¥

D
¥

Tl ]
g nutrients

Article

Predictors of Cardiometabolic Health a Few Months Postpartum
in Women Who Had Developed Gestational Diabetes

Cristina G6mez Fernandez 12

Kypros H. Nicolaides 1-4*

check for
updates

Academic Editor: Clive J. Petry

Received: 21 December 2024
Revised: 18 January 2025
Accepted: 20 January 2025
Published: 22 January 2025

Citation: Gomez Fernandez, C.;
Golubic, R.; Mitsigiorgi, R.;
Mansukhani, T.; Car, J.; Nicolaides,
K.H. Predictors of Cardiometabolic
Health a Few Months Postpartum in
Women Who Had Developed
Gestational Diabetes. Nutrients 2025,
17,390. https://doi.org/10.3390/
nul7030390

Copyright: © 2025 by the authors.
Licensee MDP], Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license

(https:/ / creativecommons.org/
licenses /by /4.0/).

, Rajna Golubic 300, Rea Mitsigiorgi 1 Tanvi Mansukhani 1, Josip Car 4 and

1 Harris Birthright Research Centre for Fetal Medicine, King’s College, London SE5 8BB, UK;
c.gomezfernandez@nhs.net (C.G.F.); rea.mitsigiorgi@nhs.net (R.M.); tanvi.mansukhani@nhs.net (T.M.)
Faculty of Medicine, Complutense University of Madrid, 28040 Madrid, Spain

3 Oxford Centre for Diabetes, Endocrinology and Metabolism, Oxford OX3 9DU, UK;
rajna.golubic@dtu.ox.ac.uk

Department of Women and Children’s Health, School of Life Course and Population Sciences, King’s College
London, London SE5 8BB, UK; josip.car@kcl.ac.uk

*  Correspondence: kypros@fetalmedicine.com

Abstract: Background: To assess the incidence of dysglycaemia and metabolic syndrome
and factors associated with them 5 months postpartum in women with gestational dia-
betes mellitus (GDM) in their last pregnancy. Methods: We conducted an observational
prospective cohort study in 558 women with previous GDM who attended a 5-month
postpartum follow-up clinic. Backward elimination was performed to select significant
factors for the multivariable logistic regression model. Dysglycaemia (prediabetes and
type 2 diabetes (T2D)) and metabolic syndrome were used as outcomes in separate models.
Results: Dysglycaemia was diagnosed in 202 (36.2%) women, including 174 (31.2%) with
prediabetes and 28 (5.0%) with T2D. Women with dysglycaemia, compared with those
with normoglycaemia, were more likely to be of black ethnicity (33.2 vs. 20.5%) and have
severe GDM (31.7 vs. 16%), a higher postpartum BMI (29.5 vs. 27.6 kg/m?), and metabolic
syndrome (20 vs. 7%). Multivariable logistic regression analysis showed that significant
predictors of dysglycaemia were black (OR 2.09; 95% CI: 1.27-3.46) and mixed ethnicity
(OR 3.05; 95% CI: 1.26-7.42), diagnosis of GDM before 24 weeks gestation (OR 3.05, 95% CI:
1.90—4.91), and treatment of GDM with metformin (OR 1.63; 95% CI: 1.05-2.55) or insulin
(OR 2.08; 95% ClI: 1.14-3.79) rather than diet alone. Significant predictors of metabolic
syndrome were postpartum maternal BMI (OR 5.49; 95% CI: 2.60-11.59) and absence of
breastfeeding (OR 2.14; 95% CI: 1.21-3.77). Conclusions: At 5 months postpartum, a high
proportion of women who developed GDM showed evidence of dysglycaemia. Future
studies should investigate interventions that could reduce the risk of short- and long-term
consequences of suboptimal cardiometabolic health in such women.

Keywords: dysglycaemia; gestational diabetes; metabolic syndrome; postpartum clinic

1. Introduction

Gestational diabetes mellitus (GDM), defined as impaired glucose tolerance first
diagnosed during pregnancy [1], has a global prevalence of 14% [2]. Shortly after delivery,
glucose homeostasis is restored to non-pregnancy levels, but women who suffer from GDM
during pregnancy have a ten-fold higher risk of future dysglycaemia (defined as having
prediabetes or type 2 diabetes (T2D)) compared with women with normoglycaemia in
pregnancy [3]. Dysglycaemia has been reported to be as high as 26% in the postpartum
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period [4]. This increased risk is most pronounced in the first five years postpartum [5].
Additionally, women who developed GDM have a 2.3-fold increase in cardiovascular events
in the first decade postpartum [6]. Given the highest risk of T2D is 5 years postpartum,
women with previous GDM tend to develop T2D relatively early in their lives. This, in
turn, means a longer duration of T2D and a higher lifetime risk of cardiovascular disease
and associated complications [7].

According to current clinical practice guidance, women who have GDM are advised
to assess fasting plasma glucose or glycated haemoglobin Alc (HbAlc) at 4 to 12 weeks
postpartum [8-11]. However, the reported rates of attendance for such follow-up are low,
ranging from 23% to 58% [12]. Furthermore, there is no consensus on long-term follow-up
or whether the assessment of other cardiometabolic risk factors should be introduced.
In our centre, we have established a routine 5-month follow-up clinic for women who
developed GDM, with the aim of monitoring their cardiometabolic health and postnatal
outcomes longitudinally.

The objectives of this study were to quantify the incidence of dysglycaemia and
metabolic syndrome in the postnatal clinic and determine their predictors.

2. Materials and Methods
2.1. Study Design and Participants

At the Foetal Medicine Unit of the King’s College Hospital, London, women attend
routine foetal ultrasound examinations at 12, 20, and 36 weeks of gestation. Data on preg-
nancy outcomes are collected from hospital maternity records or from general practitioners
providing primary care for the women. Every woman who developed GDM was asked to
attend a postnatal clinic.

During a 12-month period (September 2023 to August 2024), we invited all 704 women
who developed GDM to attend this postnatal clinic and 558 (79.3%) did so at a median of
5.0 (IQR 4.4-7.0) months after delivery. Women gave written informed consent to participate
in the study, which was approved by the National Health Service (NHS) Research Ethics
Committee (reference 18/NI/0013; Integrated Research Application System ID 237936).

