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Abstract: Introduction—The purpose of this study was to determine the relative impact of modi-
fiable and non-modifiable risk factors in the development of gestational diabetes mellitus (GDM),
with a particular focus on maternal preconception body mass index (BMI) and age, two important
determinants of insulin resistance. Understanding the factors that contribute most to the current esca-
lation of GDM rates in pregnant women could help to inform prevention and intervention strategies,
particularly in areas where this female endocrine disorder has an elevated prevalence. Methods—A
retrospective, contemporary, large population of singleton pregnant women from southern Italy
who underwent 75 g OGTT for GDM screening was enrolled at the Endocrinology Unit, “Pugliese
Ciaccio” Hospital, Catanzaro. Relevant clinical data were collected, and the characteristics of women
diagnosed with GDM or with normal glucose tolerance were compared. The effect estimates of
maternal preconception BMI and age as risk factors for GDM development were calculated through
correlation and logistic regression analysis by adjusting for potential confounders. Results—Out of
the 3856 women enrolled, 885 (23.0%) were diagnosed with GDM as per IADPSG criteria. Advanced
maternal age (≥35 years), gravidity, reproductive history of spontaneous abortion(s), previous GDM,
and thyroid and thrombophilic diseases, all emerged as non-modifiable risk factors of GDM, whereas
preconception overweight or obesity was the sole potentially modifiable risk factor among those
investigated. Maternal preconception BMI, but not age, had a moderate positive association with
fasting glucose levels at the time of 75 g OGTT (Pearson coefficient: 0.245, p < 0.001). Abnormalities
in fasting glucose drove the majority (60%) of the GDM diagnoses in this study. Maternal precon-
ception obesity almost tripled the risk of developing GDM, but even being overweight resulted in a
more pronounced increased risk of developing GDM than advanced maternal age (adjusted OR for
preconception overweight: 1.63, 95% CI 1.320–2.019; adjusted OR for advanced maternal age: 1.45,
95% CI 1.184–1.776). Conclusions—Excess body weight prior to conception leads to more detrimental
metabolic effects than advanced maternal age in pregnant women with GDM. Thus, in areas in which
GDM is particularly common, such as southern Italy, measures aiming to counteracting maternal
preconception overweight and obesity may be efficient in reducing GDM prevalence.
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1. Introduction

Gestational diabetes mellitus (GDM) is a common female endocrine disorder that
can occur during pregnancy. It is associated with an increased risk of perinatal mortality
and morbidity, making it a major public health concern [1]. The prevalence of GDM has
increased in recent decades, most probably due to factors such as older maternal age at
conception and adherence to unhealthy dietary habits and lifestyles that predispose to
excess body weight [2,3]. It is estimated that globally, one in every six pregnant women
develops GDM [4]. However, the prevalence of GDM varies greatly among different
ethnic groups and different screening methods and glucose thresholds used for diagnosing
the condition. Hispanic, African American, Native American, South Asian, and Pacific
Islander women have the highest prevalence of GDM, similar to women living in southern
Italy [2]. Since 2010, the adoption of 75 g OGTT glucose thresholds from the International
Association of Diabetes and Pregnancy Study Groups (IADPSG) consensus has resulted in
a GDM diagnosis rate of up to 28% in this region [5]. Pregnant women with GDM are at
greater risk of developing cardiovascular disease and type 2 diabetes mellitus (T2DM) over
their lifetime. Furthermore, their newborns are more likely to suffer from obesity, T2DM,
and other metabolic abnormalities in childhood, adolescence, and adulthood [1,2]. It is
therefore urgently necessary to take preventive measures to reduce the number of cases
of GDM.

