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Abstract: The increasing prevalence of gestational diabetes mellitus (GDM) requires non-invasive and
precise techniques for evaluating the predisposing risk factors such as visceral adipose tissue (VAT)
and subcutaneous adipose tissue (SAT). According to PRISMA, we developed a systematic review
and searched after “visceral adipose tissue AND gestational diabetes” and identified 221 articles on
the MEDLINE and Word of Science databases. After assessing them for inclusion criteria and two
researchers screened them, 11 relevant articles were included. Although evidence is conflicting, more
studies favor using US-determined VAT in GDM prediction. VAT may be more valuable than body
mass index or SAT in predicting GDM. VAT can represent an additive factor to the prediction tool
of the risk of developing GDM when used in conjunction with other anthropometric or biological
parameters or maternal risk factors. US measurements are heterogeneous given different evaluation
techniques, cut-off values and inter-operator variation. A significant limitation is the lack of a gold
standard to identify GDM confidently. Pregnant women may benefit from early monitoring and
preventive care if classified as high risk for GDM early in the gestational period. US-measured VAT
during the first trimester of pregnancy seems a valuable and inexpensive screening approach to
predict GDM development later in pregnancy, either by itself or if used in conjunction with other
clinical and biological parameters.

Keywords: gestational diabetes mellitus; adipose tissue depth; pregnancy; ultrasound

1. Introduction

Gestational Diabetes Mellitus (GDM) complicates 16% of pregnancies, with its preva-
lence worldwide ranging between 2-38%, while the prevalence reported in the United
States was 7.8% in 2020, with a generally positive trend [1-3]. GDM is defined by The Amer-
ican Diabetes Association (ADA) as diabetes diagnosed in the second or third trimester of
pregnancy that was not clearly overt diabetes prior to gestation [4].

Although several approaches to GDM screening and diagnostic criteria have been
proposed over the years, there has yet to be a universally accepted standard
procedure [4-6], all methods having their limits and advantages. The consensus statement
from the International Association of Diabetes and Pregnancy Study Groups (IADPSG)
suggests using the 75 g oral OGTT as both the screening and the confirmatory test at
24 to 28 weeks of gestation among all pregnant women not previously diagnosed with
DM by random or fasting plasma glucose testing at the first antenatal visit. The blood
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glucose cut-off levels used by the IADPSG criteria were arbitrarily designated as those that
increase the risk of DM-induced adverse pregnancy outcomes by a 1.75-fold, rather than
endpoints such as prediction of subsequent maternal DM [6]. Using the IADPSG criteria,
GDM prevalence has significantly increased [4,5] in parallel with the obesity epidemic and
older maternal age [4,7,8]. IADPSG, ADA, World Health Organization (WHO) and other
societies also support screening for early abnormal glucose metabolism at the first antenatal
visit using standard criteria, especially in women with risk factors for GDM or those who
did not benefit from a DM screening prior to pregnancy, although there is no consensus on
the optimal diagnostic and therapeutic management for this group [4,9,10].

The most important risk factors are represented by a family history of diabetes mellitus
(DM), especially when present at a first-degree relative, maternal age >35 years, body mass
index (BMI) >30 kg/m?, history of impaired glucose tolerance (IGT), impaired fasting
glucose (IFG) or Alc haemoglobin >5.7%, personal history of a prior birth of a more than
4000 g infant or personal history of GDM in a precedent pregnancy, conditions associated
with insulin resistance (IR) (e.g., polycystic ovary syndrome), certain groups (Alaska
natives, Hispanic Americans, South or East Asians and Native Americans) [11-16]. GDM
is a complex disorder as it affects both the mother by increasing the risk of preeclampsia,
birth injuries, cesarean delivery rates, the risk of further developing type 2 DM (T2DM)
within five years after birth, and the fetus by an increment of the risk of developing
neonatal hypoglycemia, hyperbilirubinemia, polycythemia, hypocalcemia, macrosomia
rate or newborn birth trauma or perinatal mortality [9,17,18]. In addition, GDM is a risk
factor for adverse pregnancy outcomes as well as it is described in Rheumatoid Arthritis
pregnancies [19,20].

As the incidence of GDM is exponentially rising, there is a need to identify pregnant
women at risk of developing GDM. In this direction, there is constant research to establish
early markers for further development of GDM to offer nutritional counseling and optimum
care to prevent or reduce the maternal-fetal effects of GDM. There are described clinical
parameters, biological markers and ultrasonographic (US) measurements to predict GDM.
Clinical parameters are represented by high BMI and waist-to-hip ratio (WHR). A meta-
analysis published in 2008 by Torloni et al. concluded that the pre-pregnancy BMI is
linearly associated with the risk of developing GDM, as underweight women presented
an odds ratio (OR) of 0.75 (95% confidence interval (CI) 0.69 to 0.82), overweight patients
presented an OR of 1.97 (95% CI 1.77-2.19), while patients with morbid obesity had an OR of
5.55 (95% CI 4.27-7.21). Another impressive finding by Torloni et al. was that every 1 kg/m?
added to the initial BMI augmented the risk of GDM by 0.92% (95% C1 0.73-1.1) [21]. WHR
represents a clinical measurement, appearing to be a promising method of predicting the
risk of developing GDM among pregnant patients; the usefulness of WHR in pregnant
women is currently debated, being necessary more studies in this direction, as the present
evidence is controversial [22-24].

Although BMI is the conventional measure used to define obesity, it has some lim-
itations, mainly driven by its inability to reflect body composition, especially during
pregnancy. Waist circumference (WC) better depicts central adiposity and is associated
with obesity-related comorbidities but does not distinguish between subcutaneous adipose
tissue (SAT) and visceral adipose tissue (VAT) and has limited accuracy in pregnancy as
uterine growth alters the abdominal compartment. In addition, precise imagistic techniques
such as bioelectrical impedance (BEI), dual-energy X-ray absorptiometry and computerized
tomography (CT)-described as the gold standard, widely used in the general population to
measure visceral fat thickness precisely, are expensive and cannot be used in pregnancy
given the redistribution of body water and the exposure of the fetus to radiation [25-27].