At the postnatal visit, we recorded maternal demographic characteristics, obstetric
and medical history (age, self-reported ethnicity, family history of DM, medications related
to increased risk of hyperglycaemia and/or antihypertensive medication, gravidity, parity,
method of conception, GDM in previous pregnancy, body mass index (BMI) at 11-13 and
36 weeks gestation), and details of pregnancy outcome (gestational age at diagnosis of
GDM, treatment required for GDM control, gestational age at delivery, birthweight and
birthweight centile at delivery). Additionally, we measured the weight (kg) and height
(m) of the women and calculated their BMI, systolic and diastolic blood pressure (mmHg),
and upper arm and waist circumference (cm). We performed a 75 g oral glucose tolerance
test (OGTT) and obtained venous blood for measurement of HbAlc (mmol/mol), serum
triglycerides (mmol/L), and serum high-density lipoprotein cholesterol (mmol/L). OGTT
was performed in accordance with the WHO guidelines using a glucose load containing
the equivalent of 75 g of anhydrous glucose dissolved in water. All laboratory assays were
performed according to standard operating procedures.

2.2. Outcome Measures

The outcome measures were dysglycaemia and metabolic syndrome. Dysglycaemia
was defined as having prediabetes or diabetes. Prediabetes was defined according to the cri-
teria of the National Institute for Health and Care Excellence (NICE) [13] as HbA1lc between
42 and 47 mmol/mol or fasting plasma glucose between 5.5 and 6.9 mmol/L or impaired
glucose tolerance (2 h blood glucose during OGTT) between 7.8 and 11 mmol/L. T2D was
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defined using the World Health Organization criteria as HbAlc >48 mmol/mol or fasting
plasma glucose >7.0 mmol/L or 2 h blood glucose during OGTT of >11.1 mmol/L or ran-
dom plasma glucose is >11.1 mmol/L in a patient with symptoms of hyperglycaemia [14].
Fasting was defined as no caloric intake for at least 8 h.

Metabolic syndrome was diagnosed if at least 3 of the 5 following criteria were ful-
filled [15]: central obesity defined as waist circumference >88 cm, serum triglycerides
>1.7 mmol/L or use of triglyceride-lowering treatment, serum high-density lipopro-
tein cholesterol <1.3 mmol/L or use of cholesterol-lowering treatment, blood pressure
>130/85 mmHg or antihypertensive treatment, and fasting plasma glucose >5.5 mmol/L.
Ethnicity-specific criteria were applied.

2.3. Statistical Analysis

Quantitative variables were presented as mean and standard deviation (SD) or me-
dian and interquartile range (IQR) if there was a departure from a normal distribution.
Continuous variables were compared between normoglycemic women and those with
dysglycaemia using the Student’s t-test or median test. Differences in the frequencies of
categorical variables between those with normoglycaemia and dysglycaemia were tested
using the chi-square test. Quantitative variables were categorised by the median value of
the whole cohort.

Backward multivariable logistic regression was performed to assess which factors
were predictive of dysglycaemia and metabolic syndrome (outcomes in separate models).
Prior to the regression analysis, continuous variables, such as age and BMI, were centred by
subtracting the median from each value. In the first step, univariate analysis was performed,
including maternal demographic characteristics, variables from the medical history and
pregnancy outcome, breastfeeding, and use of medications associated with an increased
risk of diabetes. In the second step, multivariate logistic regression was carried out using
the variables with p < 0.1 in the univariate analysis. The relative effect of each variable
was calculated as odds ratio (OR) and its 95% confidence interval (95% CI). The calibration
of the model was evaluated by the Hosmer-Lemeshow test and its discrimination by
receiver operating characteristic (ROC) curves. We conducted sensitivity analyses using
the definition of prediabetes according to the American Diabetes Association (ADA) [1].

All statistical tests were two-sided, and p < 0.05 was considered statistically significant.
The statistical software SPSS ver.29 was used for the analyses.

3. Results

The characteristics of the study population are summarised in Table 1 and Table
S1. After a median postpartum follow-up of 5 months, dysglycaemia was diagnosed in
202 (36.2%) of the 558 participants, including 174 (31.2%) with prediabetes and 28 (5.0%)
with T2D. In women with dysglycaemia, compared to the normoglycaemic group, there
was a higher prevalence of the following characteristics: black ethnicity (33.2% vs. 20.5%),
GDM in a previous pregnancy (40.2% vs. 23.9%), use of insulin for the treatment of GDM
(31.7% vs. 16%), diagnosis of GDM at <24 weeks gestation (36.5% vs. 11.7%), and higher
BMI at the postnatal visit (29.5 kg/m?; IQR 24.8-34.3 vs. 27.6 kg/m?; IQR 23.6-31.6). The
median birthweight percentile of the neonates of women with dysglycaemia tended to be
lower compared to the neonates of normoglycaemic women (39.6 (IQR 20.6-71.0) vs. 56.1
(IQR 22.5-76.4)).
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Table 1. Baseline characteristics of the study population.
wls naselsan nomsaeay Pvalve
Demographic characteristics
Age (years) * 35.6 (32-38.2) 35.4 (32-38.1) 35.8 (32.0-38.3) 0.290
Ethnicity <0.001
White 244 (43.7) 180 (50.6) 64 (31.7)
Black 140 (25.1) 73 (20.5) 67 (33.2)
South Asian 99 (17.7) 61 (17.1) 38 (18.8)
East Asian 48 (8.6) 29 (8.1) 19 (9.4)
More than one 27 (4.8) 13 (3.7) 14 (6.9)
First or second-degree family history of diabetes 276 (49.5) 169 (47.5) 107 (53) 0.384
Parity 0.083
Nulliparous 234 (41.9) 159 (44.7) 75 (37.1)
Parous 324 (58.1) 197 (55.3) 127 (62.9)
Parous with previous GDM 92 (28.4) 47 (23.9) 51 (40.2) 0.001
Method of conception 0.404
Spontaneous 495 (88.7) 311 (87.4) 184 (91.1)
Ovulation induction 4(0.7) 3(0.8) 1(0.5)
In vitro fertilisation 59 (10.6) 42 (11.8) 17 (8.4)
BMI at 11-13 weeks gestation (kg/m?) 279 (23.8-33.0)  27.6(23.5-32.5)  28.9 (24.3-34.3) 0.053
BMI at 36 weeks (kg/m?) 31.0 (27.2-35.2) 309 (27.0-34.6)  31.6 (27.5-36.4) 0.361
Pregnancy outcome
Gestational age at delivery (weeks) 39.0 (38.3-39.6)  39.1(38.4-39.7) 38.9 (38.0-39.4) 0.025
Birthweight percentile 49.6 (21.1-74.8)  56.1 (22.5-76.4) 39.6 (20.6-71.0) 0.001
Treatment of GDM <0.001
Diet 209 (37.5) 161 (45.2) 48 (23.8)
Metformin 228 (40.9) 138 (38.8) 90 (44.6)
Insulin (+/— metformin) 121 (21.7) 57 (16) 64 (31.7)
Gestational age at diagnosis of GDM <0.001
<24 weeks 113 (20.7) 41 (11.7) 72 (36.5)
>24 weeks 433 (79.3) 308 (88.3) 125 (63.5)
Postnatal visit
Body mass index (kg/m?) 282 (24.0-32.8)  27.6(23.6-31.6)  29.5(24.8-34.3)  0.007
Antihypertensive medication 7 (1.3) 2 (0.6) 5(2.5) 0.059
Medications associated with an increased risk 19 (3.4) 12 (3.4) 7 (3.5) 0.953

