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Background and aims: Gestational diabetes mellitus (GDM) is a prevalent
pregnancy complication associated with long-term cardiometabolic risk,
including metabolic syndrome (MetS). This study aimed to assess differences in
body composition and metabolic health 6 years postpartum based on prior GDM
diagnosis and to identify body composition cut-off values predictive of MetS.
Methods: This cross-sectional analysis included 604 women from the
prospective St. Carlos Cohort in Spain, who had no subsequent pregnancies and
complete body composition data 6 years postpartum. Body composition was
assessed using bioelectrical impedance analysis (BIA), and MetS was diagnosed
per harmonized criteria. Statistical analyses included ROC curves to establish
diagnostic accuracy and optimal cut-off points.

Results: Women with prior GDM had a twofold increased risk of developing
MetS (26.6 vs. 14.6%). However, waist circumference or elevated BMI and
waist-to-height ratio were not significantly different between groups. ROC
analysis identified that body composition parameters, particularly fat mass (FM),
visceral fat, and FM/Fat Free Mass ratio, as having high predictive value for MetS,
regardless of GDM history (AUC > 0.8). Women with MetS showed significantly
higher FM and lower relative muscle mass and function. Diagnostic models
showed high negative predictive values (>90%) for most body composition
parameters making them effective for excluding MetS.

Conclusion: GDM is a significant predictor of MetS. However, body
composition, especially increased adiposity and reduced relative muscle mass,
provides valuable clinical insights beyond traditional anthropometric measures
in postpartum women. The proposed cut-off values for body composition
parameters may serve as effective, non-invasive tools for early MetS detection
in postpartum care.
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1 Introduction

Gestational diabetes mellitus (GDM) is characterized by
hyperglycemia first recognized during the second or third trimester
of pregnancy, in cases where overt diabetes is not clearly present (1,
2). According to the most recent report by the International Diabetes
Federation (IDF), approximately 14% of pregnancies worldwide are
affected by GDM when applying the criteria established by the
International Association of Diabetes and Pregnancy Study Groups
(IADPSG) (3). In Europe, the prevalence is slightly lower, at 7.8%,
while in Spain is around 13.9%, depending on the population studied
and diagnostic criteria used (3, 4).

Risk factors for GDM include overweight or obesity, advanced
maternal age, excessive gestational weight gain, ethnicity, family
history of insulin resistance or diabetes, among others (5). Although
GDM usually resolves after delivery, women diagnosed with GDM
have a significantly increased risk of developing type 2 diabetes
mellitus and cardiovascular disease in the long-term follow-up (6,
7). Furthermore, women with a history of GDM also have a higher
risk (8) and prevalence of metabolic syndrome (MetS) (25.3%)
compared to those without GMD history (6.6%) (9). Women
diagnosed with GDM often present long-term alterations in body
composition after childbirth (10, 11). Normoglycemic women who
experience excessive gestational weight gain also entail an increased
risk of postpartum weight retention and potentially unfavorable
changes in body composition (12, 13). These findings suggest that
pregnancy itself may trigger persistent metabolic alterations, which
could contribute to the later development of cardiometabolic
disease (14, 15). Consequently, body composition may serve as a
useful prognostic marker for MetS in women with a history
of pregnancy.

The St. Carlos Cohort is a prospective population-based clinical
study established at the Hospital Clinico San Carlos in Madrid,
Spain. It was designed to analyze long-term outcomes in women
diagnosed with GDM and to identify modifiable risk factors
contributing to the development of subsequent metabolic disorders.
The cohort integrates data from three public funded national
studies and includes follow-up of over 2,500 women for more than
10 years (16). The St. Carlos Cohort represents a substantial
contribution to the understanding and prevention of long-term
metabolic complications in women with prior GDM, offering
valuable insights for the development of early, targeted, and
personalized intervention strategies (17).

In this setting, the present study was conducted with two main
objectives: first, to evaluate differences in maternal body composition
and metabolic health 6 years postpartum according to previous GDM
diagnosis; and second, to establish, for the first time, cut-off points for
body composition parameters associated with the risk of MetS.

2 Materials and methods

The St. Carlos Cohort comprises three consecutives prospective,
single-center, interventional clinical trials all registered at https://
www.srctn.com/  under the identifiers ISRCTN84389045,
ISRCTN13389832, and ISRCTN16896947. The data used in the
present analysis were collected in an identical manner across all three
studies, thereby enabling the integration of the study variables.
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2.1 Participants and selection criteria

At baseline, a total of 2,529 normoglycemic pregnant women
were enrolled in the St. Carlos Cohort at approximately the 12th
gestational week (GW). All participants were assessed and closely
monitored by both the Department of Obstetrics and the
Department of Nutrition at the Hospital Clinico San Carlos in
Madrid, Spain. Of these, 2,228 participants completed antenatal
follow-up all the way through to delivery and were evaluated at
the end of pregnancy. Longitudinal follow-up during gestation
and the postpartum period was conducted from 2015 to 2018. A
total of 1,403 women completed a face-to-face visit at 6 years
postpartum and were subsequently included in the postnatal
phase of the study. For the present cross-sectional analysis from
the prospective St. Carlos Cohort, only women without subsequent
pregnancies and with available data on body composition at
6 years postpartum were considered, resulting in a final sample of
604 participants (Figure 1). Women with subsequent pregnancies
during the follow-up period were excluded in order to avoid the
potential confounding effects of additional gestational exposures
on metabolic outcomes.

2.2 Ethics statement

The three studies were approved by the Ethics Committee of
Hospital Clinico San Carlos under the codes CI 13/296-E, CI
16/442-E, and CI 16/316." All procedures were conducted in
accordance with the Ethical Standards of the Institutional
Research Committee and the principles outlined in the
Declaration of Helsinki for biomedical research involving human
participants (18). All researchers involved known and followed
the ICH Harmonized Tripartite Guidelines for Good Clinical
Practice (19).