Previous studies have consistently shown that older pregnant women are more likely to
develop GDM, making advanced maternal age, usually defined as being 35 years or older,
a well-documented, non-modifiable risk factor for this condition [6]. Other potential non-
modifiable risk factors, although not always confirmed, include family history of T2DM,
ethnicity, young age at menarche, polycystic ovary syndrome (PCOS), and other reproduc-
tive and endocrine disorders contributing to infertility and/or pregnancy complications [1].
Metabolic derangements caused by insulin resistance, such as GDM and T2DM, are closely
linked to the aging process, as the whole-body intracellular responses to insulin tend to
progressively decrease with age, often resulting in glucose intolerance [7,8]. However, there
is a lot of variation in how the systemic, age-related dysfunction of insulin signaling can be
affected by adiposity and hormonal products derived from visceral fat tissue. In regard to
this, a recent translational study conducted by our group in a non-pregnant, gender-mixed
population has demonstrated that the increase in body mass index (BMI), which reflects
visceral fat accumulation and deregulation of adipose secretory functions, is actually the main
driver of systemic insulin resistance in humans [9]. Despite a potential age-related deteriora-
tion [10], the molecular changes in insulin signaling caused by obesity are not permanent, but
reversible with appropriate interventions [9]. Maternal preconception BMI has been identified
as a potentially modifiable risk factor for GDM in numerous studies conducted in Europe,
America, Australia, and Asia [11–13]. However, the effect of maternal preconception BMI on
the development of GDM has often been seen in combination with the effects of gestational
body weight gain and age, so it is still uncertain which of these factors contribute most to
the onset of GDM [14]. Here, we aimed to investigate the relative impacts of modifiable
and non-modifiable risk factors for GDM in a large retrospective population of pregnant
women, with a special focus on maternal preconception BMI and age, both of which are key
determinants of systemic insulin resistance. Understanding the factors that contribute to the
current escalation of GDM rates in pregnant women could help to undertake prevention
and intervention strategies, particularly in areas where this condition is more common, such
as southern Italy.

2. Materials and Methods
2.1. Study Population

In this monocentric, retrospective, population study, 3865 consecutive singleton preg-
nant women, attending the tertiary care Endocrinology Unit of “Pugliese Ciaccio” Hospital
(Catanzaro, Italy) from January 2017 to March 2020, before the outbreak of the novel coron-
avirus (COVID-19) pandemic [15], for a 75 g OGTT screening test for GDM, were enrolled.
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Screening for GDM with a 75 g OGTT was performed at 16–18 and/or 24–28 weeks of
gestation (wg), in accordance with the risk-factor-based guidelines endorsed by the Italian
Ministry of Health [16]. In regard to this, it is worth noting that, in Italy, an anticipated
screening for GDM is recommended for women with at least one of the following risk
factors: (1) preconception obesity; (2) preconception and/or first trimester biochemical
evidence of impaired fasting glucose (IFG, fasting plasma glucose levels of 100–125 mg/dL);
or (3) previous GDM. Women who test negative for GDM at this early screening are rec-
ommended to be re-tested for GDM at 24–28 wg with another 75 g OGTT [16]. However,
as widely documented by our group and others [17–19], in the real-world practice, only a
minority of pregnant women with these risk factors undergoes an anticipated 75 g OGTT
screening test for GDM at 16–18 wg. In most cases, the diagnosis of GDM follows a late,
and almost universal, 75 g OGTT screening test at 24–28 wg, regardless of maternal risk
factors [17–19]. During the early stages of the COVID-19 outbreak, screening strategies for
GDM in Italy were temporarily changed in order to reduce the risk of coronavirus infection
for pregnant women and limit unnecessary hospital accesses. In this emergency situation,
the diagnosis of GDM was allowed to be based on fasting glucose values alone, to limit the
number of 75 g OGTT screening tests, and thus, potential exposure times in hospitals [20].
However, in all women enrolled in this study, GDM was diagnosed when one or more of
the venous plasma glucose values exceeded the IADPSG thresholds (fasting ≥ 92 mg/dL,
1 h after 75 g OGTT ≥ 180 mg/dL, and 2 h after 75 g OGTT ≥ 153 mg/dL) as per current
Standard of Care [16]. The laboratory analytical details of the 75 g OGTT screening test for
GDM in this diabetes care center have been reported elsewhere [19].

Maternal age, family history of T2DM (first- or second-degree relatives), previous
GDM, gravidity, reproductive history of spontaneous abortion(s) (the type of abortion
was not specified), type of conception (i.e., natural/planned/assisted), age of menarche,
level of education, marital status, smoking status, treated and/or well-controlled comor-
bid endocrine conditions (i.e., thyroid disease), self-reported last menstrual period, and
preconception body weight, together with core anthropometric measurements (i.e., height,
body weight) obtained during a standard nursing work-up in the same morning of the 75 g
OGTT, and venous plasma glucose results, were routinely recorded in an electronic patient
diary (Smart Digital Clinic®, Meteda Srl) and retrospectively collected for the purpose of
this study. The electronic patient diary automatically calculated the preconception BMI
and gestational weight gain up to the time of the 75 g OGTT, taking into account the body
weight (in kilograms) and height (in meters). BMI was therefore expressed with the formula
body weight divided by height square (kg/m2), and gestational weight gain was calculated
as the difference between body weight at the time of the 75 g OGTT and preconception
body weight. Women who were under prophylactic heparin therapy at the time of the
75 g OGTT due to laboratory evidence of inherited (i.e., carriers of Factor V Leiden and
Prothrombin G20210A variants, or with a congenital Protein S/C deficiency) or acquired
(i.e., positive lupus anticoagulant and anticardiolipin antibodies) coagulative disorders, or
with a positive history of venous thromboembolism in the preconception period, were con-
sidered as thrombophilic [16]. Exclusion criteria were multiple pregnancies, active chronic
systemic diseases, or use of medications affecting glucose tolerance (i.e., metformin [21]).