of hyperglycaemia *

Quantitative variables expressed as median and IQR (p25-p75). Qualitative variables expressed as number of
cases (%). * Medications associated with increased risk of hyperglycaemia were systemic glucocorticoids, selective
serotonin reuptake inhibitors, antipsychotics, and antiretrovirals.

The median (IQR) values for the components of metabolic syndrome are shown in
Table 2. The criteria for metabolic syndrome were fulfilled by 67 (12.0%) of 558 women,
including 26 (7.3%) in the normoglycaemia and 41 (20.3%) in the dysglycaemia groups
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(Table 2). In the dysglycaemia group, there was a significantly higher prevalence of central
obesity (67.3% vs. 53.9%), plasma triglycerides >1.7 mmol/L or triglyceride-lowering
treatment (18.8% vs. 8.7%), and fasting plasma glucose >5.5 mmol/L (21.8% vs. 0%).
Additionally, compared to the normoglycaemic group, women in the dysglycaemia group
had significantly higher systolic blood pressure (117.5 mmHg vs. 115.1 mmHg), HbAlc
concentration (42 mmol/mol; IQR 3844 vs. 37 mmol/mol; IQR 35-39), and 2 h plasma
glucose level after a 75 g OGTT (7.1 mmol/L; IQR 5.8-8.5 vs. 5.5 mmol/L; IQR 4.7-6.2).
The predictors of dysglycaemia and metabolic syndrome from the logistic regression
analysis are shown in Tables 3 and 4, respectively. Regarding dysglycaemia (Table 3), of
the considered variables from the univariate analysis (ethnicity, GDM in previous preg-
nancy, gestational age at delivery, birthweight percentile, treatment required for GDM,
gestational age at diagnosis of GDM, BMI at the postnatal visit, waist circumference, central
obesity > 88 cm, serum triglycerides > 1.7 mmol/L or triglyceride-lowering treatment,
serum HDL-cholesterol, and blood pressure >130/85 mmHg or antihypertensive treat-
ment), predictors of dysglycaemia were black (OR 2.09; 95% CI: 1.27-3.46) and more
than one ethnicity (OR 3.05; 95% CI: 1.26-7.42), diagnosis of GDM at <24 weeks ges-
tation (OR 3.05, 95% CI: 1.90-4.91), need for metformin (OR 1.63; 95% CI: 1.05-2.55) or
insulin (OR 2.08; 95% CI: 1.14-3.79) for glycaemic control of GDM, birthweight per-
centile (OR 1.96; 95% CI: 1.30-2.95), and serum triglycerides (mmol/L) > 1.7 mmol/L
or triglyceride-lowering treatment (OR 2.29; 95% CI: 1.29-4.07). Early gestational age at di-
agnosis (<24 weeks as defined at the first summit discussing gestational diabetes diagnosed
early in pregnancy [16]) was a risk factor for dysglycaemia (OR 3.05; 95% CI: 1.90-4.91).

Table 2. Components for the diagnosis of metabolic syndrome in women with normoglycaemia

and dysglycaemia.

. =A15158 Norn;ogl;fscgemla Dys}iglz;g;mla p-Value
Metabolic syndrome 67 (12.0) 26 (7.3) 41 (20.3) <0.001
Waist circumference (cm) 91.3 (82-101) 89 (82-98.6) 95.8 (83.7-104.8) <0.001
Central obesity > 88 cm 328 (58.8) 192 (53.9) 136 (67.3) 0.004
Serum triglycerides (mmol/L) 0.9 (0.6-1.3) 0.8 (0.6-1.2) 0.9 (0.7-1.4) 0.002
triglycerizdlefl::‘tvrzzilr/}g (t’;eatment 69 (124) 31(8.7) 38 (18.8) 0.001
Serum HDL-Cholesterol (mmol /L) 1.5 (1.3-1.8) 1.5 (1.3-1.9) 1.5(1.2-1.7) 0.067
<1.3 mmol/L or cholesterol-lowering treatment 127 (22.8) 74 (20.8) 53 (26.2) 0.147
Systolic blood pressure (mmHg) 116.5 (109.8-123.6)  115.1 (108.8-123.5)  117.5 (111.0-124.3) 0.021
Diastolic blood pressure (mmHg) 74.3 (69.3-79.8) 73.6 (68.1-79.2) 74.8 (70.4-80.8) 0.087
B1o:stf;;;ij::nilvioﬁf;tﬁgf or 97 (17.4) 54 (15.2) 43 (21.3) 0.076
Fasting plasma glucose (mmol/L) 4.5 (4.2-4.9) 4.5 (4.2-4.8) 4.8 (4.4-5.3) <0.001
>5.5 mmol/L 44 (7.9) 0 (0) 44 (21.8) <0.001
75 g OGTT: plasma glucose at 120 min (mmol/L) 5.9 (4.9-7.0) 5.5 (4.7-6.2) 7.1 (5.8-8.5) <0.001
Haemoglobin Alc (mmol/mol) 38 (36—41) 37 (35-39) 42 (38—-44) <0.001