All study data were processed by members of the research
team in a database specifically created for this study and
dissociated from any data that could identify the patient. The
processing of personal data will follow the Spanish Organic Law
(Ley Orgénica) 3/2018, of December 5, and the General Data
Protection Regulation of the European Union (EU) 2016/679 of
April 27, 2016.

2.3 Timeline

The prospective St. Carlos Cohort and the present cross-sectional
analysis are represented in Figure 2. Baseline characteristics were
initially evaluated at the 12th GW and stratified by GDM during
pregnancy. A follow-up assessment was conducted 6 years postpartum,
examining the presence of MetS, anthropometric parameters, and
body composition, also stratified by prior GDM diagnosis. During this
phase, the risk of developing MetS 6 years after delivery was analyzed
in relation to the previous diagnosis of GDM. Finally, body
composition was evaluated based on the presence of MetS after

1 https://www.idissc.org/estudios-clinicos-y-preclinicos/contacto-ceim/
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Clinical Trial Clinical Trial Clinical Trial
ISRCTN54389045 ISRCTN13389832 ISRCTN16896947
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Total St. Carlos Cohort (n =2.526)

Women without subsequent pregnancies and with available body composition
data at six years postpartum

v

Study final sample size (n = 604)

FIGURE 1
Constitution of the St. Carlos Cohort and final size of the study.
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FIGURE 2
Flowchart of the analysis of the study.
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6 years. In this stage, diagnostic models for MetS were also developed
and their performance was evaluated.

2.4 Definition of gestational diabetes
mellitus

GDM was diagnosed according to the criteria established by the
International Association of the IADPSG (20, 21). Screening was
performed between 24 and 28 GW using a single-step 2-h 75-g oral
glucose tolerance test (OGTT). Plasma glucose levels were measured
at fasting, 1 h, and 2 h post-glucose load. Diagnosis of GDM was made
when one or more of the following thresholds were met: fasting
plasma glucose (FPG) > 92 mg/dL, 1-h plasma glucose > 180 mg/dL,

Frontiers in Nutrition

03

or 2-hour plasma glucose > 153 mg/dL. Additionally, overt diabetes
in pregnancy was diagnosed if any of the following criteria were met:
FPG > 126 mg/dL, glycated hemoglobin (HbAlc) > 6.5%, or random
plasma glucose > 200 mg/dL, confirmed on a subsequent occasion.

2.5 Definition of metabolic syndrome

MetS was diagnosed according to the harmonized criteria
proposed by the Joint Interim Statement (22). Participants were
classified as having MetS if they met at least three of the following five
criteria: waist circumference (WC) > 89.5 cm (women), triglycerides
> 150 mg/dL, HDL cholesterol < 50 mg/dL (women), blood pressure
> 130/85 mmHg, and FPG > 100 mg/dL.
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For the present study, WC thresholds were based on specific
cut-off values previously established for the Spanish population (23).
WC was not considered a mandatory criterion for the diagnosis
of MetS.

2.6 Anthropometric parameters

Anthropometric variables were assessed using standardized
procedures in accordance with the international guidelines established
by the World Health Organization (WHO) (24). Body weight was
measured in the morning after a 12-hour overnight fast, following
evacuation, using a calibrated digital clinical scale (capacity:
0-150 kg). Participants were barefoot and wore light clothing during
measurement. Stature was measured to the nearest millimeter using a
wall-mounted stadiometer (Seca 220®, Seca GmbH & Co. KG,
Hamburg, Germany) with a measuring range of 80-200 cm. Body
mass index (BMI) was calculated using the standard formula: weight
(kg) divided by height squared (m?). WC was measured in centimeters
with a non-elastic anthropometric tape, following the International
Society for the Advancement of Kinanthropometry (ISAK) guidelines
(25). WC was measured at the narrowest point of the torso when
identifiable; otherwise, the measurement was taken midway between
the lower margin of the last palpable rib and the top of the iliac crest.
The waist-to-height ratio (WHtR) was subsequently calculated as WC
(cm) divided by height (cm), and a WHtR > 0.5 was considered
indicative of increased cardiometabolic risk (26, 27).

2.7 Body composition

Body composition was assessed using a multifrequency medical
body composition analyzer (mBCA 515®, Seca GmbH & Co. KG,
Hamburg, Germany), which operates with eight electrodes: two pairs
in contact with the hands and two pairs with the feet. The procedure
followed the recommendations of the European Society for Clinical
Nutrition and Metabolism (28, 29).

To minimize variability and ensure measurement reliability, the
following standardized conditions were maintained prior to analysis:
participants remained in a relaxed state, standing upright with bare
feet and minimal clothing, limbs abducted at approximately 45°, and
free from metallic accessories (e.g., earrings, necklaces, bracelets).
Measurements were conducted in a thermoneutral environment,
following a fasting period of at least 2 h and abstention from alcohol,
coffee, caffeinated beverages, and chocolate for 24 h. Women were
encouraged to avoid strenuous physical activity during the
previous 24 h.

Bioelectrical impedance (BIA) was measured using a 100 pA current
across a frequency range of 1-1,000 kHz. Raw values for resistance (R),
reactance (Xc), and phase angle (PhA) were obtained at a frequency of
50 kHz. Impedance measurements at 5 and 50 kHz were used to develop
the predictive equations (30). The PhA/BMI ratio was also calculated.

Body composition assessment submitted several key parameters.
Total body water (TBW) and extracellular water (ECW) were quantified
in liters, and their relative distribution was expressed as the ECW/TBW
ratio (%). Fat mass (FM) was assessed in both absolute terms (kg) and
as a percentage of total body weight (%). Fat-free mass (FFM) was
measured in kilograms. Visceral adipose tissue was also estimated and
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reported in liters. To normalize for body size, FM and FFM indices
were calculated by dividing each value by height squared (kg/m?) (31).
Additionally, the FM to FEM ratio (FM/FFM) was determined to
provide a further indicator of body composition balance (32).