2.2. Statistical Analysis

Continuous traits were expressed as medians and interquartile ranges (IQRs), while
categorical traits were expressed as numbers and percentages. The Mann–Whitney U test
was used to determine the presence of significant differences in the distribution of contin-
uous variables between women diagnosed with GDM and those without the condition.
The Chi-square (χ2) test was used to compare proportions. To investigate the existence of a
linear relationship between the continuous, near-normally shaped, potential predictors of
GDM (i.e., maternal preconception BMI and age) and venous plasma glucose values at the
time of the 75 g OGTT, Pearson correlation tests were performed, generating a heat map of
correlation coefficients. For the univariate correlation analysis, missing data were handled
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with pairwise deletion. To further explore the influence of predictors on the likelihood of
having a GDM diagnosis at the time of the 75 g OGTT, the available data regarding maternal
preconception BMI and age were fitted into logistic regression models, with appropriate
covariate adjustments. Adjusted odds ratios (OR) with 95% confidence intervals as relative
effect estimates were calculated. A significance level of 0.05 was set for all analyses. Data
were analyzed with JASP Graphical Statistical Software Version 0.17.1.0 (University of
Amsterdam, Amsterdam, the Netherlands) based on R Stats packages.

3. Results
3.1. Characteristics of Pregnant Women and Risk Factors for Gestational Diabetes Mellitus (GDM)

Out of 3856 singleton pregnant women undergoing a 75 g OGTT during gestation,
885 (23.0%) were diagnosed with GDM according to IADPSG criteria. Table 1 shows the
differences in clinical characteristics between women who were diagnosed with GDM
and those who with normal glucose tolerance. Intergroup comparisons revealed that a
significantly smaller proportion of women with GDM reported planning their pregnancy
compared to women who were normal glucose tolerant (39.8% vs. 54.9%, p < 0.001).
However, despite the amount of missing data for social and lifestyle variables, there were
no significant differences in education, marital status, and smoking status between the two
groups. In contrast, a family history of T2DM was more frequently reported in women
with GDM (71.1% vs. 54.6%, p < 0.001). Women with GDM were, on average, 2 years older
than normal glucose-tolerant women (median preconception maternal age: 34 vs. 32 years,
p < 0.001). Additionally, a significantly greater proportion of women with GDM were of
advanced age at conception (42.8% vs. 33.6%, p < 0.001), supporting the historical, well-
documented, role of aging as a risk factor for GDM [22], whereas there were no significant
differences in self-reported median age at menarche (12 years for both groups). In relation
to obstetric characteristics, fewer women with GDM were found to be nulliparous (39.0%
vs. 43.6%, p = 0.021), and had no reproductive history of spontaneous abortion(s) (75.2% vs.
80%, p = 0.003) in comparison to women with normal glucose tolerance. Furthermore, a
significantly greater proportion of women with GDM had PCOS (5.0% vs. 0.7%, p < 0.001),
and became pregnant through assisted reproductive technology (1.3% vs. 0.2%, p < 0.001).
Additionally, women with GDM were, with respect to normal glucose-tolerant women,
more than twice as likely to be affected by thyroid diseases (6.9% vs. 3.2%, p < 0.001), in
some cases under treatment with substitutive hormone therapy, and by thrombophilic
disorders (3.2% vs. 0.7%, p < 0.001). A significantly larger proportion of women with
GDM had also been diagnosed with IFG before pregnancy (21.1% vs. 6.2%, p = 0.015), even
though only a few women documented their pre-existing glucose tolerance status, and most
data were missing. With regard to anthropometric variables, women with GDM tended to
be slightly shorter (by an average of 1 cm) and have a greater body weight (median body
weight: 65.0 vs. 60.0 kg, p < 0.001) than normal glucose tolerant women. Not surprisingly,
women with GDM also had a preconception BMI that was ~3 points higher (median BMI:
25.0 vs. 22.7 kg/m2, p < 0.001), meaning that larger percentages of women with obesity
(BMI ≥ 3.0 kg/m2) or overweight (BMI 25–29.9 kg/m2) were diagnosed with GDM.