Quantitative variables expressed as median and IQR (p25-p75). Qualitative variables expressed as number of

cases (%). Ethnicity-specific cut-offs were used [17].
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Table 3. Predictors of dysglycaemia.
Univariable Multivariable
Predictor OR (95% CI) p-Value OR (95% CI) p-Value
Demographic characteristics
Age >36 years 1.12 (0.79-1.58) 0.525
Ethnicity
White (reference) 1.00
Black 2.58 (1.67-4.00) <0.001 2.09 (1.27-3.46) 0.004
South Asian 1.75 (1.07-2.88) 0.027 1.43 (0.82-2.49) 0.204
East Asian 1.84 (0.97-3.51) 0.063 1.86 (0.87-3.91) 0.101
Mixed 3.03 (1.35-6.79) 0.007 3.05 (1.26-7.42) 0.014
First or second-degree famil.y higtory of diabetes (reference: 125 (0.88-1.76) 0212
no family history)
Parity
Parous (reference: nulliparous) 1.07 (0.73-1.59) 0.719
Previous GDM (reference: parous without previous GDM) 2.30 (1.42-3.73) <0.001
Method of conception
Spontaneous (reference) 1.00
Ovulation induction 0.56 (0.06-5.46) 0.620
In vitro fertilisation 0.68 (0.38-1.24) 0.209
BMI at 11-13 weeks gestation >28 kg/m2 1.41 (1.00-2.00) 0.051
BMI at 36 weeks >31 kg/m2 1.19 (0.84-1.68) 0.329
Pregnancy outcome
Gestational age at delivery >39 weeks 1.56 (1.10-2.21) 0.012
Birthweight percentile >50 percentile 1.92 (1.35-2.74) <0.001 1.96 (1.30-2.95) 0.001
Treatment of GDM
Diet (reference) 1.00 0.030
Metformin 2.40 (1.60-3.59) <0.001 1.63 (1.05-2.55) 0.031
Insulin (+/— metformin) 3.60 (2.11-6.14) <0.001 2.08 (1.14-3.79) 0.018
Gestational age at diagnosis of GDM <24 weeks 4.33 (2.80-6.69) <0.001 3.05 (1.90-4.91) <0.001
Postnatal visit
Postnatal BMI >28 kg/m? 1.68 (1.19-2.39) 0.004
Breastfeeding (reference: yes) 1.10 (0.77-1.56) 0.612
Antihypertensive medication (reference: no) 4.49 (0.86-23.37) 0.074
Medications associated with an increased risk of diabetes 1.03 (0.40-2.66) 0.953
(reference: no)
Waist circumference >91 cm 1.85 (1.30-2.64) <0.001 1.52 (0.98-2.34) 0.062
Serum triglycerides >0.9 mmol/L 1.50 (1.06-2.12) 0.023
Serum HDL-cholesterol <1.5 mmol/L 1.48 (1.04-2.09) 0.029
Systolic blood pressure >117 mmHg 1.52 (1.08-2.16) 0.017
Diastolic blood pressure >74 mmHg 1.32 (0.93-1.86) 0.120

Continuous variables were dichotomized as lower than the median and greater than or equal to the median. The
multivariable model contains only those variables which had p < 0.1 in the backward elimination.
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Table 4. Predictors of metabolic syndrome.
Univariable Multivariable
Predictor OR (95% CI) p-Value OR (95% CI) p-Value
Demographic characteristics
Age >36 years 0.88 (0.53-1.48) 0.631
Ethnicity
White (reference) 1.00 0.269
Black 0.59 (0.30-1.16) 0.128
South Asian 0.80 (0.40-1.62) 0.537
East Asian 0.26 (0.06-1.10) 0.067
Mixed 1.00 (0.33-3.06) >0.999
First or second-degree famil'y history of diabetes (reference: 1.82 (1.07-3.07) 0.026 1.63 (0.91-2.90) 0.098
no family history)
Parity
Parous (reference: nulliparous) 1.31 (0.72-2.37) 0.377
Previous GDM (reference: parous without previous GDM) 2.15(1.10-4.21) 0.026
Method of conception
Spontaneous (reference) 1.00
Ovulation induction Undefined
In vitro fertilisation 0.97 (0.42-2.23) 0.937
BMI at 11-13 weeks gestation >28 kg/ m? 4.14 (2.27-7.55) <0.001
BMI at 36 weeks >31 kg/m2 3.41 (1.91-6.08) <0.001
Pregnancy outcome
Gestational age at delivery >39 weeks 1.55 (0.92-2.59) 0.099
Birthweight percentile >50 percentile 0.56 (0.33-0.96) 0.033 0.68 (0.38-1.20) 0.100
Treatment of GDM
Diet (reference) 1.00 1.00
Metformin 2.74 (1.43-5.27) 0.002 2.17 (1.06-4.42) 0.034
Insulin (+/— metformin) 2.77 (1.23-6.27) 0.014 2.10 (0.87-5.06) 0.100
Gestational age at diagnosis of GDM < 24 weeks 2.02 (1.15-3.57) 0.015
Postnatal visit
Postnatal BMI >28 kg/m? 7.35 (3.56-15.17) <0.001 5.49 (2.60-11.59) <0.001
Breastfeeding (reference: yes) 2.32 (1.38-3.89) 0.001 2.14 (1.21-3.77) 0.009
Antihypertensive medication 122 (0.14-10.25) 0.858
(reference: no)
Medications associated with an increased risk of diabetes 0.42 (0.06-3.20) 0.402
(reference: no)
75 g OGTT: plasma glucose at 120 min >5.9 mmol/L 2.03 (1.18-3.51) 0.011
Haemoglobin Alc >38 mmol/mol 1.42 (0.84-2.40) 0.193

Continuous variables were dichotomized as lower than the median and greater than or equal to the median. The
multivariable model contains only those variables which had p < 0.1 in the backward elimination.

Regarding metabolic syndrome (Table 4), BMI at 11-13 and 36 weeks of gestation and
in the postnatal visit, family history of diabetes, GDM in a previous pregnancy, birthweight
percentile, treatment of GDM, gestational age at diagnosis of GDM, breastfeeding and
75 g OGTT plasma glucose at 120 min were considered variables in the univariate analysis.
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When performing multivariate analysis, predictors of metabolic syndrome were the need
for metformin for glycaemic control of GDM (OR 2.17; 95% CI: 1.06—4.42), maternal BMI at
the postpartum visit (OR 5.49; 95% CI: 2.60-11.59), and absence of breastfeeding (OR 2.14;
95% CI: 1.21-3.77).