Skeletal muscle mass (SMM) was estimated using the Janssen
equation (33), and appendicular skeletal muscle mass (ASM) was
calculated using the Sergi formula (34). Both were normalized by
height squared to obtain the skeletal muscle mass index (SMMI) and
the appendicular skeletal muscle mass index (ASMI), respectively
(35). Relative SMM was also expressed as a percentage of total body
weight (SMM/weight x 100) (33), and an additional index was
calculated as SMM adjusted for BMI (SMM/BMI) (36).

2.8 Assessment of grip strength

Hand grip strength (HGS) was evaluated using a digital
dynamometer (Jamar Plus Digital®, Performance Health International
Ltd., Nottinghamshire, UK), a device with demonstrated high
reliability and validity for assessing muscular strength (37).
Measurements were performed on the dominant hand to assess upper
body muscle function. The device features an adjustable handle with
five grip positions (ranging from 35 to 87 mm), a digital scale
calibrated in kilograms, and an isometric grip force range from 0
to 90 kg.

To ensure accuracy and reproducibility, HGS was assessed
following standardized procedures based on established normative
data for adults (38). Prior to testing, participants rested for at least
5 min in a seated position. Any jewelry or accessories that could
interfere with grip performance were removed. The dynamometer
handle was adjusted according to individual hand size to optimize
grip alignment.

Participants were seated with the shoulder adducted and in a
neutral rotation, the elbow flexed at 90°, and the wrist positioned
between 0° and 30° of dorsiflexion and between 0° and 15° of ulnar
deviation. The dynamometer was held in the dominant hand, with the
handle aligned parallel to the fingers.

Subjects were instructed to exert maximal isometric force by
squeezing the handle as hard as possible for 5 s after a verbal order.
Three consecutive trials were conducted with 30-s rest intervals
between attempts. The highest of three measurements was recorded
as the final HGS value. In addition, the hand grip strength to body
mass index ratio (HGS/BMI) was calculated to normalize strength
relative to body size (39).

2.9 Dietary assessment

Adherence to the Mediterranean dietary pattern was evaluated
using the Mediterranean Diet Adherence Screener (MEDAS) at two
different time points. During pregnancy, a modified version of the
MEDAS was performed (40). This version excluded items related to
alcohol and fruit juice consumption, since these are not recommended
during gestation. The adapted questionnaire consisted of 12 items,
with a total score ranging from 0 to 12 points. Higher scores denoted
greater adherence to the Mediterranean dietary pattern.

Assessment at the 6-year follow-up was conducted using the
established 14-item MEDAS version (41). This validated tool assesses
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adherence based on the consumption of foods which are characteristic
of the Mediterranean diet. These include beneficial components, such
as vegetables, fruits, legumes, nuts, whole grains, fish, and olive oil, as
well as items evaluating the intake of less recommended foods, such
as red and processed meats, sugar-sweetened beverages, and
commercial pastries. Each item is scored dichotomously (0 or 1) based
on predefined consumption thresholds, resulting in a total score
ranging from 0 to 14 points in the standard version. A score of 9 or
higher was considered indicative of high adherence to the
Mediterranean dietary pattern.

2.10 Physical activity

Physical activity was measured by the short version of the
International Physical Activity Questionnaire (IPAQ) (42). This
questionnaire consists of seven questions that explore physical activity
patterns over the previous seven days and is divided into two main
sections. The first section collects information on the type, frequency,
and duration of activities performed in four areas: occupational,
domestic, transportation, and leisure-time activities. Responses are
recorded in terms of frequency (days per week) and duration (minutes
per day). The second section assesses sedentary behavior by asking
women to report the amount of time spent sitting on a typical weekday
(hours per day). Once the questionnaire is completed, a total physical
activity score is calculated, integrating the duration and frequency of
reported activities, presenting both quantitative and qualitative
information. The quantitative outcome is expressed as total energy
metabolism equivalents (MET-minutes/week), whereas qualitative
classification categorizes the physical activity as low, moderate, or
high intensity.

For quantitative estimation, standardized MET values are applied
to each activity category: 8 METs for vigorous activity, 4 METs for
moderate activity, and 3.3 METs for walking. The total MET-minutes
per week was calculated using the following formula:

Total MET — minutes/ week = MET value x minutes / day x
days / week

2.11 Biochemical parameters

Blood samples were collected in the morning (between 08:00 and
09:00 h) following an overnight fast. Trained personnel at the
Extraction Unit of Hospital Clinico San Carlos performed the
venipuncture. Fasting blood samples were extracted into vacuum
tubes and subsequently centrifuged at 1500xg for 10 min to obtain
serum for biochemical analyses. Biochemical parameters were
analyzed using standardized protocols specific to each assay. All
determinations were performed by highly trained personnel from the
Clinical Analysis Service, ensuring methodological accuracy and
analytical reliability.

FPG was measured using the glucose oxidase method. Serum
insulin concentrations were determined by chemiluminescent
immunoassay on an IMMULITE 2000 Xpi system (Siemens
Healthcare Diagnostics Inc., Tarrytown, NY, USA), with inter-assay
coefficients of variation (CVs) of 6.3% at 11 pIU/mL and 5.91% at
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21 pIU/mL. Insulin resistance was estimated using the homeostatic
model assessment (HOMA) calculated as:

[glucose (mg/dL)xinsulin (£IU/ mL)} /405.

FPG and glycated hemoglobin (HbAlc) were standardized
according to the International Federation of Clinical Chemistry
and Laboratory Medicine (IFCC) using ion-exchange high-
performance liquid chromatography (HPLC) with gradient
elution on a Tosoh G8 analyzer (Tosoh Corporation, Minato-ku,
Tokyo, Japan). Inter-assay imprecision for HbAlc at a
concentration of 5.1% showed a standard deviation (SD) of 0.06
and a CV of 1.23%. At a concentration of 10.39%, the SD was 0.11
and the CV was 1.04%.

Total cholesterol was measured using the enzymatic colorimetric
cholesterol oxidase-phenol aminophenazone (CHOD-PAP) method.
Serum high-density lipoprotein cholesterol (HDL) concentration was
determined by enzymatic immunoinhibition on an Olympus AU5800
analyzer (Beckman Coulter, Brea, CA, USA). Low-density lipoprotein
cholesterol (LDL) was estimated using the Friedewald equation.
Serum triglycerides were determined using a colorimetric enzymatic
method based on glycerol phosphate oxidase-phenol aminophenazone
(GPO-PAP).