Previous GDM is the strongest risk factor for GDM recurrence [23]. In this study, a
larger percentage of women with a history of GDM in a previous pregnancy was diagnosed
again with this condition (17.4% vs. 3.4%, p < 0.001). However, only a minority of these
at-risk women were diagnosed with GDM following an anticipated 75 g OGTT at 16–18 wg
(12.8%), and in most cases, diagnosis of GDM occurred at 24–28 wg, because of poor
adherence of pregnant women to early screening tests [17–19] (Table 1). Women diagnosed
with GDM continued to have a significantly higher body weight than normal glucose-
tolerant women at 24–28 wg (median body weight: 72.0 vs. 68.8 kg; median BMI: 27.7 vs.
25.6 kg/m2, p < 0.001), although without any differences in gestational body weight gain
up to the scheduled 75 g OGTT date (median 7.0 kg for both groups).



J. Clin. Med. 2023, 12, 2830 5 of 13

Table 1. Comparison of the characteristics of pregnant women with gestational diabetes mellitus
(GDM) to those of normal glucose-tolerant women (NGT).

Characteristics
NGT (n = 2980) GDM (n = 885)

Median (IQR) or N (%) Median (IQR) or N (%) p Value

Secondary or tertiary level education, N 1871 (85.8% §) 496 (83.2% §) 0.099
Married, N 1709 (76.1% §) 446 (78.5% §) 0.222
Height, m 1.62 (1.59–1.67) 1.62 (1.58–1.65) 0.001

Preconception body weight, kg 60.0 (54.0–69.0) 65.0 (57.0–77.8) <0.001
Preconception BMI, kg/m2 22.7 (20.6–25.7) 25.0 (21.9–29.4) <0.001

Preconception obesity, N 241 (8.8% §) 181 (21.9% §) <0.001
Preconception overweight, N 571 (20.7% §) 224 (27.1% §) <0.001

Preconception IFG, N 8 (6.1% §) 12 (21.1 §) 0.015
PCOS, N 20 (0.7%) 44 (5.0%) <0.001

Age at menarche, yr 12 (11–13) 12 (11–13) 0.717
Maternal age, yr 32 (29–36) 34 (30–37) <0.001

Advanced maternal age (≥35 yr), N 1000 (33.6%) 379 (42.8%) <0.001
Thyroid disease, N 94 (3.2% §) 61 (6.9% §) <0.001
Thrombophilia, N 21 (0.7% §) 28 (3.2% §) <0.001

Nulliparous, N 1210 (43.6% §) 318 (39.0% §) 0.021
Negative reproductive history of

abortion(s), N 2205 (80.0% §) 613 (75.2% §) 0.003

Planned pregnancy, N 1445 (54.9% §) 310 (39.8% §) <0.001
Assisted reproduction, N 6 (0.2% §) 12 (1.3% §) <0.001

Previous GDM, N 102 (3.4% §) 153 (17.4% §) <0.001
Non-smoker, N 1904 (81.6% §) 499 (82.3% §) 0.185

Family history of T2DM, N 1574 (54.6% §) 601 (71.1% §) <0.001
Diagnosis of GDM at early screening, N _ 113 (12.8%) _

Gestational age at 75 g OGTT, wg 26.0 (26.0–27.0) 26.0 (25.0–27.0) 0.541
Fasting glucose *, mg/dL 80.0 (76.0–84.0) 92.0 (85.0–96.0) <0.001

1 h glucose *, mg/dL 126.0 (107.0–145.0) 176.0 (149.0–192.0) <0.001
2 h glucose *, mg/dL 102.0 (89.0–115.0) 134.0 (115.0–157.0) <0.001

Fasting glucose ≥ 92 mg/dL, N _ 531 (60%) _
1 h glucose ≥ 180 mg/dL, N _ 401 (45.3%) _
2 h glucose ≥ 153 mg/dL, N _ 276 (31.2%) _

Body weight at 75 g OGTT *, kg 68.0 (61.0–76.0) 72.0 (64.0–83.0) <0.001
BMI at 75 g OGTT *, kg/m2 25.6 (23.4–28.5) 27.7 (24.7–31.6) <0.001

Gestational weight gain at 75 g OGTT *, kg 7.0 (5.0–9.0) 7.0 (5.0–10.0) 0.992

Data are expressed as medians and interquartile ranges (IQRs) or as numbers and percentages. “§” signs indicate
valid percentages computed on the total number of non-missing values for the specific variable. p-values were
calculated using the Mann–Whitney U test or the χ2 test, as appropriate. Bold values denote statistical significance
at p < 0.05. “*” signs indicate that the high-risk women diagnosed with GDM at early screening (i.e., a 75 g
OGTT performed at 16–18 wg) as per Italian Ministry of Health guidelines [16] were excluded from the analysis.
Women who stopped smoking during pregnancy but were smokers in the preconception period were considered
as “smokers”. IFG, impaired fasting glucose; PCOS, polycystic ovary syndrome; T2DM, type 2 diabetes mellitus.