As shown in Table S2, we performed a sensitivity analysis using the ADA definition of
prediabetes (HbA1lc 39-48 mmol/mol). We found to be predictors for dysglycaemia black
(OR 3.71; 95% CI: 2.26-6.10), South Asian (OR 1.67; 95% CI: 1.00-2.78), and East Asian (OR
3.02; 95% CI: 1.47-6.19) ethnicities; birthweight percentile (OR 1.57; 95% CI: 1.06-2.32), and
diagnosis of GDM at <24 weeks gestation (OR 2.09; 95% CI: 1.23-3.56).

4. Discussion
4.1. Main Findings of the Study

In this large study of women from an inner-city population who had developed GDM,
follow-up at a median of 5 months postpartum showed that 36% of women had dysgly-
caemia, including 31% with prediabetes and 5% with T2D. In women with dysglycaemia,
compared to those with normoglycaemia, there was a higher prevalence of black ethnicity,
a severe form of GDM (i.e., diagnosis at <24 weeks and treatment with insulin), as well as
higher body mass index at the postnatal visit. Additionally, in the dysglycaemia group, the
prevalence of metabolic syndrome was substantially higher than in the normoglycaemic
group (20% vs. 7%, p < 0.001). In a logistic regression analysis, predictors of dysglycaemia
were black and more than one ethnicity, diagnosis of GDM at <24 weeks gestation, and need
for metformin or insulin for glycaemic control of GDM. Predictors of metabolic syndrome
were the need for insulin therapy for glycaemic control of GDM, maternal BMI at the
postpartum visit, and absence of breastfeeding.

4.2. Comparison with Previous Studies

A meta-analysis of 15 studies of postpartum assessment in 4560 women with previous
GDM reported that the incidence of dysglycaemia ranged from 9 to 63% [18]. Such a wide
range of results reflects the large differences between studies, which included from 103
to 1010 patients examined at 1 month to 20 years after delivery and used different criteria
for diagnosis of the condition. Another large meta-analysis of 20 studies [3], including a
total of 1,332,373 individuals (67,956 women with GDM and 1,264,417 controls), reported
that the relative risk of T2D in women with previous GDM vs. controls with no GDM
history was 17.1 (95% CI: 8.95-32.55) in studies with follow-ups of 1-5 years, 10.4 (95% CI:
5.68-19.11) in those with follow-ups of between 5 and 10 years, and 8.1 (95% CI: 4.34-15.08)
in those with follow-ups of more than 10 years.

We found that women of black ethnicity had a 2-fold higher risk of developing dys-
glycaemia than white women. This is consistent with the results of a Danish nationwide
registry of 20,873 women with GDM who were followed up for a mean of 7.3 years; 10.9%
of the women developed T2D, and the risk was particularly high in-migrant women,
especially of black and South Asian ethnicity, compared to Danish women [19].

Regarding maternal characteristics, we could not find any differences in maternal age
between the groups. However, the median maternal age (35.6, IQR 32.0-38.2 years) appears
to be higher compared to other studies. As a well-known risk factor for the development
of short- and long-term complications after pregnancy, this may have an impact on the
incidence of dysglycaemia in our cohort. Other studies [20] have reported that elevated
maternal age is an independent risk factor for dysglycaemia and metabolic syndrome
postpartum. Maternal age has also been associated with foetal macrosomia.

We also noted that the prevalence of dysglycaemia was higher in women who required
insulin therapy for GDM and in those where the diagnosis of GDM was made at <24 weeks
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gestation. This is consistent with the results of previous studies, which reported that
pregnancies with early diagnosis of GDM are at greater risk of pregnancy complications
and the need for insulin treatment [21]. Additionally, the early GDM phenotype has a
higher severity and morbidity risk affecting the development of multiple foetal tissues,
with short-term and long-term consequences [22].

In our study, 20% of the patients with dysglycaemia met the criteria for metabolic
syndrome, which was substantially higher when compared to the normoglycaemic group
(7%). These results were also found by a Swiss study (1261 women divided into 1185 women
with classical GDM diagnosed between 24 and 28 weeks and 76 women with early GDM
diagnosed before 20 weeks), which showed that at 6-8 weeks postpartum, those with
early compared to late diagnosis of GDM had a more atherogenic lipid profile, a higher
prevalence of metabolic syndrome, and higher prevalence of pre-diabetes and T2D [23].
Additionally, in our cohort, women with metabolic syndrome had higher systolic blood
pressure than those with dysglycaemia (117.5 mmHg vs. 115.1 mmHg). However, although
significant, this result has no clinical relevance.

Some studies have reported logistic regression models for the prediction of dysgly-
caemia in postpartum GDM. However, the studies varied in diagnostic criteria, the interval
from delivery to follow-up, and in the predictive factors included in the analysis. A re-
cently published retrospective cohort study in Singapore of 942 patients, examined at 6 to
12 weeks after delivery, reported that the incidence of dysglycaemia was 16.7%, including
13.2% with prediabetes and 3.5% with T2DM [24]. In the dysglycaemia, compared to
the normoglycaemia group, there was a higher mean age and proportion of primiparous
women but no significant difference in ethnicity, body mass index at first visit (6 weeks
postpartum), gestational age at delivery, or birth weight. Although these results differ
from ours, this is likely to be explained by the ethnicity of women included in the study
(45.4% Chinese, 21.7% Malay, and 14.3% Indian). A meta-analysis of 39 studies, including
95,750 women diagnosed with GDM and duration of follow-up of between 6 weeks and
20 years postpartum, reported similar results to those of our cohort in terms of increased
risk of dysglycaemia in women of non-white ethnicity, early diagnosis of GDM, and use
of insulin therapy [25]. However, the study reported additional factors to be predictive
of dysglycaemia, including high BMI, family history of diabetes, advanced maternal age,
multiparity, hypertensive disorders in pregnancy, preterm birth, and diagnosis of GDM at
<24 weeks gestation.

We have previously reported that at 35-36 weeks gestation, patients with GDM, com-
pared to controls with uncomplicated pregnancies, have reduced left ventricular diastolic
and systolic functional indices; additionally, when the cardiac function of these women
was assessed at 6 months postpartum, there was a lower degree of improvement in left
ventricular myocardial relaxation and in global longitudinal systolic strain despite op-
timal glucose management during pregnancy [26]. In another study, we found that in
women with GDM examined at 2640 weeks of gestation, there was evidence of subclinical
reduction in biventricular systolic function [27].