Apolipoprotein B and high-sensitivity C-reactive protein (hsCRP)
concentrations were measured using the Dimension Vista system
(Siemens Healthcare Diagnostics, Munich, Germany), employing
immunonephelometry and nephelometry, respectively.

Serum levels of aspartate aminotransferase (AST), alanine
aminotransferase (ALT), gamma-glutamyl transferase (GGT), and
alkaline phosphatase were measured using direct kinetic methods on
an Olympus AU5800 analyzer (Beckman Coulter, Inc., Brea, CA,
USA). Thyroid-stimulating hormone (TSH) levels were measured
using a third-generation sandwich chemiluminescent immunoassay
with magnetic particles and human TSH mouse monoclonal
antibodies on a DXI-800® analyzer (Beckman Coulter, Inc., Brea, CA,
USA). Free thyroxine (FT4) levels were determined using a two-step
competitive chemiluminescent immunoassay with paramagnetic
particles on the same analyzer.

All analytical procedures were subject to monthly external quality
control through the Spanish Society of Clinical Chemistry (SEQC).

2.12 Statistical analysis

Continuous variables were expressed as mean and SD, whereas
categorical variables were presented as absolute frequencies and
percentages. Outliers were defined as values exceeding +3 SD from the
mean. The distribution of continuous variables was assessed using the
Kolmogorov-Smirnov test, and homogeneity of variances was
evaluated with Levene’s test. Depending on data distribution,
comparisons between groups were conducted using either parametric
tests (Student’s t-test) or non-parametric tests (Mann-Whitney U
test). Categorical variables were analyzed using the chi-squared
() test.

Odds ratios (ORs) with 95% confidence intervals (CIs) were
calculated to evaluate the association between previous GDM
diagnosis and the MetS risk at 6 years postpartum.
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The receiver operating characteristic (ROC) curve and
corresponding area under the curve (AUC) were used to determine
the discriminatory capacity of body composition parameters in
identifying MetS. AUC values > 0.90 were classified as indicating
excellent discrimination; values between 0.80 and 0.89 were
considered very good discrimination; 0.70-0.79 reflected good
discrimination; 0.60-0.69 indicated fair discrimination; and 0.50-0.59
were interpreted as poor discrimination. An AUC of 0.50 denotes no
discriminative ability, equivalent to random classification. When a
result fell below the line of no-discrimination, the method’s predictions
were mirrored moving the result above the diagonal line. These values
were identified with a prime symbol (°). In such cases, values above
the cut-off point indicated a lower risk of MetS. The Youden Index was
applied to establish optimal cut-off points, maximizing both sensitivity
and specificity. To assess the adequacy of the sample size, it has been
performed a post-hoc power analysis based on two-tailed Z test for two
independent proportions based on the observed prevalence of MetS
in GDM and NGT groups.

All statistical tests were two-tailed, and a p-value < 0.05 was
considered statistically significant. Analyses were performed
using the Statistical Package for the Social Sciences (SPSS),
version 25.0 for Windows (IBM Corp., Armonk, NY, USA) and
the post-hoc statistical power analyses in G*Power Program
version 3.1.9.7 for Windows (Diisseldorf University, Diisseldorf,
Germany).

10.3389/fnut.2025.1689658

3 Results

Baseline results at 12th GW according to the diagnosis of GDM
are shown in Table 1. A total of 604 women were selected from the
2,529 participants in the St. Carlos Cohort based on the availability of
body composition data and the absence of subsequent pregnancies
after a the 6-year postpartum follow-up. Among these women, 20.5%
developed GDM during pregnancy. Advanced maternal age, higher
prepregnancy weight and elevated BMI determined the development
of GDM throughout their pregnancy. Specifically, an elevated
prepregnancy BMI (>25 kg/m?) raised the risk of developing GDM
(OR =1.784 [1.316-2.420]). An excess weight at the beginning of
pregnancy was associated with a lower weight gain in women who
later developed GDM. Additionally, individual constituents of MetS
such as SBP or fasting blood glucose were also higher in women who
developed GDM during pregnancy, although mean values for both
parameters remained within normal range.

Dietary patterns during pregnancy were comparable between
groups and did not influence the development of GDM. Similarly, no
significant dietary differences were observed between groups at
6 years postpartum (Supplementary Table 1). Overall, adherence to
the Mediterranean diet remained low throughout the study period.
Regarding physical activity, no significant differences were found
between groups 6years postpartum (Supplementary Table 1).
Although women with prior GDM reported slightly lower weekly

TABLE 1 Baseline characteristics at 12th GW stratified by gestational diabetes mellitus diagnosis (Mean + SD).

NGT (n = 480) GDM (n = 124) P-value
Age (years) 34.17 £4.95 354 +5.04 0.014
Prepregnancy body weight (kg) 60.57 +9.84 63.54 + 12.54 0.015
Prepregnancy BMI (kg/m?) 22.99 +3.49 24.36 + 4.42 0.002
Prepregnancy BMI > 25 kg/m? (%) 109 (22.9) 42 (33.9) 0.012
24-28 GW (kg) 7.11+£3.98 6.81 +4.12 0.466
Weight gain at
36-38 GW (kg) 12.32 £ 5.45 892+6.1 0.001
Systolic blood pressure (mmHg) 107.94 + 10.9 111.44 + 10.09 0.002
Diastolic blood pressure (mmHg) 66.65 + 8.72 67.22 + 8.02 0.536
Fasting blood glucose (mg/dL) 80.24 + 6.02 82.41+5.35 0.001
HbAlc (%) 5.12+0.22 527 +0.11 0.084
Family history DM n (%) 18 (3.8) 9(7.1)
0.557
MetS n (%) 116 (24.3) 27 (21.3)
Gestational history None n (%) 262 (54.8) 64 (50.4)
GDM n (%) 19 (4) 5(3.9)
0.001
Miscarriage n (%) 175 (36.6) 46 (36.2)
Hypertension n (%) 7 (1.5) 1(0.8)
Primiparous (%) 127 (31.7) 32(29.9) 0.727
Smoker Never (%) 292 (88.8) 78 (94) 0.160
Ethnicity Caucasian (%) 309 (64.4) 79 (63.7)
Latin American (%) 163 (34) 42 (33.9) 0.855
Others (%) 8(1.7) 3(24)
MEDAS score 12 GW (score) 5.00 + 1.80 517 +1.73 0.349
24 GW (score) 5.60 £ 1.89 577 £1.78 0.418