US measurement of the VAT and SAT thickness in the first or second trimester has
gained popularity lately as it is non-invasive, inexpensive and easy to perform, especially
during the first and second-trimester anomaly screening. In addition, it has the advantage
of being a validated technique, with a strong correlation with CT-measured VAT, excellent
inter-observer coefficients of reliability, excellent reproducibility and repeatability [27-29],
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but there are different opinions about its predictive ability of GDM in the current
literature [29-31]. As there is no consensus concerning the role of VAT and SAT mea-
surements, we conducted a systematic literature review and evaluated studies including
SAT and VAT as potential predictors for developing GDM.

2. Materials and Methods

We developed an easily reproducible protocol for our study following the recommen-
dations of Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA)
for the systematic review protocol checklist, registered with CRD42023389055 number.
Furthermore, we used the Population, Intervention, Comparison, Outcome and Study
Design (PICOS) strategy to guide our study rationale and to make a clear, useful and
systematic literature search. First, we searched using the following criterion: “adipose
visceral tissue AND gestational diabetes” and identified 221 articles (115 on the MEDLINE
database and 106 on the Web of Science database, respectively), until 28 February 2023.
We also performed a manual search of the references to identify other potentially useful
articles missed by our search strategy. After assessing that the studies are only full-text
original articles published in English, in the last ten years and only on the adult human
population (age over 18 years old), 79 studies were identified. We included studies with
US evaluation of VAT in normoglycemic pregnant women in 1st or 2nd trimester with an
OGTT at 24-28 weeks for GDM diagnosis or dysglycemia. Articles that only assessed SAT,
without data about VAT, were excluded, as well as studies including women with known
DM. Two researchers individually performed the screening in order to find relevant articles
to our theme of interest and if any disagreements occurred in the selection process, they
were settled down by a third reviewer. After bias assessment using the Newcastle-Ottawa
Scale [32], eleven articles were included, as shown in Figure 1.

Studies identified through Pub
Med database searching (n=116)

Studies identified through Web of
Science database searching (n=105)

Identification

Studies excluded (n=142) as other
type than full-text article, published
in the last 10 years, on non-human
subjects, younger than 18 years old;
no data regarding US determined
VAT and association with the risk
for GDM

Studies screened (n=79) >

Screening

v
Full-text articles d
for eligibility (n=15)

Studies excluded (n=4) after bias
assessment using Newcastle-Ottawa
scale

Eligibility

4

Full-text articles included
(n=11)

Inclusion

Figure 1. Flowchart of the study selection process according to PRISMA recommendation.
US—ultrasound; VAT—visceral adipose tissue; GDM—gestational diabetes mellitus. The present
article analyzed data from each article, focusing on the association between US-determined VAT (and
SAT or TAT if available) and risk for GDM development measured as odds ratio (OR), risk ratio (RR),
CI (confidence interval) or p-value depending on the way the study reported its results. We provided
a narrative synthesis, using text and tables in order to describe the summary and explanation of the
study characteristics and findings. If present, further comparison of the prediction power of VAT or
SAT with that of other anthropometric parameters such as BMI, WHR, WC, etc., will be evaluated
and described in Section 4.

3. Results

For a better synthesis and understanding, the results are shown in Tables 1 and 2.
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Table 1. Study main characteristics and evaluated factors.

Author and Year Study Design Country I’le:]tioe(rjlfts Déar gi:Loris;lc AssGe‘s/Z;fent US Techinique GDM Incidence Results Adjusting Factors
prospective Armellini et al increased risk of GDM in relation
Alves et al.,, . <20 GW . g o to VAT in early pregnancy, similar ~ Age and
2020 [7] c:)hc?rt Brazil o18 TADPSG Mean 14.4 GW Zhgl\k/l[tlytmocthfied 87 (16.8%) after adjusting for BMI. OR 2.00, pregestational BMI
say y Vartnetat 95% CI 1.61 to 2.50
57 (19.32%)
D’ Ambrosi et al sinele-center 1st trimester Signifficant association for VAT Eaéex aé;?é’ ftMI at
M & Italy 295 IADPSG 112/7-136/7 GW  Suzuki et al. (n=29) and for 1st and 2nd trimester / .
2020 [29] study nd trimester GDM 12 GW, parity and
(n = 28) family history of DM
planned 61 (5.8%)
sub-cohort study 0/7 0/7 . developed GDM, VAT associated with subsequent
Bourdagesetal, — ¢o ). pe Canada 1048 ACOG 17" to 14 Armellini et al. of which 36 (3.4%)  GDM (AUC 0.65, 95% CI maternal age
2018 [30] . weeks Martin et al. . . N and BMI
prospective insulin-requiring 0.58-0.73)
cohort study GDM.
prospective . Armellini et al., VAT was associated with greater age, parity, years in
ggfgw[;gi etal,  Gbservational poied 50 IADPSO/IVHO 9 18aw slightly modified 15 (19%) GDM risk 2.09 (95% CI1.06-4.12;  education and
study & by Martin et al. p = 0.03) for 1-SD increase pre-pregnancy BMI
Strong association between VAT
Rocha et al rospective ata 45 mm treshold andGDM. maternal age and
2000 [25] lgohoFr’t study Brazil 133 IADPSG <20 GW Armel-lini et al. 8 (13.5%) Crude and aOR for GDM were pre-gravi A
13.4 (95% CI 2.9-61.1) and
8.9 (95% CI1.9-42.2)
The highest quartile of VAT (aOR g:ﬁfiglg} ?agri{ily
. 3.1,95% CI 1.1-9.5) was . ¢
De Souza et al., prospective . 45 (9.27%) (9.3%, L . . history of type 2 DM,
2016 [33] cohort study Canada 485 IADPSG 11-14 GW Martin et al. 95% CI7.0-12.2) ass;[oc1ated fw(;g 1\t/lheI lé:gmpcI)g;e BMI at 11-14 GW and
outcome o ! or change in BMI from