Although we did not include echocardiographic assessment in this study, identifying
patients at risk of postpartum dysglycaemia and metabolic syndrome after GDM would
allow for evaluation of cardiac function to prevent short- and long-term consequences.
Additionally, further larger interventional studies should be carried out to understand the
implications of GDM, postpartum dysglycaemia, and cardiac remodelling.

Strategies to reduce postpartum cardio-metabolic risk in women with previous GDM
should be personalised and integrate pharmacotherapy and lifestyle modification depend-
ing on a woman'’s risk profile and co-morbidities. However, before such a multi-level and
multi-disciplinary approach is implemented in practice, further well-designed research is
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required to establish the efficacy of the combined use of pharmacotherapy and lifestyle in-
terventions and its effectiveness and cost-effectiveness in the “real world” while addressing
implementation challenges at the level of individuals and systems [28].

Pharmacotherapies investigated to prevent T2D or improve metabolic health post-
partum in women with previous GDM include metformin, pioglitazone, dapagliflozin,
and liraglutide [28]. Metformin and pioglitazone [29,30] were associated with an up to
55% decreased risk of T2D compared to standard of care over a period of up to 3 years.
Dapagliflozin with metformin or liraglutide with metformin [31,32] were significantly more
effective in improving fasting plasma glucose, lipid profile, and weight than metformin
monotherapy. Other incretin-based treatments have not yet been investigated in women
with previous GDM, and their long-term efficacy and safety have not been established in
this group.

4.3. Strengths and Weaknesses

The strengths of our study include a large sample size of an ethnically heterogeneous
population with a high proportion of women of black and South Asian ethnicity, which
are the groups with a greater risk of developing T2D and cardiometabolic disorders, thus
increasing the likelihood of our results being generalizable to these groups. Additionally, a
high response rate decreased the probability of selection bias.

Several limitations need to be considered when interpreting our findings. Firstly,
it is possible that the calculated odds ratios of dysglycaemia and metabolic syndrome
might have been underestimated, given that interventions in routine clinical practice might
have taken place (i.e., diet modification during pregnancy). Secondly, the possibility of
residual confounding due to unmeasured variables cannot be excluded. For example, we
did not assess physical activity and diet, which are the factors that play an important role in
reducing the risk of dysglycaemia and metabolic syndrome. Other potential unmeasured
factors include sleep and psychological stress. Thirdly, this was an observational study, and
causal associations cannot be inferred.

Given the ethnic composition of our sample, the findings may not be fully gener-
alizable to predominantly White women. However, our results provide evidence of the
factors associated with increased risk of dysglycaemia and metabolic syndrome in ethnic
minorities (predominantly Black women), thus calling for culturally tailored interventions
to address the modifiable risk factors. Such examples would include dietary interventions
tailored to food items consumed among ethnic groups and patterns of physical activity that
are deemed acceptable and feasible to adhere to in these subgroups of women.

5. Conclusions

A high proportion of women who had developed GDM showed evidence of dysgly-
caemia at a median postpartum follow-up of 5 months. Future studies should investigate
interventions that could potentially reduce the risk of short- and long-term consequences
of suboptimal cardiometabolic health in such women.

Supplementary Materials: The following supporting information can be downloaded at:
https:/ /www.mdpi.com/article/10.3390/nu17030390/s1, Table S1: Baseline characteristics;
Table S2: Predictors of dysglycaemia according to ADA criteria.

Author Contributions: Conceptualization, methodology, software and validation, K.H.N.; formal
analysis, C.G.F,; investigation, resources, C.G.F. and R.G.; data curation, TM., C.G.F, and RM,;
writing—original draft preparation, C.G.F. and R.G.; writing—review and editing, KH.N., C.G.E,R.G.
and J.C,; visualization, KH.N., C.G.F. and R.G.; supervision, K.H.N. and R.G.; project administration,
K.H.N.; funding acquisition, K.H.N. All authors have read and agreed to the published version of
the manuscript.


https://www.mdpi.com/article/10.3390/nu17030390/s1

Nutrients 2025, 17, 390 11 of 12

Funding: This research was funded by a grant from the Fetal Medicine Foundation (Charity num-
ber: 1037116).

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki, and approved by the National Health Service (NHS) Research Ethics Committee (reference
18/N1/0013; Integrated Research Application System ID 237936, approval date 23 April 2018, last
updated version 1.8 on the 16 October 2023).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The original contributions presented in this study are included in the
article/Supplementary Materials. Further inquiries can be directed to the corresponding author.

Conflicts of Interest: The authors declare no conflicts of interest.

References

1.

10.

11.

12.

13.

14.

15.

16.

American Diabetes Association Professional Practice Committee. 2. Classification and Diagnosis of Diabetes: Standards of
Medical Care in Diabetes—2022. Diabetes Care 2022, 45 (Suppl. 1), S17-538. [CrossRef] [PubMed]

Wang, H.; Li, N.; Chivese, T.; Werfalli, M.; Sun, H.; Yuen, L.; Hoegfeldt, C.A.; Elise Powe, C.; Immanuel, J.; IDF Diabetes Atlas
Committee Hyperglycaemia in Pregnancy Special Interest Group; et al. IDF Diabetes Atlas: Estimation of Global and Regional
Gestational Diabetes Mellitus Prevalence for 2021 by International Association of Diabetes in Pregnancy Study Group’s Criteria.
Diabetes Res. Clin. Pract. 2022, 183, 109050. [CrossRef] [PubMed]

Vounzoulaki, E.; Khunti, K.; Abner, S.C.; Tan, B.K.; Davies, M.].; Gillies, C.L. Progression to type 2 diabetes in women with a
known history of gestational diabetes: Systematic review and meta-analysis. BM] 2020, 369, m1361. [CrossRef]

Cheung, N.W.; Rhou, Y.J.J.; Immanuel, J.; Hague, W.M.; Teede, H.; Nolan, C.J.; Peek, M.].; Flack, ].R.; McLean, M.; Wong, VW.;
et al. Postpartum dysglycaemia after early gestational diabetes: Follow-up of women in the TOBOGM randomised controlled
trial. Diabetes Res. Clin. Pract. 2024, 218, 111929. [CrossRef] [PubMed]

Kim, C.; Newton, K.M.; Knopp, R.H. Gestational diabetes and the incidence of type 2 diabetes: A systematic review. Diabetes Care
2002, 25, 1862-1868. [CrossRef] [PubMed]

Kramer, C.K.; Campbell, S.; Retnakaran, R. Gestational diabetes and the risk of cardiovascular disease in women: A systematic
review and meta-analysis. Diabetologia 2019, 62, 905-914. [CrossRef] [PubMed]