3.2. Effect of Maternal Preconception Body Mass Index and Age on GDM Risk

To elucidate the relationship between maternal preconception BMI, age, and the risk
of developing GDM, univariate correlation analysis was initially employed. Figure 1
illustrates the lack of reciprocal association between maternal preconception BMI and
age, as shown by the heat maps of Pearson’s correlation coefficients. However, both
preconception maternal factors had a positive, but weak association with 1 h and 2 h
post-load plasma glucose values resulting from the 75 g OGTT screening test performed
at 24–28 wg (Pearson coefficients ranging from 0.101 to 0.143). Contrary to age, maternal
preconception BMI had a moderate positive association with fasting glucose levels (Pearson
coefficient: 0.245). This represents a relevant finding, because the majority (60%) of GDM
diagnoses in this pregnant study population were based on abnormal fasting glucose levels,
regardless of post-load glucose values (Table 1).
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Then, after considering previous reports about the independent effects of both BMI and
aging in determining systemic insulin resistance, and thus, glucose intolerance [6–9], logistic
regression analysis was performed to determine more accurately which one of these factors
could be a better predictor of GDM in pregnant women. In adjusted logistic regression models,
controlling for gravidity, reproductive history of spontaneous abortion(s), GDM in a previous
pregnancy, assisted conception, thyroid and thrombophilic diseases, PCOS, family history
of T2DM, and gestational body weight gain, maternal preconception BMI was found to be a
stronger determinant of GDM risk than maternal age, as evidenced by the higher absolute
value of the standardized β coefficient (0.414 for preconception BMI vs. 0.246 for maternal
age) (Table 2).

Table 2. Logistic regression analysis showing the independent effects of maternal preconception
body mass index (BMI) and age in predicting a diagnosis of GDM. Data are expressed as crude and
adjusted odds ratios (OR).

Standardized β OR 95% CI p Value

Preconception BMI 0.481 1.104 (1.087–1.122) <0.001
Preconception BMI * 0.414 1.089 (1.069–1.109) <0.001

Maternal age 0.279 1.055 (1.038–1.072) <0.001
Maternal age * 0.246 1.048 (1.029–1.068) <0.001

* OR was adjusted by forcing gravidity, reproductive history of spontaneous abortion(s), previous GDM, assisted
reproduction, thyroid and thrombophilic diseases, PCOS, family history of T2DM, and gestational bodyweight
gain as covariates in the logistic regression model, in consideration of the results of univariate analyses (Table 1)
and previous literature reports [14]. Multicollinearity in logistic regression analysis was tested by evaluation of
Variance Inflation Factors (VIF). All VIF measures were <2.5. Bold values denote statistical significance at p < 0.05.

Maternal preconception obesity almost tripled the risk of developing GDM (adjusted
OR: 2.525, 95% CI 1.971–3.236, p < 0.001) (Table 3), but even preconception overweight
was found to increase the risk of GDM more than advanced maternal age (adjusted OR for
overweight: 1.63, 95% CI 1.320–2.019, p < 0.001; adjusted OR for advanced maternal age:
1.45, 95% CI 1.184–1.776, p < 0.001) (Table 4).
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Table 3. Logistic regression analysis showing the independent effects of preconception obesity and
advanced maternal age in predicting a diagnosis of GDM. Data are expressed as adjusted OR.

Standardized β OR 95% CI p Value

Preconception obesity 0.299 2.525 (1.971–3.236) <0.001
Maternal age ≥ 35 yr 0.181 1.461 (1.213–1.759) <0.001

Gravidity, reproductive history of spontaneous abortion(s), previous GDM, assisted reproduction, thyroid and
thrombophilic diseases, PCOS, family history of T2DM, and gestational bodyweight gain were used as covariates
in the logistic regression model. Bold values denote statistical significance at p < 0.05.

Table 4. Logistic regression analysis showing the independent effects of preconception overweight
and advanced maternal age in predicting a diagnosis of GDM. Data are expressed as adjusted OR.