3.4,95% CI; 1.5-8.3 for IFG

11-14 to 24-28 GW
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Author and Year Study Design Country Ple:]t(i)e(r)lfts Dgrgitlzisslc AssGe‘s/Zli)lfent US Techinique GDM Incidence Results Adjusting Factors
FBG > 105 mg/dL
1 h glucose VAT was significantly higher in
>190 dL =
me/ IGT the GDM group (p = 0.04) diastolic BP, TG, FBG,
2 h glucose > VAT in early pregnancy correlated . .
165 me/dL 6 (6.3%) . . insulin level,
Gur et al. prospective " 3h lg S 1 GDM Wlt}ll hypergly;errﬁac,l 1 HOMA-IR, HDL
’ ucose i B S . . , ,
2014 [34] cohort study Turkey 94 5 %n L 4-14 GW Martin et al. 10 (10.2%) dyjl 11119{1dem1a, igh diastolic BP, BMI, WC, age, DM
MS an ) . family history and
_1 value above the 9 (9.5%) VAT was a more sensitive GDM histor
cutoffs = IGT ’ predictor of GDM than WC y
-2 values above the and BML
cutoffs = GDM
maternal age,
50 (10.5%) Maternal hepatic fat and ethnicity, 1st degree
De S tal i DeS tal d 1' ? d th abdominal adiposity (VAT, TAT) relative with
© souzaetal, prospective Canada 476 CDA 11-14 GW © souza etal, eveloped the may independently predict type 2 DM, BMI at
2016 [35] cohort study 2014 composite of IFG, . . .
disglycemia and GDM in 11-14 GW and
IGT or GDM ) .
mid-pregnancy. change in BMI from
11-14 to 24-28 GW
- positive relationship between
Saif Elnasr et al., observational o VAT and HOMA-IR. HOMA-IR, ISI
2021 [36] stady Egypt 83 ADA 11-14 GW Muller et al. 12 (14.45%) GDM  _ negative relationship between and BMI
VAT and insulin Sen.
maternal age, parity,
The most significant risk factor for GW at recrult@ ent'
L FPG, plasma insulin,
the prediction of GDM was VAT
HOMA-IR, HDL,
Tunc et al, bservationalstudy ~ Turk 100 IADPSG 11-14 GW Martin et al 12 (12%) GDM SB% 1o 7.395-149.086, <0 oo1). LPL VLDL TG,
2002 [37] observationalstudy = Turkey artin et al. o 6 Cl=7. .046, p < 0.001). systolic BP

Other signifficant predictors were
SAT, TAT, a pre-gestational
BMI > 30 kg/m?

diastolic BP, BMI,
Pre-gestational-BMI
and body weight
and GWG.
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Table 1. Cont.

No of

Diagnostic

GW of

Author and Year Study Design Country Patients Criteria Assessment US Techinique GDM Incidence Results Adjusting Factors
Guota et al There was a significant association ?}%el,. gizsti;;(znialt?r%e,
vpta et al, cohort study India 190 IADPSG 11-14 GW Muller et al. 98 (51.57%) between SAT, VAT and BMI and yroid sumu ang
2022 [38] hormone, SAT and
occurrence of GDM, p < 0.001
TAT.
GW—gestational week; WHO—World Health Organization; IADPSG—The International Association of Diabetes and Pregnancy Study Groups; ACOG—American College of
Obstetricians and Gynecologists; ADA—American Diabetes Association; CDA—Canadian Diabetes Association; DM—diabetes mellitus; GDM—gestational DM; US—ultrasound;
BMI—body mass index; SD—standard deviation; aOR—adjusted odds ratio; OR—odds ratio; CI—confidence interval; VAT—visceral adipose tissue; SAT—subcutaneous adipose
tissue; TAT—total adipose tissue; FBG—fasting blood glucose; IGT—impaired glucose tolerance; IFG—impaired fasting glucose; WC—waist circumference; TG—triglycerides;
HDL—HDL cholesterol; LDL—LDL cholesterol; VLDL—VLDL cholesterol; MS—metabolic syndrome (diagnosed when three or more risk factors were present, as by the International
Diabetes Federation 2005 criteria: BMI > 30 kg/ m2, TG > 150 mg/dL, HDL > 50 mg/dL, FBG > 100 mg/dL and blood pressure >130/>85 mmHg); ISI—insulin sensitivity index;
GWG—gestational weight gain; BP—blood pressure; WHR—waist/hip ratio.
Table 2. Results of the included studies.
Other US . . e .
Author and Maternal Mean Age VAT Depth (mm SAT Depth Parameters Anthropometric Indices Detailed Results Prediction Power/Special
Year (Years + SD) + SD) (Value/NR) (Mean + SD) Considerations
(Value/NR)
GDM group VAT and FPG (r = 0.179, 95% CI 0.094-0.261; p < 0.001) VAT was more predictive for
544 4 12.7 - Pre-pregnancy VAT and OGTT 1 h glucose (r = 0.238, 95% CI GDM than pre-pregnancy BML
GDM group - ! BMI = 25 k 2 0.154-0.319; p < 0.001) Optimal VAT cut-off for
GDM group =254+ 4.6kg/m . ma 1 I
Alves et al., 275+5.8 63+ 13 NR NR VAT and OGTT 2 h glucose (r = 0.221, 95% CI 0.136 to ~ maximized Youden’s index was
2020 [7] Non-GDM group Non-GDM erou Non-GDM group 0.303; p < 0.001) 5.1 cm, and a 1 cm increase in
26.0+5.7 5 411 group - Pre-pregnancy VAT-GDM—OR 2.00, 95% CI 1.61-2.50, p = 0.001 VAT led to unadjusted OR for

BMI = 24.4 4 4.5 kg/m?

VAT (0.70 95% CI 0.63-0.75) vs. pre-pregnancy BMI
(0.57 95% CI 0.50-0.64) (p < 0.0001)