Tobias, D.K; Stuart, .J.; Li, S.; Chavarro, J.; Rimm, E.B.; Rich-Edwards, J.; Hu, EB.; Manson, J.E.; Zhang, C. Association of History
of Gestational Diabetes with Long-term Cardiovascular Disease Risk in a Large Prospective Cohort of US Women. JAMA Intern.
Med. 2017, 177,1735-1742. [CrossRef]

National Institute for Health and Care Excellence. Diabetes in Pregnancy Management from Preconception to the Postnatal
Period [NICE Guideline No. 3]. 2020. Available online: https://www.nice.org.uk/guidance/ng3 (accessed on 18 August 2024).
The Expert Committee on the Diagnosis and Classification of Diabetes Mellitus. Report of the Expert Committee on the Diagnosis
and Classification of Diabetes Mellitus. Diabetes Care 1997, 20, 1183-1197. [CrossRef] [PubMed]

ACOG Practice Bulletin No. 190. ACOG Practice Bulletin No. 190 Summary: Gestational diabetes mellitus. Obstet. Gynecol. 2018,
131, 406-408. [CrossRef]

American Diabetes Association. 14. Management of diabetes in pregnancy: Standards of medical care in Diabetes-2020. Diabetes Care
2020, 43 (Suppl. 1), 183-192.

Kim, C.; Tabaei, B.P.; Burke, R.; McEwen, L.N.; Lash, R.W.; Johnson, S.L.; Schwartz, K.L.; Bernstein, S.].; Herman, W.H. Missed
opportunities for type 2 diabetes mellitus screening among women with a history of gestational diabetes mellitus. Am. J. Public
Health 2006, 96, 1643-1648. [CrossRef] [PubMed] [PubMed Central]

NICE Guideline: Type 2 Diabetes: Prevention in People at High Risk. PH 38. 2012. Available online: https://www.nice.org.uk/
guidance/ph38 (accessed on 18 August 2024).

Diagnosis and Management of Type 2 Diabetes (HEARTS-D); WHO/UCN/NCD/20.1; World Health Organization: Geneva, Switzer-
land, 2020.

Alberti, K.G.; Eckel, R.H.; Grundy, S.M.; Zimmet, P.Z.; Cleeman, ].I.; Donato, K.A.; Fruchart, J.C.; James, W.P; Loria, C.M.; Smith,
S.C., Jr. Harmonizing the metabolic syndrome: A joint interim statement of the International Diabetes Federation Task Force on
Epidemiology and Prevention; National Heart, Lung, and Blood Institute; American Heart Association; World Heart Federation;
International Atherosclerosis Society; and International Association for the Study of Obesity. Circulation 2009, 120, 1640-1645.
Sweeting, A.; MacMillan, F.; Simmons, D.; TOBOGM Summit attendees. The first International Association of Diabetes and
Pregnancy Study Groups summit on the diagnosis of gestational diabetes in early pregnancy: TOBOGM Summit Report. Aust. N.
Z. ]. Obstet. Gynaecol. 2024, 64, 519-523. [CrossRef] [PubMed]


https://doi.org/10.2337/dc22-S002
https://www.ncbi.nlm.nih.gov/pubmed/34964875
https://doi.org/10.1016/j.diabres.2021.109050
https://www.ncbi.nlm.nih.gov/pubmed/34883186
https://doi.org/10.1136/bmj.m1361
https://doi.org/10.1016/j.diabres.2024.111929
https://www.ncbi.nlm.nih.gov/pubmed/39536979
https://doi.org/10.2337/diacare.25.10.1862
https://www.ncbi.nlm.nih.gov/pubmed/12351492
https://doi.org/10.1007/s00125-019-4840-2
https://www.ncbi.nlm.nih.gov/pubmed/30843102
https://doi.org/10.1001/jamainternmed.2017.2790
https://www.nice.org.uk/guidance/ng3
https://doi.org/10.2337/diacare.20.7.1183
https://www.ncbi.nlm.nih.gov/pubmed/9203460
https://doi.org/10.1097/AOG.0000000000002498
https://doi.org/10.2105/AJPH.2005.065722
https://www.ncbi.nlm.nih.gov/pubmed/16873752
https://pmc.ncbi.nlm.nih.gov/articles/PMC1551944
https://www.nice.org.uk/guidance/ph38
https://www.nice.org.uk/guidance/ph38
https://doi.org/10.1111/ajo.13823
https://www.ncbi.nlm.nih.gov/pubmed/38634525

Nutrients 2025, 17, 390 12 of 12

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Caleyachetty, R.; Barber, T.M.; Mohammed, N.I.; Cappuccio, FP,; Hardy, R.; Mathur, R.; Banerjee, A.; Gill, P. Ethnicity-specific
BMI cutoffs for obesity based on type 2 diabetes risk in England: A population-based cohort study. Lancet Diabetes Endocrinol.
2021, 9, 419-426, Erratum in: Lancet Diabetes Endocrinol. 2021, 9, e2. [CrossRef] [PubMed] [PubMed Central]

Belsti, Y.; Moran, L.; Handiso, D.W.; Versace, V.; Goldstein, R.; Mousa, A.; Teede, H.; Enticott, ]. Models Predicting Postpartum
Glucose Intolerance Among Women with a History of Gestational Diabetes Mellitus: A Systematic Review. Curr. Diabetes Rep.
2023, 23, 231-243. [CrossRef] [PubMed] [PubMed Central]

Nielsen, H.; Windolf-Nielsen, A.; Scheuer, S.H.; Damm, P.; Nybo Andersen, A.M.; Andersen, G.S.; Kragelund Nielsen, K. Type
2 diabetes risk after gestational diabetes according to country/region of origin. A nationwide register-based study. J. Clin.
Endocrinol. Metab. 2024, 109, €2196—2204. [CrossRef] [PubMed]

Chen, L.W,; Soh, S.E.; Tint, M.T,; Loy, S.L.; Yap, F,; Tan, K.H.; Lee, Y.S.; Shek, L.P.C.; Godfrey, KM.; Gluckman, PD,; et al.
Combined analysis of gestational diabetes and maternal weight status from pre-pregnancy through post-delivery in future
development of type 2 diabetes. Sci. Rep. 2021, 11, 5021. [CrossRef]

