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Abstract
Purpose  In this study, we evaluated the impact of risk factors for gestational diabetes on clinical/biochemical parameters 
and maternal/fetal outcomes.
Methods  One hundred eighty-three (n 183) women (age 33.8 ± 5.5 years, 59% Caucasians, 41% non-Caucasians) with 
gestational diabetes were included in the study. Anamnestic information, anthropometric and laboratory parameters, and 
maternal and fetal outcomes at delivery were collected.
Results  Insulin therapy prevalence was higher in Asians vs Caucasians (p = 0.006), despite lower pre-pregnancy BMI in 
Asians (p = 0.0001) and in pre-pregnancy overweight vs normal weight patients (p = 0.04). Insulin-treated patients had higher 
fasting OGTT glucose than patients on diet therapy (p = 0.003). In multivariate analysis, Asian ethnicity, age ≥ 35 years 
and pre-pregnancy BMI ≥ 25 kg/m2 were independent predictors of insulin therapy. Cesarean section occurred more in 
women aged ≥ 35 years than < 35 years (p = 0.02). Duration of pregnancy and age showed inverse correlation (r − 0.3 
p = 0.013). Week of delivery was lower in patients ≥ 35 years vs patients < 35 years (p = 0.013). Fasting OGTT glucose 
was higher in overweight than in normal weight patients (p = 0.016). 1-h OGTT glucose was lower in obese vs normal 
weight (p = 0.03) and overweight patients (p = 0.03). Prevalence of prior gestational diabetes was higher in overweight/
obese women (p = 0.002).
Conclusions  Ethnicity, age, and BMI have the heaviest impact on pregnancy outcomes.
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Introduction

Gestational diabetes mellitus (GDM) is defined as diabetes 
diagnosed in the second or third trimester of pregnancy that 
is not clearly either type 1 or type 2 diabetes (T2D) [1].

GDM prevalence is increasing worldwide in parallel with 
the rise of obesity and T2D [1–4]. Approximately 7% of all 
pregnancies are complicated by GDM, resulting in more than 
200,000 cases annually. The prevalence may range from 1 to 
14% of all pregnancies, depending on the population studied 
and the diagnostic tests employed [5]. Diagnostic criteria 
have changed recently and there has been lack of consent 
about which criteria to use [6]. Well-established risk factors 

for GDM are pre-pregnancy overweight/obesity, advanced 
maternal age, and family history of T2D. However, the con-
tribution of these risk factors differs by race/ethnicity. From 
a public health perspective, overweight/obesity is considered 
the most important risk factor for GDM, because it is the 
most modifiable [7–10]. Obesity seems to be a strong risk 
factor for GDM in all racial/ethnic groups, but especially 
among non-Asians [11]. Ethnicity is considered one of the 
main risk factors for developing GDM. In particular, ethnic 
groups which are considered at high-risk of GDM include 
Hispanics, African-Americans, Native Americans, Asians, 
Pacific Islanders, and Indigenous Australians [12–14]. Over-
all, South and South East Asian women are considered those 
with the highest risk [2]. The newly proposed International 
Association of the Diabetes and Pregnancy Study Groups 
(IADPSG) approach [15] recommends the administration 
of a 75-g 2 h OGTT (one-step approach), evaluating fast-
ing, 1- and 2-h glucose levels, and considering any single 
abnormal value as diagnostic of GDM. The IADPSG criteria 
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are the only based on the results of the Hyperglycemia and 
Adverse Pregnancy Outcome (HAPO) study [16], a large-
scale (25,000 pregnant women) multinational cohort study 
that demonstrated associations between glycemic levels 
and an increased risk of obstetric and perinatal morbidi-
ties. In Italy, GDM screening is based on defined risk fac-
tors. In particular, a 75-g 2-h OGTT (one-step approach), 
evaluating fasting, 1- and 2-h glucose levels is performed 
at 16–18 weeks of gestation (and repeated at 24–28 weeks, 
if negative) in women with at least one of the following 
conditions: GDM in a previous pregnancy, pre-pregnancy 
body mass index (BMI) ≥ 30 kg/m2, plasma glucose prior, 
or at the beginning of pregnancy between 100 and 125 mg/
dl (5.6–6.9 mmol/l). At 24–28 weeks of gestation, the test 
is performed in women with at least one of the following 
conditions: age ≥ 35 years, pre-gestational body mass index 
(BMI) ≥ 25 kg/m2, fetal macrosomia in a previous preg-
nancy (≥ 4.5 kg), family history of T2D (first degree rela-
tive with T2D), and ethnic groups with high diabetes preva-
lence (South Asia, the Caribbean, Middle East). Diagnosis 
of GDM is defined by one or more values of plasma glucose 
above the thresholds (≥ 92 mg/dl at baseline, ≥ 180 mg/dl 
1-h post-load, ≥ 153 mg/dl 2-h post-load) [17, 18].