developing GDM of
1.99 (95% CI1.59-2.46)
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Author and Maternal Mean Age VAT Depth (mm SAT Depth P(:rt:rirezis Anthropometric Indices Detailed Results Prediction Power/Special
Year (Years + SD) + SD) (Value/NR) (Mean + SD) Considerations
(Value/NR)
GDM group
(1st trimester)
-BMI at 12 GW 24.6
(4.8) kg/m?
-GWGat12GW 2.0
GDM group GDM group (Cl;]sjtl\t/iiiizgt};r) (1.1) kg
(1st trimester) (1st trimester) 128 + 65 GDM group In the multivariate analysis,
334143 99 + 44 CDM erou (2nd trimester) VAT p = 0.01 (Multivariate analysis) only VAT was significantly
D’Ambrosietal., GDM group GDM group (2nd tr;:rrnesltger) NR BMI at 12 GW—24.8 BMI p < 0.01 (Univariate analysis) associated with the risk of GDM.
2020 [29] (2nd trimester) (2nd trimester) 111 + 46 - a p e 1st trimester GDM OR = 1.15, 95% CI 1.02-1.29 and No further association was
33.3+4.1 105 £ 53 Nom.CDM (4.8) kg/m 2nd trimester GDM OR = 1.19, 95% CI 1.05-1.34 observed in the
Non-GDM group Non-GDM group -GWGat12GW 1.6 multivariate analysis
33.0 £ 4.3 72 435 N (10)kg
Non-GDM group
-BMI at 12 GW 22.2
(3.9) kg/m?
-GWGat12GW 1.7
1.1) kg
Insulin-requiring GD
} I\Z:ternaelqvtei }i (;1 ;VI In logistic regression, at a
(1.1) kg & i GDM false-positive rate of 10%, the
Insulin-requiring -BMI30.0 (7.4) kg/m2  -SAT (AUC 0.66, 95% CI 0.59-0.73) if;ﬁf;‘_’r“erﬁiforcw were
GDM GDM-—no insulin - VAT (AUC 0.65, 95% CI 0.58-0.73) . o q s 8 ¢ ]
Bourdages etal, 04+ 46 v D eoa -TAT (AUC 0.68, 95% CI 0.61-0.76) 1?; é §9355/°y S:rg 36) for materna
s ; ; - Maternal weight 69. . L. 2 /
2018 [30] 269]331\/;_3“20 insulin NR NR NR (17.9) kg 8 Insulin-requiring GDM 31% (95% CI 16-48) for a
Nc.> GDM -BMI 26.7 (6.7) (kg/m?) -SAT (AUC 0.70, 95% CI 0.61-0.79) BMI >31.6 kg/m? and
289 4 4.1 No CDM - VAT (AUC 0.73, 95% CI 0.65-0.82) 31% (95% CI 16-48) for
: : - TAT (AUC 0.76, 95% CI 0.67-0.84) TAT >61 mm, up to
-Maternal weight 66.7 42% (95% CI 26-59) in a model
(14.0) kg including all 3 measures.
-BMI 24.8 (5.0) kg/m?
Increasing VAT, but not SAT,
VAT VC\;/]aDs Na[ssolc(ia;ed wcilth great?r
o o risk after adjusting for
ggf‘;ﬁ; etal, 43.6+13.1 224 +10.1 NR NR (s(/)xlsr 2.09,95% CI11.06-4.12;p = 0.03) confounding facto]rs. i

(OR 0.62; 95% CI1 0.27-1.44; p = 0.27)

VAT > 42.7 mm had greater Sen
and similar Spe compared with
current NICE criteria for GDM.
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Other US . . e .
Author and Maternal Mean Age VAT Depth (mm SAT Depth Parameters Anthropometric Indices Detailed Results Prediction Power/Special
Year (Years + SD) + SD) (Value/NR) (Mean + SD) Considerations
(Value/NR)
Pre-pregnancy
BMI < 25.0 kg /m?
37.0 £125 VAT 45 mm threshold Significantly different VAT
Rocha et al Pre pregnancy BMI aOR = 8.9 (1.9-42.2) for pre-gravid Obese and means between GDM
M 26 + 6.2 25.0-30.0 kg/m? NR NR NR T ) (VAT =554 + 11.4 mm) and
2020 [25] threshold of 45 mm; aOR = 6.1 (0.7-55.3) for
440 £11.2 Pre-gravid Non-obese and threshold of 45 mm non-GDM
Pre-pregnancy c-gravid Non-obese esholdo (VAT =425 + 11.4 mm).
BMI > 30 kg/m?
53.1 +14.8
SAT (highest quartile)
- Traditional criteria (aOR 1.8, 95% 0.70-4.8)
- CDA criteria
(aOR 1.5, 95% 0.56-4.5)
-IADPSG criteria
(aOR 2.0, 95% 0.95-4.5)
VAT- highest quartile y
- o o 11 The highest quartile of VAT and
De Souza et al., TAT BMI at 11-14 GW - Traditional criteria (aOR 3.1, 95% 1.1-9.5) TAT were each associated with
329 +4.8 41 +17 19+8 > - CDA criteria (aOR 4.2, 95% 1.4-14.2) .
2016 [33] 59 + 21 25.1 +5.1kg/m B the composite outcome (GDM,
-IADPSG criteria
IFG, IGT).
(aOR 3.4, 95% 1.5-8.0)
TAT- highest quartile
- Traditional criteria (aOR 2.7, 95% 1.1-7.8)
-CDA criteria
(aOR 3.0, 95% 1.1-8.9)
-IADPSG criteria
(aOR 3.4, 95% 1.6-7.7)
Normal glucose
Normal metabolism optimal cutoff points predicting
Normal glucose 1ol ) 5 disel .
metabolism Normal glucose glucose -BMI45.1 kg/m isglycemia were
475 metabolism metabolism -WC45.2 cm VAT max VAT max = 19.5 mm
Gur et al., IG.T VAT max = 44.9 SAT min =449 NR IGT p=0.04 (AUC = 0.66, p = 0.043),
2014 [34] 53.9 IGT VAT max=481 IGTSAT -BMI 43.1 kg/m? SAT min WC =103.5cm
GDM GDM min = 48.7 -WC 46.9 cm p=0.06 (AUC = 0.64, p = 0.079), and
434 VAT max = 67.2 GDM SAT GDM BMI = 34.5 (AUC = 0.64,
’ min = 66.7 -BMI 68.1 kg /m? p = 0.069).

