thickness; IADPSG: International Association of Diabetes and Pregnancy
Study Groups; PC: Prospective cohort; RC: Retrospective cohort; NOS: Newcastle-Ottawa scale; OR: Odds ratio; Cl: Confidence interval; SAT: Subcutaneous

adipose thickness.

To the best of our knowledge, there are limited
meta-analyses that have examined the correlation between
ultrasound-measured abdominal SAT and VAT with the risk
of GDM in pregnant women. A recent meta-analysis conducted
in 2021 included seven studies published up until 2020, which
investigated the association between visceral adiposity and
GDM. The findings of this meta-analysis indicated that the
presence of the visceral adiposity phenotype was linked to a sig-
nificantly higher risk of GDM (OR: 3.25, 95% CI: 2.01-5.26) [11].
However, it is important to note that this meta-analysis
utilized a combination of parameters to assess visceral adi-
posity, including the visceral adiposity index, abdominal SAT,
abdominal VAT, and pre-peritoneal fat measurement, making
the interpretation of the results difficult [11]. In comparison
with the preceding meta-analysis, the present study exhibits
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numerous methodological advantages. Firstly, acomprehensive
exploration of the literature was conducted across three widely
utilized electronic databases, yielding 13 contemporary studies
that align with the objective of the meta-analysis. Secondly,
all the incorporated studies were cohort studies, wherein the
measurement of abdominal SAT/VAT occurred prior to GDM
screening. Consequently, the findings furnish substantiation
that elevated abdominal SAT/VAT during early pregnancy
could potentially serve as a predictive indicator for subsequent
GDM risk. Thirdly, meta-analyses were conducted indepen-
dently using ultrasound measurements of SAT and VAT, both
as continuous and categorical variables. The consistency of
the findings further supports the robustness of the results.
Furthermore, all included studies employed multivariate
analyses to assess the association between SAT/VAT and GDM,
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Odds Ratio Odds Ratio
A Study or Subgrou log[Odds Ratio SE Weight 1V, Random, 95% CI IV, Random, 95% CI
Suresh 2012 0.15700375 0.06960892 57.0% 1.17 [1.02, 1.34] L
Kennedy 2016 0.39877612 0.15989084 16.7% 1.49 [1.09, 2.04] -
Thaware 2019 -0.13926207 0.32745924 4.4% 0.87 [0.46, 1.65] - =
D' Ambrosi 2020 0.19885086 0.15025687 18.6% 1.22[0.91, 1.64] ™
Aydin 2021 0.67803354 0.38031839 3.3% 1.97 [0.93, 4.15] T
Total (95% CI) 100.0% 1.23 [1.07, 1.41] L 4
Heterogeneity: Tau? = 0.00; Chi? = 4.58, df =4 (P = 0.33); I>=13% 0=2 0=5 1 é é
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Figure 2.

Forest plots for the meta-analyses regarding the association between ultrasound-measured abdominal SAT/VAT and the subsequent risk

of GDM in pregnant women. (A) SAT analyzed as continuous variable; (B) SAT analyzed as categorical variable; (C) VAT analyzed as continuous variable;
(D) VAT analyzed as categorical variable. SAT: Subcutaneous adipose thickness; VAT: Visceral adipose thickness; GDM: Gestational diabetes mellitus;

SE: Standard error; Cl: Confidence interval.

indicating that this association is unlikely to be affected by
confounding factors, such as maternal age and BMI. This is
particularly significant as both advanced maternal age [33]
and high BMI [34] have been linked to an increased risk
of GDM.

The conventional parameters that are used to define
obesity may possess certain limitations, particularly when
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applied to pregnant women. While BMI is the commonly
utilized measure for obesity, it fails to accurately reflect
changes in body composition, particularly during pregnancy.
Conversely, the findings of the meta-analysis indicate that
a high ultrasound-measured abdominal SAT/VAT continues
to be a significant predictor for GDM, even after accounting
for maternal BMI. This suggests that visceral adiposity holds
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Figure 3. Funnel plots for the publication bias underlying the meta-analysis regarding the association between ultrasound-measured abdominal

SAT/VAT and the subsequent risk of GDM in pregnant women. (A) SAT analyzed as continuous variable; (B) SAT analyzed as categorical variable; (C) VAT
analyzed as continuous variable; (D) VAT analyzed as categorical variable. SAT: Subcutaneous adipose thickness; VAT: Visceral adipose thickness; GDM:

Gestational diabetes mellitus; SE: Standard error; OR: Odds ratio.

additional value in predicting the occurrence of GDM. Waist cir-
cumference (WC) is a more accurate indicator of central adipos-
ity and is linked to obesity-related comorbidities. However, it
does not differentiate between SAT and VAT, and its reliability
is limited during pregnancy due to changes in the abdom-
inal compartment caused by uterine growth. Furthermore,
advanced imaging techniques, such as bioelectrical impedance,
dual-energy X-ray absorptiometry, and computerized tomog-
raphy (CT), are considered the gold standard for precisely
measuring visceral fat thickness in the general population.
Nevertheless, these techniques are costly and cannot be utilized
during pregnancy due to alterations in body water redistribu-
tion and potential fetus risks of radiation exposure. In com-
parison to alternative methodologies, ultrasound-measured
SAT and VAT exhibit non-invasive attributes, affordability,
and simplicity in execution. These measurements have been
validated to correlate with parameters obtained through CT and
demonstrate favorable inter-observer coefficients of reliability,
as well as exceptional reproducibility and repeatability [25].
Consequently, these practical parameters hold promise for
predicting the risk of GDM among pregnant women during
early pregnancy.

This study has several limitations. First, number of the avail-
able studies included in each outcome of the meta-analysis is
limited. The results of the meta-analysis should be validated in

Houetal.
Abdominal adipose tissue and gestational diabetes

705

large-scale prospective studies. Moreover, the optimal cut-off
values of ultrasound-measured SAT and VAT for predicting the
risk of GDM remain to be determined. In addition, only stud-
ies published in English were included in this meta-analysis,
potentially leading to publication bias. Besides ultrasound
parameters for adiposity, other non-invasive predictors for
GDM, such as serum cytokines like placental growth factor
have been proposed [35]. Comparative effectiveness between
abdominal SAT/VAT vs these serum cytokines for the predic-
tion of GDM should be determined in future studies. Finally,
given that this is a meta-analysis of observational studies,
a causative relationship between a high abdominal SAT/-
VAT and the development of GDM could not be derived. It
would be interesting to determine if reducing the abdominal
adipose thickness through diet and exercise in early preg-
nancy could reduce the subsequent risk of GDM in pregnant
women.

Conclusion

To sum up, the results of the systematic review and
meta-analysis indicate that ultrasound-measured abdominal
adipose tissue thickness could serve as a useful predictor
for the subsequent risk of GDM in pregnant women, which
is independent of the maternal BMI. Although large-scale
prospective studies should be performed to validate the
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findings, these results support the use of ultrasound-measured
SAT/VAT in early pregnancy to assess the subsequent risk of
GDM in expecting mothers.
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