Hannah, W.; Bhavadharini, B.; Beks, H.; Deepa, M.; Anjana, R.M.; Uma, R.; Martin, E.; McNamara, K.; Versace, V.; Saravanan,
P; et al. Global burden of early pregnancy gestational diabetes mellitus (eGDM): A systematic review. Acta Diabetol. 2022, 59,
403-427. [CrossRef] [PubMed]

Hivert, M.-F.,; Backman, H.; Benhalima, K.; Catalano, P.; Desoye, G.; Immanuel, J.; McKinlay, C.J.; Meek, C.L.; Nolan, C.J.; Ram, U,;
et al. Pathophysiology from preconception, during pregnancy, and beyond. Lancet 2024, 404, 158-174. [CrossRef]

Quansah, D.Y.; Gross, J.; Gilbert, L.; Pauchet, A.; Horsch, A.; Benhalima, K.; Cosson, E.; Puder, ].J. Cardiometabolic and Mental
Health in Women With Early Gestational Diabetes Mellitus: A Prospective Cohort Study. J. Clin. Endocrinol. Metab. 2022, 107,
€996—e1008. [CrossRef] [PubMed]

Dai, F; Mani, H.; Nurul, S.R.; Tan, K.H. Risk stratification of women with gestational diabetes mellitus using mutually exclusive
categories based on the International Association of Diabetes and Pregnancy Study Groups criteria for the development of
postpartum dysglycaemia: A retrospective cohort study. BM] Open 2022, 12, e055458. [CrossRef] [PubMed] [PubMed Central]
Rayanagoudar, G.; Hashi, A.A.; Zamora, ].; Khan, K.S.; Hitman, G.A.; Thangaratinam, S. Quantification of the type 2 diabetes risk
in women with gestational diabetes: A systematic review and meta-analysis of 95,750 women. Diabetologia 2016, 59, 1403-1411.
[CrossRef] [PubMed]

Aguilera, J.; Sanchez Sierra, A.; Abdel Azim, S.; Georgiopoulos, G.; Nicolaides, K.H.; Charakida, M. Maternal cardiac function in
gestational diabetes mellitus at 35-36 weeks’ gestation and 6 months postpartum. Ultrasound Obstet. Gynecol. 2020, 56, 247-254.
[CrossRef] [PubMed]

Company Calabuig, A.M.; Nunez, E.; Sdnchez, A.; Nicolaides, K.H.; Charakida, M.; De Paco Matallana, C. Three-dimensional
echocardiography and cardiac strain imaging in women with gestational diabetes mellitus. Ultrasound Obstet. Gynecol. 2021, 58,
278-284. [CrossRef] [PubMed]

Golubic, R; Car, J.; Nicolaides, K. Enhancing postpartum cardiometabolic health for women with previous gestational diabetes:
Next steps and unanswered questions for pharmacological and lifestyle strategies. Diabetes Obes. Metab. 2025, 27, 447-449.
[CrossRef]

Ratner, R.E.; Christophi, C.A.; Metzger, B.E.; Dabelea, D.; Bennett, PH.; Pi-Sunyer, X.; Fowler, S.; Kahn, S.E. Prevention of diabetes
in women with a history of gestational diabetes: Effects of metformin and lifestyle interventions. J. Clin. Endocrinol. Metab. 2008,
93, 4774-4779. [CrossRef] [PubMed]

Xiang, A.H.; Peters, R.K.; Kjos, S.L.; Marroquin, A.; Goico, J.; Ochoa, C.; Kawakubo, M.; Buchanan, T.A. Effect of pioglitazone on
pancreatic beta-cell function and diabetes risk in Hispanic women with prior gestational diabetes. Diabetes 2006, 55, 517-522.
[CrossRef]

Elkind-Hirsch, K.E.; Seidemann, E.; Harris, R. A randomized trial of dapagliflozin and metformin, alone and combined, in
overweight women after gestational diabetes mellitus. Am. J. Obstet. Gynecol. MFM 2020, 2, 100139. [CrossRef] [PubMed]
Elkind-Hirsch, K.E.; Shaler, D.; Harris, R. Postpartum treatment with liraglutide in combination with metformin versus metformin
monotherapy to improve metabolic status and reduce body weight in overweight/obese women with recent gestational diabetes:
A double-blind, randomized, placebo-controlled study. J. Diabetes Complicat. 2020, 34, 107548.

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual

author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to

people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1016/S2213-8587(21)00088-7
https://www.ncbi.nlm.nih.gov/pubmed/33989535
https://pmc.ncbi.nlm.nih.gov/articles/PMC8208895
https://doi.org/10.1007/s11892-023-01516-0
https://www.ncbi.nlm.nih.gov/pubmed/37294513
https://pmc.ncbi.nlm.nih.gov/articles/PMC10435618
https://doi.org/10.1210/clinem/dgae113
https://www.ncbi.nlm.nih.gov/pubmed/38426346
https://doi.org/10.1038/s41598-021-82789-x
https://doi.org/10.1007/s00592-021-01800-z
https://www.ncbi.nlm.nih.gov/pubmed/34743219
https://doi.org/10.1016/S0140-6736(24)00827-4
https://doi.org/10.1210/clinem/dgab791
https://www.ncbi.nlm.nih.gov/pubmed/34718650
https://doi.org/10.1136/bmjopen-2021-055458
https://www.ncbi.nlm.nih.gov/pubmed/35177456
https://pmc.ncbi.nlm.nih.gov/articles/PMC8860034
https://doi.org/10.1007/s00125-016-3927-2
https://www.ncbi.nlm.nih.gov/pubmed/27073002
https://doi.org/10.1002/uog.22118
https://www.ncbi.nlm.nih.gov/pubmed/32530101
https://doi.org/10.1002/uog.23666
https://www.ncbi.nlm.nih.gov/pubmed/33949740
https://doi.org/10.1111/dom.16070
https://doi.org/10.1210/jc.2008-0772
https://www.ncbi.nlm.nih.gov/pubmed/18826999
https://doi.org/10.2337/diabetes.55.02.06.db05-1066
https://doi.org/10.1016/j.ajogmf.2020.100139
https://www.ncbi.nlm.nih.gov/pubmed/33345876

	Introduction 
	Materials and Methods 
	Study Design and Participants 
	Outcome Measures 
	Statistical Analysis 

	Results 
	Discussion 
	Main Findings of the Study 
	Comparison with Previous Studies 
	Strengths and Weaknesses 

	Conclusions 
	References