NTG, Normal Glucose Tolerance; DM, Diabetes Mellitus; MetS, Metabolic Syndrome; GDM, Gestational Diabetes Mellitus; GW, gestational weeks; BMI, body mass index.
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light-intensity physical activity, total physical activity levels, expressed
as MET-min/week, were comparable between groups.

Tables 2, 3 and Figure 3 summarize the assessment of MetS,
anthropometric and body composition variables and MetS risk at
6 years postpartum according to previous GDM diagnosis.

At 6 years postpartum, 26.6% of women who had developed
GDM during pregnancy were diagnosed with MetS (Table 2). Notably,
these women had a 2-fold increased risk of developing MetS over
these years compared to their normoglycemic counterparts (Figure 3).
They also presented a higher frequency of >3 MetS diagnostic criteria
(p =0.001). However, 14.6% women exhibiting normal glucose
tolerance (NGT) also developed MetS during the follow-up period.
The post-hoc power to detect the difference between GDM and NGT
was 85.7% (p < 0.05).

Among the biochemical components for the diagnosis of
MetS, elevated triglycerides and FPG levels were significantly
influenced by the prior GDM diagnosis, whereas low HDL
cholesterol concentration was not. These two elevated diagnostic

criteria showed an increased risk over the 6 years postpartum in

10.3389/fnut.2025.1689658

women with previous GDM diagnosis. Notably, several parameters
related to glucose metabolism and lipid profile were affected by a
prior diagnosis of GDM. However, mean values for these
parameters remained within normal reference ranges for all the
study population. Furthermore, safety parameters were
comparable across all participants, with none exceeding
established clinical normal ranges (Supplementary Table 2).
Additionally, the hypertension risk was also increased in these
women, with DBP appearing to be more conditioned by this
diabetogenic condition.

Conversely, although the prior GDM diagnosis during
pregnancy entailed a greater WC compared to NGT women, there
were no significant differences when a risk circumference was

evaluated (> 89.5 cm). Indeed, the presence of GDM did not

TABLE 3 Anthropometric and body composition parameters at 6 years
postpartum stratified by prior gestational diabetes mellitus diagnosis
(Mean + SD).

TABLE 2 Metabolic syndrome at 6 years postpartum stratified by prior Age (years) 40.13£5.19 41.98 £ 4.86 0.003
GDM diagnosis (Mean + SD). Weight (kg) 64.82 + 1145 66.72 +12.31 0.105
GDM WHIR 0.48 +0.07 0.50 +0.08 0.006
(n =124) WHER risk n (%) 174 (36.3) 51 (41.1) 0.324
Mets n (%) 70 (14.6) 33 (26.6) 0.001 M (kg) 23.39 + 8.25 24.66 + 8.52 0.131
1 1 0,
0 Criteria n (%) 172 (35.8) 32(25.8) (%) 35.12 + 6.91 36.02 + 6.67 0.193
1 Criterion n (%) 165 (34.4) 36 (29.0) FMI (kg/m?) 8.9+3.17 9.49 + 338 0.070
1 1 0,
2 Criteria n (%) 73(152) 23 (18.5) 0,002 Visceral fat w 113+ 0.67 125+0.71 0.075
1 1 0
3 Criteria n (%) 43 (9.0) 16(129) FFM (kg) 4139 +4.38 42.03+4.79 0.158
4 Criteria n (%) 21(44) 9(7.3) FEM index (kg/m?) 1592 + 145 1624 + 1.76 0.069
1 1 0,
5 Criteria n (%) 6(13) 8(65) FM/FEM 0.56+0.17 0.58+0.17 0.234
MetS criteria SMM (kg) 17.99 + 2.04 18.16 + 2.44 0.439
Elevated WC n (%) 69 (14.4) 26 (21) 0.072 SMMI (kg/m?) 6.83 +0.68 6.96 + 0.82 0.057
Waist (cm) 0.012 SMM/weight (%) 28.26 +3.77 27.66 +3.13 0.117
circumference 78.46 £9.76 81.01 +£11.24
ASM (kg) 14.93 + 1.82 15.24 + 2.04 0.099
Elevated
) ) n (%) 0.001 ASMI (kg/m?) 5.67 +0.63 5.85+0.74 0.013
triglycerides 23 (4.8) 16 (12.9)
) i ASM/BMI 0.61 +0.07 0.6+ 0.07 0.103
Triglycerides (mg/dL) 77.47 +37.03 95.76 + 56.49 0.001
TBW (L) 30.81 +3.39 3122 +3.86 0.239
Reduced HDL n (%) 71 (14.8) 21 (16.9) 0.554
(%) 4792+ 488 4735+ 46 0.245
HDL cholesterol (mg/dL) 62.24 +12.17 6142 +11.7 0.501
ECW (L) 13.56 + 1.53 13.74 + 1.67 0.323
Elevated blood %) 0,002
n (7% .
pressure 68 (14.8) 33.(27) ECW/TBW 0.45 +0.02 0.45 +0.03 0.223
Systolic blood Phase angle (©) 5.04 +0.48 5.12+0.51 0.087
(mmHg) 0.261
pressure 107.25+ 12.41 | 108.65 % 12.00 PhA/BMI 0.21 +0.03 0.20 +0.03 0.202
SBP > 130 mmHg n (%) 28 (5.8) 5(4) 0.431 Resistance (ohm) 679.54 +72.75 662.87 + 81.01 0.027
Diastolic blood Reactance (ohm) 59.67 £ 7.08 59.69 + 7.48 0.973
(mmHg) 0.081
pressure 7748849 79.01+9.27 HGS (kg) 28.13 +4.76 27.34 + 4.69 0.102
DBP285mmHg | n(%) 84(17.5) 32(25.8) 0.036 HGS/BMI 116+ 0.26 1.09%0.26 0.008
Elevated FPG n (%) 63 (13.1) 40 (32.3) 0.001 NTG, Normal Glucose Tolerance; GDM, Gestational Diabetes mellitus; FM, Fat Mass; FFM,
Glucose (mg/dL) 91.45 + 6.69 96.98 + 8.94 0.001 Fat Free Mass'; WHIR, waist-to-height rat?o; SMM, Skeletal ml{scle mass; SMMI, Skeletal
muscle mass index; SMI, Skeletal muscle index; ASM, Appendicular skeletal muscle mass;