Standardized β OR 95% CI p Value

Preconception
overweight 0.108 1.633 (1.320–2.019) <0.001

Maternal age ≥ 35 yr 0.103 1.450 (1.184–1.776) <0.001
Gravidity, reproductive history of spontaneous abortion(s), previous GDM, assisted reproduction, thyroid and
thrombophilic diseases, PCOS, family history of T2DM, and gestational bodyweight gain were used as covariates
in the logistic regression model. Bold values denote statistical significance at p < 0.05. Women with preconception
obesity (n = 422) were excluded.

Finally, the data in Table 5, which stratify the women into different risk groups based
on maternal preconception BMI and age, suggest that prevention of overweight and obesity
prior to pregnancy is the most appropriate strategy to reduce the number of cases of GDM
in areas where it is currently highly prevalent, such as southern Italy. In fact, in this large,
contemporary, study population, the prevalence of GDM increased dramatically as the
maternal preconception BMI changed from normal weight to the overweight and obesity
ranges, in all age groups (for women younger than 35 years, the prevalence of GDM
increased from 16.4% to 23.0% to 38.5%; for women with an advanced maternal age, the
prevalence of GDM increased from 20.4% to 37.2% to 51.4%). A crude pairwise comparison
of sequentially decreasing risk categories showed that there was no statistically significant
difference in the prevalence rate of GDM between overweight women with advanced
maternal age and obese women younger than 35 years (p = 0.753), as well as between
normal weight women with advanced maternal age and overweight women younger than
35 years (p = 0.255), although there was a nominal difference in disfavor of excess body
weight in the latter case (Table 5). This finding corroborates the idea that being overweight
before pregnancy is a relevant risk factor for GDM, even at a young maternal age. This
excess risk can be equal to or greater than the risk associated with delayed childbearing,
when other potential risk factors are more likely to be present.

Table 5. Prevalence rates of GDM in risk groups of pregnant women stratified by preconception BMI
and maternal age.

Preconception Obesity Preconception Overweight Preconception Normal
Weight

A vs.
B

B vs.
C

C vs.
D

D
vs. E

E vs.
F

(A)
Maternal

Age
≥35 yr

(B)
Maternal

Age
<35 yr

(C)
Maternal

Age
≥35 yr

(D)
Maternal

Age
<35 yr

(E)
Maternal

Age
≥35 yr

(F)
Maternal

Age
<35 yr

N % N % N % N % N % N % p Value

NGT 67 48.6% 174 61.5% 182 62.8% 389 77.0% 681 79.6% 1258 83.6%
* ns *** ns *GDM 71 51.4% 109 38.5% 108 37.2% 116 23.0% 174 20.4% 247 16.4%

Total 138 283 290 505 855 1505

Preconception obesity was defined by a BMI ≥ 30 kg/m2, preconception overweight by a BMI 25–29.9 kg/m2,
preconception normal weight by a BMI < 25 kg/m2. * indicates statistical significance with p < 0.05; *** indicates
statistical significance with p < 0.001; ns: non-significant; p values were calculated using the χ2 test. Women with
missing values for one or both preconception variables (n = 280) were excluded.
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4. Discussion

As more women enter pregnancy at an advanced maternal age and/or with excess
body weight, the risk of developing GDM is steadily rising in most countries and regions
of the world, especially in southern Italy [2], where one out of five women is currently
diagnosed with this condition. According to national statistics, approximately 33% of
adults in this area are affected by overweight or obesity, including women [24]. Women
tend to plan their pregnancies at 35 years or older, which may be due to a desire to complete
their education and professional development, as well as to a delayed formation of stable
households [19].

Clinical trials support the notion that aging, in general, is associated with systemic
insulin resistance and an increased risk of developing T2DM [7,8], or, in case of women in
their reproductive years, GDM [6]. Although there are some exceptions to this rule [25],
with age, people tend to have less lean body mass (particularly skeletal muscle tissue) and
more visceral fat mass. Since skeletal muscle is a main site of insulin-stimulated glucose
uptake, decreased muscle mass can lead to decreased whole-body glucose disposal and, as
a result, glucose intolerance [8,25].