-WC 65.3 cm
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Author and Maternal Mean Age VAT Depth (mm SAT Depth P(:rt:rirezis Anthropometric Indices Detailed Results Prediction Power/Special
Year (Years + SD) + SD) (Value/NR) (Value/NR) (Mean + SD) Considerations
B _ -hepatic fat + Q4 of VAT (aOR 6.5,
hepatic fat 21\‘;[\]12? 11 1‘: 1541 95% CI 2.3-18.5 Association was independently
De Souza et al., p R - hepatic fat absent + Q4 of VAT (aOR 2.3, of maternal age, ethnicity, family
329448 NR NR NR - change in BMI from .
2016 [35] TAT NR 11-14 to 24-28 95% CI 1.0-5.4. history of type 2 DM or
GW 2.6+ 158 - hepatic fat + Q4 of TAT (aOR 7.8, maternal BMIL.
’ ’ 95% CI 2.8-21.7)
GDM group
-BMI kg/m?
33.92 +8.16 )
GDM group ~HOMA-IR 0416 + 0,03 DM vsnonGDM:
Saif Elnasr et al 5681)51\/ig3up 18 +5.7 -151079 £0.10 _;/AT P No significant relationshi
aif Elnasr et al., . . } -SAT p =0.451 o significant relationship
2021 [36] 26.8 Non-GDM group ~ hom&PM - NA Non-GDM group “HOMA-IR p = 0.001 between SAT and HOMA-IR.
23+6 %665259 -BMI kg/m? -1SI p = 0.001
‘ ) 23.32 +£1.90
-HOMA-IR
0.254 £ 0.050
-1S10.18 £+ 0.06
GDM group
-BMI
36.17 + 5.36 kg/m?
- Pre-gestational BMI
34.18 £ 5.39 kg/m? GDM prediction:
- Pre-gestational body _ Pre-gestational
GDM group ight 85.5 + 11.33 k s
DM group DM group 2633 + 533 weight 855 £ 1135k BMI > 30 kg/m? (Sen = 75.0% Spe = 78.41%). The mean VAT and TAT were
Tuncetal, 295+6.29 24.75+10.34 - D =200 Kg -BMI in the st trimester (Sen = 75.0%, Spe = 54.55%).  gionifi ioher i
Non-GDM NR significantly higher in the GDM
2022 [37] Non-GDM group Non-GDM group o1 Non-GDM group - VAT > 18 mm (Sen = 75.0%, Spe = 78.18%). group p < 0.001
27.31 £5.38 16.68 + 6.73 17.68 + 4.86 -BMI -SAT > 25 mm (Sen = 66.67%, Spe = 85.450/0).
26.97 -+ 4.89 kg/mz -TAT > 44 mm (Sen = 75.0%, Spe = 81.82%).

- Pre-gestational BMI
25.66 + 4.67 kg /m?

- Pre-gestational body
weight 65.23 4= 12.31 kg

-GWG 441 +3.02kg
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Table 2. Cont.

Author and Maternal Mean Age VAT Depth (mm SAT Depth P(:rt:rirezis Anthropometric Indices Detailed Results Prediction Power/Special
Year (Years + SD) + SD) (Value/NR) (Mean + SD) Considerations
(Value/NR)
Association with GDM
- VAT p <0001 A logistic regression utilizing
-SATp <0.001 age, gestational age, TSH, VAT,
Guptaetal, BMI kg/m? -TAT p < 0.001 4 S~ P
2022 [38] 2324 +2 NR NR TAT 20.67 -BMI p = 0.001 SAT, TAT as predictors was

- Family History of DM, p = 0.012

GDM prevalence increased with VAT, SAT and

TAT increase.

statiscally significant (chi
square = 56.311, df = 8, p = 0.001)

IADPSG—The International Association of Diabetes and Pregnancy Study Groups; NICE-National Institute of Health and Care Excellence; NR—not reported; VAT—visceral adipose
tissue; SAT—subcutaneous adipose tissue; TAT—total adipose tissue; VAD—visceral adipose depth; SD—standard deviation; OR—odds ratio; aOR—adjusted odds ratio; CI—confidence
interval; df-degrees of freedom; DM—diabetes mellitus; GDM—gestational DM; US—ultrasound; BMI—body mass index; WC—waist circumference; WHR—waist/hip ratio;
GWG—Gestational weight gain; GW—gestational weeks; FBG—fasting blood glucose; IGT—impaired glucose tolerance; TSH—thyroid stimulating hormone; Sen—sensitivity;

Spe—specificity.
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For each study, the year of publication, country and number of participants were
reported alongside with parameters such as GW of assessment, type of US technique used,
the GDM incidence and other relevant anthropometric findings were included and reported
in Table 1.

The maternal age, anthropometric parameters, the mean values for VAT, SAT, TAT and
other US-determined parameters if reported alongside with their correlation with GDM
occurrence, disglycemia during pregnancy or other relevant metabolic disturbances were
synthesized in Table 2.

4. Discussion

The use of new tools for early GDM screening combining safety, low cost and high
efficacy can contribute to identifying pregnant women at high risk for glycemic disturbances
and can trigger strategies to achieve metabolic control early during pregnancy as a method
of reducing maternal-fetal risks [23] and a better allocation of financial resources in this
high-risk population [25]. Furthermore, if the US determination of adipose tissue correlates
with other anthropometric indices and can reliably predict GDM from early pregnancy and
allow a skip from OGTT later in low-risk pregnancies has to be further evaluated, given
the high variability for the VAT thresholds. All of the aforementioned studies supported
the utility of US-determined VAT in identifying high-risk pregnancies as greater VAT was
associated to increased risk for GDM or disglycemia later in pregnancy [7,25,28-30,33-39].
Martin et al. first described the association between visceral adiposity in early pregnancy
and glucose intolerance in later pregnancy in 2009. In 62 pregnant women, they observed
that a VAT above the upper quartile value was associated with an increased risk for a
positive glucose challenge test between 24-28 weeks of gestation [40]. Most of the included
studies have shown that US-measured VAT in an earlier pregnancy may predict glucose
intolerance, IR and GDM later in pregnancy and can be correlated with metabolic syndrome
(MetS) features in early pregnancy. A recent comprehensive meta-analysis of Rahnemaei
et al. evaluating the use of body composition indices in the early stages of pregnancy
in predicting GDM also confirmed that VAT and SAT are associated with risk for GDM
(although the values were higher in the GDM group, the difference for SAT was not
statistically significant) as well as other markers such as neck circumference, WC, hip
circumference, WHR, arm circumference and short stature [41]. Another meta-analysis
showed a direct relationship with GDM of indices of general body obesity including VAT,
WC and WHR [42].