NTG, Normal Glucose Tolerance; GDM, Gestational Diabetes Mellitus; WC, waist
circumference.
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ASMI, Appendicular skeletal muscle mass index; TBW, Total Body Water; ECW, extracellular
water; TBW, total body water; HGS, Handgrip strength.
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Components OR [95% CI]

MetS 2.124[1.325 - 3.406]
Elevated glucose 3.152[1.989 - 4.995]
Elevated tryglicerides 2.944 [1.504 - 5.762]

Elevated blood pressure 2.127[1.322 - 3.421]

Elevated WC 1.580[0.956 - 2.611]
Reduced HDL 1.174 [0.689 —2.001]
000 050  1.00
FIGURE 3

Risk of metabolic syndrome at six years postpartum by prior GDM.

1.50 2.00 2.50 3.00 3.50 4.00 4.50 5.00 5.50 6.00

significantly affect the risk of meeting this anthropometric criterion
for MetS diagnosis over time. Similarly, body weight at 6 years
postpartum was comparable between women who were previously
diagnosed with GDM versus those who were not (Table 3).
Moreover, a history of GDM was not significantly associated with
the presence of an elevated body mass index (BMI > 25 kg/m?
OR =1.254 [0.689-2.001]) or with an elevated WHtR risk
(OR =1.225 [0.818-1.833]) over time. On the other hand, body
composition at 6 years postpartum was poorly affected by previous
GDM diagnosis during pregnancy (Table 4). FM, visceral fat or
FFM were similar between women with prior GDM diagnosis or
without. SMMI and ASMI were higher in women who had
developed GDM. Among the raw data parameters, only resistance
was significantly affected by prior GDM diagnosis, presenting lower
values. Nevertheless, these differences were no longer evident when
body composition was assessed after stratification by previous
GDM diagnosis and MetS diagnosis (Supplementary Table 3).
However, body composition was significantly different when it was
only assessed depending on the presence or absence of MetS at
6 years postpartum (Table 4).

In this context, women with MetS exhibited significantly greater
adiposity in both absolute (FM, visceral fat) and relative terms
(FMI, FM/FFM). Although these women also had higher absolute
muscle mass (SMM, ASM) their muscle mass relative to body size
(SMM/weight, ASM/BMI ratio) was significantly lower compared
to those with no MetS at 6 years postpartum. Notably, TBW and
ECW were also higher in women with MetS diagnosis, however, the
proportion of total water relative to weight (TBW, %) was lower,
evidencing a higher relative FM. Notably, the ECW/TBW ratio did
not differ significantly between groups (p =0.895), further
supporting the notion of increased adiposity rather than altered
fluid distribution.

This excess adiposity was also associated with significantly lower
values of resistance and reactance in women with MetS. Whereas PhA,
a marker of cellular integrity and function, was higher in women with
MetS, it was significantly lower when adjusted for BMI (PhA/BMI),
suggesting inadequate cellular health relative to body mass. A similar
pattern occurs when muscular strength was observed, although
absolute HGS was comparable between groups, functional strength

Frontiers in Nutrition

relative to body weight (HGS/BMI) was substantially lower in women
with MetS at 6 years postpartum.

When diagnostic performance was evaluated, variables that
demonstrated the highest diagnostic capacity for MetS-with AUC
values > 0.85 (very good discrimination)-were FM (kg, %), visceral
fat, FM/FFM ratio, and ASM. In contrast, SMM/weight’ and TBW’
(%) exhibited strong discriminatory power for discarding MetS
(Table 5).

Although the models demonstrated good sensitivity and
specificity, the relatively low prevalence of MetS in the cohort (17%)
limited the positive predictive value (PPV), which ranged from 25 to
49%. In contrast, negative predictive values (NPV) were consistently
high (>90%) in almost all body composition parameters. Therefore,
these diagnostic tests were particularly useful for excluding the
presence of MetS in women at 6 years postpartum.

Moreover, these findings underscore the strong relationship
between body composition and MetS. The variables that showed the
greatest differences between women with and without MetS were also
the most effective as screening tools, indicating a robust internal
consistency between diagnostic capacity and group differences in
body composition.

4 Discussion

The results of this study confirm GDM as an important risk factor
for MetS; however, it also highlights that it does not equally impact
over the distinct diagnostic criteria. Specifically, elevated WC did not
represent a MetS risk factor in these women. In contrast, body
composition, specifically, high fat mass and low muscle content and
function, showed a strong association with the presence of
MetS. Therefore, the findings of this study show that assessment of
body composition, particularly adiposity, emerges as an important
complementary tool to anthropometric parameters in the detection of
MetS in postpartum women.

GDM represents one of the most prevalent metabolic
complications during pregnancy, and it is associated with multiple
maternal and perinatal risk factors (43, 44). Consistent with the
literature (45), in the present study, advanced maternal age was
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TABLE 4 Anthropometric and body composition parameters stratified by

Metabolic Syndrome at 6 years Postpartum (Mean + SD).