In late gestation, it is known that there is a physiological decrease in skeletal muscle
insulin sensitivity, which determines a reduction in insulin-stimulated whole-body glucose
disposal by 50% [26]. These metabolic changes occur independently of a diagnosis of GDM.
They are, from an evolutionary point of view, designed to limit maternal glucose utilization
and thereby shunt an adequate amount of supply to the growing fetus, which requires glu-
cose as its major energy source [2]. In women with normal glucose tolerance, the changes
in insulin sensitivity are, however, balanced by an adequate increase in insulin production
from maternal pancreatic β cells, whereas in women with GDM, insulin secretion is rela-
tively insufficient to compensate for the various degrees of systemic insulin resistance [1].
In regard to this, it has been studied that, in glucose-intolerant, non-pregnant women,
the ability to secrete insulin decreases by 0.7% per year, as a consequence of accelerated
pancreatic β cell dysfunction [27]. Additionally, the aging process negatively affects the
capacity of pancreatic β cells to proliferate during gestation [28], potentially facilitating the
development of GDM in pregnant women.

Although some historical lines of evidence suggest that age is correlated with insulin
sensitivity [25], it does not appear to be the primary factor affecting whole-body responses
to insulin. Age-related changes in anthropometric parameters related to skeletal muscle
and visceral fat masses are the true responsible for the increase in systemic insulin resis-
tance [8,25,29]. In particular, the expansion of visceral fat is a major contributing factor, with
several reports showing linear correlations between visceral adiposity and insulin resistance
in humans [8,25,29]. The precise mechanisms by which an enlarged visceral fat mass should
cause systemic insulin resistance are not yet fully understood. The most recent experimental
data from our group on this topic are in support of the pathogenic role of hypoxia [9]. Visceral
adipocytes from obese individuals have a reduced content of oxygen. When exposed to
hypoxia, adipocytes have a reduced capacity to uptake glucose under insulin stimulation, and
to contribute, with skeletal myocytes, to whole-body glucose disposal [9]. Adipocytes from
obese individuals have also a dysfunctional secretory activity, which gets progressively worse
as the BMI increases, reflecting greater expansion of visceral fat tissue and more severe oxygen
deficits [9]. In non-pregnant situations, the circulating levels of adipokines and cytokines,
notoriously linked to insulin resistance and energy balance regulation, such as tumor necrosis
factor α, several proinflammatory interleukins, and chemoattractant proteins (i.e., MCP-1),
plasminogen-activator inhibitor-1, retinol binding protein 4, resistin, and leptin, showed a
positive relationship with BMI [9]. In recent years, studies have begun to investigate whether
changes in levels of circulating adipokines and cytokines also play a role in the development
of GDM [30]. However, their relationships with maternal preconception BMI and age are,
presently, undetermined, as both placenta and visceral fat contribute to the circulating levels
of adipokines and cytokines in pregnant women [30].
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The current hypothesis that in women, the likelihood of developing systemic insulin
resistance during pregnancy may be predetermined by her genetic heritage is supported
in this study by the fact that non-modifiable factors, such as PCOS and a family history
of T2DM, two conditions that contribute to systemic insulin resistance in the presence
of a negative environment (i.e., unhealthy dietary habits and lifestyles) and of genetic
overlaps [30], were more common in women with GDM than in those with normal glucose
tolerance. Furthermore, in this study, women with GDM were more frequently affected by
thyroid diseases (namely caused by thyroid autoimmunity and/or goiter), suggesting that
this non-modifiable factor could be linked with GDM development. A previous clinical
investigation, which found that thyroid dysfunction is associated with GDM, even after
adjusting for advanced maternal age and obesity [31], is in line with the present findings,
and hints that a causal association between thyroid diseases and insulin resistance in
pregnancy might exist.

Women who have had abortions in previous pregnancies [32,33], who are affected
by thrombophilic disorders [34], or who have conceived using assisted reproductive tech-
nologies [32,35] are more susceptible to developing pregnancy diseases attributable to the
placenta. GDM is a major cause of placental dysfunction, but, at the same time, it is caused
by an abnormal release of hormones, metabolites, and cytokines from this organ [1,2,30].
Placenta-related factors may contribute to the reduction of insulin sensitivity and cause
inflammation in pregnant women, potentially exacerbating the effect of excess BMI and
advanced maternal age [30].

The findings of this study indicate that maternal preconception BMI and age are both
independently associated with GDM, even after adjusting for all the potential confounders,
which include many non-modifiable risk factors (family history of T2DM, PCOS, previous
GDM, gravidity, assisted reproduction, history of abortions, thyroid and thrombophilic
diseases) and a potentially modifiable one (gestational weight gain). Maternal age and
overweight/obesity have been demonstrated to be independent determinants of the risk
of GDM in many studies [11–13]. In contrast, there is conflicting evidence regarding the
independent effect of gestational weight gain in the development of GDM. A recent study on
Malay women found no association between first and second trimester gestational weight
gain and the risk of GDM [14], which contradicts other previous studies that have found
such an association, especially among obese women and women aged ≥ 35 years [36,37].
Here, there was no significant difference in gestational weight gain up to the time of
75 g OGTT between women with GDM and normal glucose-tolerant women. In addition,
the total median amount of gestational weight gain was within the expected range for a
physiological pregnancy [38]. These findings suggest that interventions to prevent GDM
(i.e., lifestyle-based) may be most effective if implemented during the preconception period,
rather than during the first or second trimester, in populations where the condition is highly
prevalent due to advanced maternal age, genetic factors, and high rates of overweight or
obesity, as in Malay and southern Italian women.