Regarding other screening strategies, Thaware et al. showed that US-measured
VAT > 42.7 mm in early pregnancy compared with current UK’s National Institute of
Health and Care Excellence (NICE) criteria—screening at 24-28 gestational weeks only for
women with specified risk factors—had greater sensitivity (Sen) (87% vs. 40%, respectively;
p = 0.02) and similar specificity (Spe) (62% vs. 74%, respectively; p = 0.15) for identifying
GDM and, as the authors mentioned, it could reduce by half the number of pregnant
women requiring an OGTT screening as per NICE criteria [28].

4.1. Used Techniques

Several methods of US measurement of adipose tissue have been proposed. For
instance, Rocha et al., Bourdages et al. and Alves et al. used the technique by Armellini
et al. with or without slight modifications as described by Martin et al.: VAT was measured
as the perpendicular distance between the posterior aspect of the junction of the two rectus
abdominis muscles (i.e., the linea alba) and the anterior aspect of the abdominal aorta;
measurements were made in the supine position, and the probe was placed on the anterior
abdomen in the xipho-umbilical line, 1 cm above the umbilicus [7,25,30,43,44]. D’ Ambrosi
et al. used a technique introduced by Suzuki et al. [45] in non-pregnant women, and the US
index showed a high correlation with CT measurements of VAT and SAT [29]. Accordingly,
SAT was measured as the maximum vertical distance from the skin line to the anterior edge
of the linea alba, immediately caudal to the xiphoidal tip. In contrast, VAT was measured
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on the same image from the posterior edge of the linea alba to the anterior surface of
the liver.

Furthermore, the authors state that this method can be applied at any gestational age
since the measurement performed at the level of the xiphoid process is not affected by
the increase in uterine volume during the different trimesters of pregnancy [29]. In Gur
et al. study, VAT was defined as the fat thickness between the liver surface and the linea
alba [34]. Irrespective of the chosen method, techniques had to be validated after proving
their high reproducibility. If the assessment was performed by a single ultrasonographer
or two individuals, ensuring good reliability is also important. A recent study found that
US measurement at 12 weeks of gestation can produce reliable, repeatable and accurate
measures of AT during pregnancy, with acceptable intra-observer precision for measures of
SAT, VAT and TAT according to the anthropometric criterion, with higher precision reported
in SAT values than in VAT. Inter-observer reliability assessed by Limits-Of-Agreement
(LoA) confirm anthropometrically reliable to 0.5 cm. Systematic bias was minimal for both
measures, falling within 95% CI [45].

4.2. Different Thresholds for Predictive Value

Once the association of VAT depth with GDM was confirmed, at further statistical
analysis, a cut-off value with the best predicting value for GDM was searched. For instance,
Thaware et al. reported that a VAT depth >42.7 mm had a Sen of 87% (95% CI 60-98%) and
62% Spe in the early third trimester [28]. De Souza et al., in a more extensive observational
study (n = 485), found that an elevated VAT depth (>48 mm) at 11-14 weeks gestation
was associated with both dysglycaemia and GDM (according to IADPSG criteria), with
ORs of 3.1 (95% CI 1.1-9.5) and 3.4 (95% CI 1.5-8.0), respectively, after adjustment for
maternal age, ethnicity, family history of DM and BMI [33]. Rocha et al. divided the study
group based on pre-gravid BMI into obese, overweight and non-obese. They observed
that according to the ROC curve, a 45 mm threshold was the best cut-off value, with 66%
of accuracy in predicting GDM (crude and adjusted OR of 13.4 (95% CI 2.9-61.1) and
8.9 (95% CI 1.9-42.2)). However, among pre-gravid obese patients, this threshold did
not reach statistical significance to predict GDM. For this category, additional studies are
needed to determine the best VAT cut-off to ensure low GDM risk later in pregnancy [25].
In 2009, Martin et al. found that VAT depth >47.4 mm was associated with an increased risk
for an OGTT >7.8 mmol/L at 24-28 weeks’ gestation OR of 17.3 (95% CI 18-163.8) before
adjustment and 16.9 (95% CI 1.5-194.6) after adjusting for maternal age and pre-gravid
BMI [40]. Gur et al. reported that the optimal cut-off points for predicting GDM were VAT
19.5 mm [(AUC) = 0.66, p = 0.043], WC 103.5 cm (AUC = 0.64, p = 0.079) and BMI 34.5
(AUC = 0.64, p = 0.069) [34]. Last but not least, Alves et al. showed that the optimal
VAT cut-off for maximized Youden’s index was 5.1 cm, and a 1 cm increase in VAT led
to unadjusted OR for developing GDM of 1.99 (95% CI 1.59-2.46) and after adjusting for
maternal BMI and age, the OR was two (95% CI 1.61-2.5) [7].

4.3. Is Pre-Pregnancy BMI Better Than VAT in the Detection of GDM?

VAT measurement may be superior to BMI in predicting GDM, as BMI does not
reflect the metabolically active AT to the same degree as VAT [7,41]. A fierce debate about
whether VAT or SAT has better predictive value than BMI is still ongoing, with literature
offering mixed results. Furthermore, although there are data supporting an additive role of
VAT to BMI in predicting GDM [26,29,30,35], it is still questioned whether US-measured
VAT offers improved discrimination in detecting GDM compared with simply using pre-
pregnancy BML. For instance, Alves et al. showed that higher VAT might better predict GDM
than pre-pregnancy BMI, with a higher ROC curve for developing GDM for VAD (0.70,
95% C10.63 to 0.75) than for pre-pregnancy BMI (0.57 95% CI 0.50 to 0.64) (p < 0.001) [7]. De
Souza et al. showed that an elevated VAT, assessed by the US at 11 to 14 weeks gestation,
independently predicted the risk of dysglycemia later in pregnancy [33]. In a cohort of
1048 pregnant women, Bourdages et al. observed that first-trimester VAT was associated
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with a higher possibility of developing GDM, especially insulin-requiring GDM, and when
used alone, the discriminative value of first-trimester TAT was similar to that of BMI [30].
However, when TAT, BMI and maternal age were considered together, the detection rate
increased to 42% at a 10% false-positive rate. The authors mentioned the low prevalence
of GDM in the sample (5.8% and 3.4% for insulin-requiring GDM) as a possible reason
for the poor performance of the US. Rocha et al. also concluded that VAT is better than
pre-pregnancy BMI in predicting GDM, having a higher Sen (89% vs. 55%) [25]. Analyzing
based on pre-gravid BMI, they report that non-obese pre-pregnant women at risk for GDM
can be detected using VAT above 45 mm with a Sen of 88%. In contrast, in obese women, a
VAT <45 mm can suggest a group with a low risk of GDM, with a negative predictive value
of 94%. Suresh et al. also concluded that SAT at 18-22 weeks gestation as a “surrogate” for
central obesity is better than BMI as a marker for obesity-related pregnancy outcomes [26].
On the contrary, Aydin et al. showed that although they observed statistically significant
differences between the GDM and non-GDM groups in terms of current BMI, SAT and
intraperitoneal fat thicknesses and WC and hip circumference values, the logistic regression
model showed that only current BMI had a significant association with the increasing GDM
frequency. However, the authors mentioned the small sample size as a limitation that could
affect the statistical analysis [31].