No MetS MetS p-
(n =501) (n =103) value

Age (years) 39.90 +5.29 42.28 +4.76 0.001
Weight (kg) 62.38 £9.57 7891 £11.14 0.001
WHItR 0.47 £0.05 0.58 +0.06 0.001
WHIR risk n (%) 134 (26.5) 92 (90.2) 0.001
FM (kg) 21.53 £ 6.66 33.97+7.85 0.001

(%) 33.84+6.19 42.51 £5.31 0.001
FMI (kg/m?) 8.18 +2.54 13.16 £3.04 0.001
Visceral fat (L) 1.00 £ 0.55 1.97 £0.69 0.001
FFM (kg) 40.92 £4.26 44.52 +4.32 0.001
FFMI (kg/m?) 15.68 + 1.31 17.52 £ 1.58 0.001
FM/FFM 0.52+0.14 0.76 £0.15 0.001
SMM (kg) 17.80 +2.04 19.13 £2.22 0.001
SMMI (kg/m?) 6.74 + 0.63 7.39+£0.82 0.001
SMM/weight (%) 28.90 £3.51 24.38 £2.35 0.001
ASM (kg) 14.62 + 1.63 16.82+1.9 0.001
ASMI (kg/m?) 5.54 +0.52 6.5+ 0.68 0.001
ASM/BMI 0.62 £0.07 0.54 +0.06 0.001
TBW L) 30.41 + 3.34 3331+3.22 0.001

(%) 48.85 £ 4.35 42.72 £ 3.66 0.001
ECW (L) 1345+ 1.5 14.76 £ 1.28 0.001
ECW/TBW 0.45 £ 0.02 0.45 +0.02 0.895
Phase angle (©) 5.00 £ 0.47 529 +0.53 0.001
PhA/BMI 0.21 £0.03 0.17 £ 0.03 0.001
Resistance (ohm) 687.68 +70.16 620.23 +71.25 0.001
Reactance (ohm) 60.15+ 7.1 57.37 £6.99 0.001
HGS (kg) 2799 £4.79 27.6+4.8 0.457
HGS/BMI 1.19+0.25 0.90 £ 0.20 0.001

MetS, Metabolic Syndrome; FM, Fat Mass; FEM, Fat Free Mass; WHtR, waist-to-height ratio;
SMM, Skeletal muscle mass; SMMI, Skeletal muscle mass index; SMI, Skeletal muscle index;
ASM, Appendicular skeletal muscle mass; ASMI, Appendicular skeletal muscle mass index;
TBW, Total Body Water; ECW, extracellular water; TBW, total body water; HGS, Handgrip
strength.

higher in women who were later diagnosed with GDM. Likewise,
pregestational body weight and BMI were significantly higher,
with a higher proportion of GDM women with BMI > 25 kg/m”.
This association reinforces the evidence that a high pregestational
body mass is determinant in the pathogenesis of GDM (44, 46).
In this regard, some authors have shown that a high prepregnancy
BMI represents an even stronger risk factor than advanced
maternal age for the development of GDM (47). Weight gain
towards the end of the pregnancy was lower in women with GDM,
which was expected due to the tight monitoring of weight in
women with prepregnancy overweight, highly prevalent in these
women. Therefore, from the beginning of pregnancy, excess
weight determines metabolic changes.

After 6 years postpartum, data indicate a significantly higher
prevalence of MetS among women with a prior diagnosis of
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GDM. These women exhibited a two-fold increased risk of
developing MetS, although this risk estimate is somewhat lower
than that reported in a recent meta-analysis, which found a three-
fold increase (48). This finding reinforces the evidence that GDM is
a strong predictor of future metabolic dysfunction (48-51).
Nonetheless, the findings of the present study indicate that the
association is not uniform across the different diagnostic criteria for
MetS. In women with prior diagnosis of GDM, an increased WC
did not emerge as an independent risk factor for MetS and exhibited
values comparable to those of normoglycemic counterparts. This is
particularly relevant because, although there is no mandatory
criterion for the diagnosis of MetS, WC measurement is still
recommended as a preliminary screening tool (22). Other
anthropometric parameters linked to cardiometabolic risk, as
elevated BMI and WHIR, or even body weight, were likewise
unaffected by prior diagnosis of GDM. This suggests that the
evaluation of body composition may provide a more accurate
assessment of MetS risk relative to conventional anthropometric
parameters, despite the discriminatory capability of central
adiposity measures in detecting cardiometabolic risk (52-54). In
this context, an expanding amount of evidence indicates that a
precise characterization of the body distribution, rather than
isolated anthropometric parameters, is essential to better
understand and assess of health status (55-58).

At 6 years postpartum, body composition parameters did not
differ significantly between women with a history of GDM and
those without. This finding suggests that pregnancy itself-
particularly when accompanied by greater gestational weight gain
and continued weight gain over time, as observed among women
who did not develop GDM-may induce hormonal, inflammatory,
and/or metabolic alterations that persist long-term (59-61). This
could explain the convergence in body composition parameters
in these women over time, irrespective of GDM diagnosis during
pregnancy. In contrast, when stratified by the presence of MetS,
notable differences were observed. Consistent with findings from
previous studies (62, 63), women who met the diagnostic criteria
for MetS at 6 years postpartum exhibited significantly less
favorable body composition parameters compared to those
without MetS. This condition was marked by increased adiposity,
both in absolute terms (FM and visceral fat)-the latter
approximately twice in individuals with MetS-and in adjusted
measures (FMI and FM/FFM). These findings were supported by
a lower hydration status relative to body weight (TBW, %),
suggesting a higher adipose tissue proportion. Absolute
estimators of muscle mass such as SMM and ASM, also including
FFM, were higher in women with MetS, likely as consequence of
greater overall body weight. These findings are in line with
previous reports that have documented similar associations
between increased muscle mass parameters and MetS in female
populations (64). However, several studies have indicated that
muscle mass parameters adjusted for body size provide more
risk  (65-68).
Consistently, women with MetS exhibited lower SMM/weight and
ASM/BMI, as well as reduced functional performance (HGS/
BMI) and compromised cellular health (PhA/BMI) when these
were normalized for body size. Resistance and reactance were

accurate information of cardiometabolic

significantly lower in MetS, possibly due to higher FM and a
lower cell integrity (69). These body composition alterations
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TABLE 5 Diagnostic performance of body composition parameters to discriminate metabolic syndrome.