For interventions that aim to improve public health, it is necessary to have knowledge
of both population- and individual-level risks. By searching the modifiable and non-
modifiable factors that may predispose women to develop GDM, we can target actions
that may reduce the risk of developing this condition and its associated maternal and
fetal complications [1]. Presently, there is growing consensus that women who are at
higher risk for developing GDM should have a 75 g OGTT earlier in pregnancy and should
receive more intensive interventions in order to effectively prevent GDM [17,39,40]. This
is especially relevant for obese women, who we have previously reported to experience a
more severe degree of gestational insulin resistance and hyperglycemia than non-obese
women. The result is an excessive amount of glucose being transferred to the fetus, which
can cause irreversible acceleration of its growth trajectory and complications, even before
GDM is diagnosed [17]. However, no known universal system or algorithm exists to
accurately predict the development of GDM or to define the optimal timing for preventive
intervention and diagnostic testing (i.e., early vs. late gestation) [39,40]. The research in
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this area is constantly evolving and may eventually provide more reliable results than the
current risk-factor-based guidelines, such as the one endorsed by the Italian Ministry of
Health [41].

In the final part of the study, pregnant women were categorized into six risk groups
based on their maternal preconception BMI and age. The risk group with the highest preva-
lence of GDM consisted of obese women aged 35 years or older. The prevalence of GDM
was similar for obese women aged less than 35 years and for overweight women 35 years
or older, while the prevalence of GDM was somewhat greater for younger overweight
women than for normal weight women of advanced maternal age. Overall, these findings
support the idea that excess BMI prior to conception can have a negative effect on insulin
resistance, predisposing to GDM, and this effect is comparable to, or even greater than, the
effect of advanced maternal age.

This is the first study to investigate the relative effects of preconception BMI and ma-
ternal age on the risk of GDM in southern Italy, taking into consideration the contemporary
characteristics of women in this area and their increasing trend to postpone childbearing.
Although there has been some progress in raising awareness of the obstetric and perinatal
risks associated with pregnancy at advanced maternal age [42], there is still much work
to be done to educate women in their reproductive years about the risks related to a high
preconception BMI. Many women are unaware of the reproductive and metabolic problems
that might occur being overweight or obese, often misjudging their own body size or
prioritizing appearance over health [43,44]. However, as indicated in this study, the risk of
developing GDM is more impacted by preconception BMI rather than age. This excess risk
can be potentially reduced through lifestyle interventions that lead to weight loss.

In this work, there are some limitations. First, it is a retrospective study, with missing
data from social and lifestyle variables, and second, the information about preconception
body weight and reproductive history of pregnant women is self-reported. Another limita-
tion is that the results may not be necessarily generalizable to populations in which GDM is
less common or diagnosed using different criteria than those of the IADPSG. Additionally,
we did not assess the relative impact of preconception BMI and maternal age on the risk
of adverse pregnancy outcomes and perinatal morbidity, and this limits the possibility of
making recommendations for changes to the current screening strategy for GDM adopted
in southern Italy, as in the rest of the country. Presently, it is not yet possible to recommend
an anticipated 75 g OGTT in overweight women older than 35 years [19], although they
possess the same risk of developing GDM as younger women with preconception obesity.
However, its monocentric design, with all pregnant women being enrolled and performing
75 g OGTT at the same diabetes care center, is a strength that helps to reduce the risk of
biases associated with inter-laboratory analytical variations [19], as well as the misclassifica-
tion of risk factors related to inter-operator variability in the recording of relevant medical
information during routine diagnostic work-ups [45].

5. Conclusions

This study provides additional evidence that maternal preconception BMI, which
is indicative of visceral adiposity and systemic insulin resistance, has a critical role in
determining GDM. Unlike maternal age, preconception BMI is a modifiable risk factor,
making it an appropriate target for implementing dedicated public health policies. Being
the most common disorder among pregnant women, taking action to address this issue
is essential in order to counteract the current rise in GDM rates in some geographic areas,
including southern Italy, in which GDM prevalence is particularly high.
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