4.4. Adipose Tissue and Metabolic Syndrome (MetS) Features

GDM is also related to MetS [34,46]. Although several features of the MetS occur
during normal pregnancy such as adipose tissue and IR increase, pregnancy and MetS are
not superposable and can affect both mother and offspring [27]. Some studies showed that
MetS, present in early pregnancy (as by standard diagnostic criteria), increased the risk for
GDM by 24 fold; even after adjusting for BMI and individual metabolic markers such as
raised triglycerides (TG) or low-density lipoprotein cholesterol or reduced high-density
lipoprotein cholesterol (HDL-C) also pose a significant risk for developing GDM [46].
In addition, first-trimester hyperinsulinemia precedes the onset of hyperglycemia in the
second trimester of pregnancy [27]. Hence, metabolic markers that can be modified by diet
and lifestyle must be assessed, allowing for early detection and management [46].

The association of adipose tissue depth with abnormal glucose homeostasis and
other metabolic markers has also been researched. Bartha et al. examined 30 women at
11-14 weeks of gestation and found a significant association between the US measurement
of VAT and fasting glycemia (r = 0.37, p = 0.04), insulinemia (r = 0.59, p = 0.001) and
insulin sensitivity as assessed by HOMA-IR index (r = 0.59, p = 0.001); however, given
the small sample size, the results should be interpreted cautiously [47]. De Souza et al.
also concluded that measuring maternal VAT and TAT at the time of routine first-trimester
US might provide additional information about maternal IR beyond pre-pregnancy BMI,
explaining 42% and 46%, respectively, of the variance in HOMA-IR [48]. The same group,
later on, in a prospective cohort study of 485 pregnant women revealed an association
between first-trimester VAT (OR 3.1, 95% CI 1.1-9.5) or TAT (OR 2.7, 95% CI 1.1-7.8) and
the risk of a combined endpoint of IFG, IGT or GDM [31] and that maternal hepatic fat,
VAT and TAT in mid-pregnancy independently predicted GDM and impaired glucose
homeostasis [35]. From a broader perspective, Gur et al. showed that VAT maximum
value was positively correlated with diastolic blood pressure (p = 0.03), TG (p = 0.01),
FBG (p = 0.04), fasting insulin level (p = 0.03) and IR assessed by HOMA-IR (p = 0.01)
and negatively correlated with HDL-C (p = 0.04) measured at 4-14 gestational weeks.
Furthermore, comparing VAT, SAT, BMI and WC, only VAT maximum value correlated
with IR in the HOMA-IR model. The authors mentioned the small sample size which can
affect the results however [34]. Another study on 83 Egyptian pregnant women showed
that measurement of VAT during a routine 11-14 weeks’ gestation US might improve the
performance of screening for GDM and that it correlated with metabolic risk factors even
better than BMI. Authors calculated both IR using HOMA-IR model and insulin sensitivity
using ISI (insulin sensitivity index) which employs fasting and postprandial plasma glucose
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and insulin, with a positive relationship between VAT and HOMA-IR and negative with
insulin sensitivity. Moreover, this study showed no significant relation between SAT and
HOMA-IR, explaining that VAT is more metabolically active than SAT [36]. However,
although HOMA-IR model was frequently employed given it is simple, minimally invasive
and proved to be a robust clinical and epidemiological tool for the assessment of IR, it
mainly indicates predominantly hepatic IR. Therefore, it would be worth studying the
correlation of VAT and IR indices derived not only from fasting values but also those
derived from OGTT which better indicate the peripheral IR [49] as there were studies that
reported marked variability between the IR indices in pregnant women [50]. On the other
side, Pontual et al. observed that VAT measured in the first half of pregnancy (15th-20th
weeks) was no better than pre-pregnancy BMI, predicting IR (assessed by HOMA-IR) and
dyslipidemia later in pregnancy. They proposed three limitations that might explain poor
US performance: late inclusion (around the 19th week of pregnancy), technical aspects
of US measurement (such as maternal body habitus) and the inability of the authors to
exclude women with MetS or pre-existing GDM [27].

VAT is a better reflection of the body fat distribution [51] and is considered the metabol-
ically active compartment of the adipose tissue. It is strongly associated with disease risk,
primarily related to increased IR, hypertension and cardiovascular disease [25,26]. In
non-pregnant populations, visceral adiposity is an independent predictor of IR, MetS and
T2DM [33]. Although more knowledge is needed to understand the underlying patho-
physiological ways, several mechanisms are proposed. Due to the anatomical position
of the VAT and the capability of draining the contents directly to the liver through the
portal circulation, it increases the hepatic inflow of free fatty acids and adipokines, which
contribute to inflammation, oxidative stress and by further IR, glucose intolerance and
dyslipidemia to increased metabolic risk [25,33,34]. VAT has an altered inflammatory state
in GDM women [52,53]. It is considered that VAT is more related to abnormal glucose
homeostasis and GDM in pregnancy rather than SAT [29,33,34,53], given its heterogeneous
histology, with two distinct deep and superficial layers [54], of which the former exhibits
metabolic activity similar to that of VAT [33]. One study conducted by Yang et al. on
333 Korean women with singleton pregnancies in the first trimester reported that SAT
was a statistically significant predictor of GDM [55], and a longitudinal cohort study of
1510 pregnant women in Australia suggested the potential of SAT as an independent
predictor of GDM [56].