AUC [95% Youden Cut-off = Sensitivity (%)  Specificity (%) PPV (%) NPV (%)
Cl] index

FM (kg) 0.89 [0.85-0.92] 0.602 26.43 81 80 45 95

(%) 0.86 [0.82-0.90] 0.575 37.15 89 69 38 97
FMI (kg/m?) 0.90 [0.87-0.93] 0.650 9.53 91 74 42 98
Visceral fat (L) 0.86 [0.82-0.90] 0.582 1.45 80 78 41 95
FFM (kg) 0.73 [0.68-0.78] 0.364 4091 82 54 27 94
FFM intex (kg/m?) 0.83 [0.79-0.87] 0.519 16.89 70 83 46 93
FM/FFM ratio 0.87 [0.83-0.90] 0.581 0.593 88 70 37 97
SMM (kg) 0.68 [0.62-0.73] 0.277 18.01 71 57 26 90
SMMI (kg/m?) 0.73 [0.67-0.78] 0.347 7.25 52 82 36 89
SMM/weight (%) 0.87 [0.83-0.90] 0.593 27.01 71 89 39 96
ASM (kg) 0.82 [0.77-0.86] 0.492 15.78 70 80 4 93
ASMI (kg/m?) 0.88 [0.84-0.91] 0.634 5.97 82 82 49 96
ASM/BMI 0.78 [0.74-0.83] 0.445 0.603 87 58 30 95
Total body water (L) 0.74 [0.69-0.79] 0.381 30.75 81 57 28 94
Total body water (%) 0.86 [0.82-0.90] 0.566 44.95 75 82 47 94
Extracellular water (L) 0.76 [0.70-0.82] 0.480 13.85 80 68 30 95
Phase angle °) 0.67 [0.61-0.73] 0.292 5.05 74 56 9 74
PhA/BMI 0.85[0.81-0.89] 0.585 0.184 83 75 6 52
Resistance (ohm) 0.75 [0.70-0.80] 0.388 643.65 66 74 35 91
Reactance (ohm) 0.62 [0.56-0.68] 0.219 58.25 61 61 25 88

FM, fat mass; FFM, Fat Free Mass; SMM, Skeletal muscle mass; SMMI, Skeletal muscle mass index; ASM, Appendicular skeletal muscle mass; ASMI, Appendicular skeletal muscle mass index;

Model vs. no MetS (values above the cut-off point indicate reduced risk of MetS).

suggest a heightened metabolic and functional risk that may not
be
anthropometric parameters (70).

apparent when relying exclusively on conventional

These findings provided a rationale for the development of
predictive models to assess the potential usefulness of body
composition parameters in the identification of MetS and, for the
first time, the establishment of specific cut-off values for their
identification. In this context, adipose compartments mainly FM,
visceral fat, FMI and FM/FFM, had an excellent diagnostic capacity
for MetS (AUC > 85%). FMI and FM (kg) exhibit also an adequate
balance between sensitivity and specificity, supporting their
potential utility in the development of predictive models or
screening algorithms of MetS. The identified cut-off values for the
different body composition parameters were also quite similar to
those established for other clinical conditions, such as obesity
(FM > 39%) (71) or sarcopenia-reduced muscle mass (SMM/
Weight < 27.6%) (33), low muscle mass (ASM < 15 kg; ASMI <
5.5 kg/m?) (72)-demonstrating consistency in the data found.

Nevertheless, from a clinical perspective, the low PPV observed
reflects a substantial rate of false-positive results following test
administration. These findings are consistent with the low prevalence
of MetS in the population (17%), a factor that adversely affects PPV,
even when test sensitivity and specificity are high (73, 74). In return,
the post-test results revealed a high NPV, indicating that, in clinical
practice, these diagnostic tests are particularly effective for dismissing
the presence of MetS in postpartum women when test results
are negative.
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The present findings represent a significant step forward in the
clinical application of body composition analysis, as they have
allowed, for the first time, the definition of specific cut-off values
for identifying individuals at risk of MetS. These cut-offs not only
enhance the understanding of the pathophysiological link between
altered body composition and MetS, but also provide a robust basis
for the development of predictive models. Such models may
improve the diagnostic accuracy and clinical utility of body
composition parameters, highlighting their potential as accessible,
non-invasive screening tools for early detection and risk
stratification in routine clinical practice. This highlights their utility
not only for identifying individuals at risk, but also for reassuring
those unlikely to be affected, thus optimizing resource allocation
and follow-up strategies in clinical settings.

This study has some limitations that merit consideration. Its
cross-sectional design limits the ability to establish causal
relationships between body composition indicators and the
presence of MetS. Although BIA was used for its accessibility and
non-invasive nature, it is less precise than reference methods such
as DXA or MRI, particularly in individuals with an altered
hydration status or high adiposity. Furthermore, the proposed
cut-off points have not been validated in external cohorts, which
may limit their generalizability and may restrict their applicability
to other populations. Lastly, the influence of potential confounding
variables, such as physical activity, dietary patterns, and
comorbidities, was not fully addressed, potentially affecting the
observed associations.
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5 Conclusion

This study confirms GDM as a significant long-term risk factor
for MetS in postpartum women. However, the association is not
uniform across diagnostic criteria, with WC showing limited
discriminative value. In contrast, body composition, particularly
increased adiposity and reduced relative muscle mass and
function, showed a stronger association with MetS. These results
underscore the added clinical value of body composition
assessment over conventional anthropometric measures.
Additionally, the proposed cut-off values for key parameters
demonstrated strong diagnostic performance, especially for
fat-related indices. Although positive predictive value was limited
by the low MetS prevalence, the high NPV supports its utility in
excluding MetS. Overall, body composition analysis emerges as a
valuable complementary tool for improving cardiometabolic risk

assessment in postpartum care.
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