The etiology of GDM is multifactorial [29], with multiple studies incriminating the
association with increased adipose tissue, increased pre-pregnancy BMI or excessive gesta-
tional weight gain [57].

4.5. An Exhaustive Formula That Estimates the GDM Risks

Measurement of VAT could represent a useful and inexpensive instrument to evaluate
the risk of developing GDM. Its inclusion in the first trimester of pregnancy at the usual first
antenatal visit may provide an additional contribution to early identification [26,29,30,35]
of women at high risk of developing GDM or other pregnancy complications [29,58], along-
side other parameters such as maternal age and BMI. Other anthropometric variables
(weight, height, mid-upper arm circumference, circumferences of calf and neck and triceps
skinfolds and subscapular skinfolds) were evaluated in a study. Accordingly, the best
measurements that correlated with VAT and TAT were mid-upper arm circumference and
subscapular skinfolds, both of which showed a higher correlation than pre-pregnancy BMI,
and those could represent a low cost, efficient and replicable estimate of VAT and TAT
in an outpatient clinic environment, especially in low- and middle-income countries [58].
In addition, measuring AT and BMI can likely increase the value of biochemical and
biophysical markers proposed for early pregnancy prediction of GDM [30]. A study by
Liu et al. found that US maternal epicardial adipose tissue (EAT) thickness is positively
and significantly associated with both the risk of GDM and other adverse outcomes re-
lated to GDM. The univariate regression analysis revealed that maternal age (OR = 1.05,
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95% CI: 1.01-1.09), BMI (OR = 1.05, 95% CI: 1.01-1.09), TG (OR = 1.23, 95% CI: 1.04-1.46),
total cholesterol (OR = 1.21, 95% CI: 1.04-1.41), HDL-C (OR = 0.42, 95% CI: 0.22-0.79), and
EAT thickness (OR = 2.92, 95% CI: 2.54-3.36) were significantly associated with the pres-
ence of GDM and the multivariate regression analysis further revealed that EAT thickness
(OR = 2.87, 95% CI: 2.49-3.31) was significantly associated with the presence of GDM
(p <0.001) [59].

Although more substantial studies have yet to validate serum biomarkers as GDM
predictors, the current findings are encouraging. For example, a study published by
Zhao et al. in 2017 [60] describes the potential of five biological markers, respectively
pentraxin 3, placental protein 13, myostatin, soluble FMS-like tyrosine kinase-1 and fol-
listatin which presented detection rates of 94.9%, 92.3%, 92.3%, 94.9% and 92.3% with a
Spe of 80%, when measured in the second trimester, between 16 and 20 weeks of gestation.
Another article published by Lorenzo-Almords et al. [61] in 2019 describes the possibility of
predicting GDM in the first trimester based on the dynamics of specific plasmatic markers:
decrease of plasmatic adiponectin and sex hormone-binding globulin (SHBG) combined
with increased plasmatic levels of ficolin-3, afamin, retinol-binding protein 4 and specific
micro-RNAs (miR), miR16-5p, miR-20a-5p and miR-17-5p. It is also hypothesized that VAT
may predict GDM by regulating the miRNA-148 family of adipose-derived exosomes [62].
Another example is pregnancy-associated plasma protein A (PAPP-A), a study reporting
that a low value was strongly associated with GDM, and lower values were found in
women with GDM needing insulin therapy [8]. Nanda et al. also showed that in screening
for GDM at 11-13 gestation weeks by maternal characteristics in which maternal age, BMI,
racial origin, previous history of GDM and macrosomic neonate were significant indepen-
dent predictors of future GDM, the detection rate was 61.6% at a false-positive rate of 20%
and the detection increased to 74.1% by the addition of adiponectin and SHBG which were
also lower in their study in the GDM group [63].

Therefore, a predictive model comprising risk factors, anthropometric variables, US-
measured adipose thickness, especially VAT and biochemical markers could have a high
predictive value of GDM as shown in Figure 2. However, more studies are needed in
this aspect.
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Figure 2. Ultrasound (US) measurement of adipose tissue and Parameters associated with GDM:
anthropometric, genetic, biological and ultrasonographic. GDM-gestational diabetes mellitus, VAT-
visceral adipose tissue thickness measured by US; SAT—subcutaneous adipose thickness measured
by US, WC-waist circumference, WHR-waist-to-hip ratio, BMI-body mass index, GWG-gestational
weight gain.
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4.6. Possible Confounders

Most measurements were performed in the first trimester of pregnancy, between
11 gestational weeks and 13 gestational weeks and six days, aiming for a combined screen-
ing for fetal aneuploidies, pregnancy dating or determining fetal nuchal thickness. More
studies are needed to determine if this is the optimal time to evaluate maternal adipose
tissue. For instance, Alves et al. considered that a limitation of their study is that they
enrolled women at the end of the first trimester of pregnancy, once some metabolic and
habitus changes had already occurred. Although most studies performed adjustments
for confounders, such as maternal age and BM], it is challenging to balance gestational
weight gain and other risk factors for GDM such as personal or family history. Despite the
possible measurement error due to inter-operator variation, the US assessment technique
also had some heterogeneity between studies and reported different cut-off values. The
small sample of subjects may need to offer more statistical power to some studies.

Last but not least, the need for a gold standard to confidently identify GDM could
be a limitation to any study assessing a new diagnostic or predictive tool. In addition,
there are questions regarding the reliability of OGTT, as it involves a supra-physiological
glucose load unrelated to body weight or dietary intake. Finally, although it is unpleasant,
expensive and time-consuming, OGTT has poor reproducibility [64].

5. Conclusions

Pregnant women classified at an early stage as high risk for GDM may benefit from
close monitoring and the introduction of preventive strategies with the primary objective
of reducing the burden of DM in pregnancy and later life. US-measured VAT during the
first trimester of pregnancy seems a practical and inexpensive screening approach that
can predict GDM development later in pregnancy either by itself alone or can increase the
prediction power when used in conjunction with other clinical and biological parameters.
However, standardized procedures including VAT measurement technique, cut-off values,
time of assessment and universally accepted diagnostic criteria for GDM are needed to
validate this screening strategy through more large-scale trials.
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