GDM is associated with short-term adverse outcomes for 
both mother (hypertension, preeclampsia, cesarean, and pre-
term delivery) and their offspring (shoulder dystocia, birth 
trauma, neonatal jaundice, respiratory distress, and neonatal 
hypoglycemia) [19]. GDM leads to mothers’ long-term com-
plications, such as increased risk of GDM recurrence, T2D, 
hypertension, and cardiovascular disease (CVD). In addi-
tion, diabetes in pregnancy may increase the risk of obesity 
and T2D in offspring later in life [1].

The aim of this retrospective observational study was to 
evaluate the impact of the risk factors considered for selec-
tive screening on clinical/biochemical parameters and on 
maternal and fetal outcomes, in pregnancy complicated by 
GDM.

Methods

One hundred eighty-three (n 183) women with GDM, fol-
lowed between January 2014 and July 2016 in the outpa-
tient clinics of Policlinico Umberto I “Sapienza” University 
Hospital of Rome, were included in the study. All patients 
gave their written informed consent. The protocol was 
approved by the hospital ethics committee and was per-
formed in accordance with the ethical standards laid down 
in the 1964 Declaration of Helsinki and its later amend-
ments. Diagnosis of GDM was defined in accordance with 
current recommendations [17, 18]. The inclusion criteria 
were: age ≥ 18 years and delivery within July 2016. The 

exclusion criteria were: type 1 diabetes; pre-gestational 
T2D; and multiple pregnancy.

The following data were collected: age; ethnicity; par-
ity; smocking habits; alcohol consumption; and information 
about the presence of risk factors for GDM, suggested by 
current recommendation; week of gestation and plasma glu-
cose values at OGTT; and information about medical nutri-
tion therapy and physical activity.

Anthropometric/vital (weight, BMI, blood pressure, and 
pulse) and laboratory parameters were considered: HbA1c 
at diagnosis and at third trimester, lipid profile at third tri-
mester (total and HDL cholesterol, triglycerides, non-HDL 
cholesterol, and LDL cholesterol calculated with Friedewald 
formula). Fetal ultrasound parameters (third trimester) were 
collected: amniotic fluid index (AFI), crown-rump length 
(CRL), bi-parietal diameter (BPD), abdominal circumfer-
ence (AC), head circumference (HC), femur length (FL), 
humerus length (HL), and estimated fetal weight (EFW).

Information about the results of self-monitoring blood 
glucose (SMBG) four times daily, therapy for GDM (diet or 
insulin), and other therapies (antihypertensive, antiplatelet, 
and other drugs) at the third trimester was also obtained. 
Fetal and maternal outcomes were considered at delivery: 
fetal weight and growth (appropriate, small, and large for 
gestational age), malformations, neonatal hypoglycemia, 
hypocalcaemia, hyperbilirubinemia, type of delivery (spon-
taneous vaginal delivery and cesarean section), miscarriage, 
maternal, and infant mortality.

Statistical analysis

Continuous variables are expressed as mean ± standard 
deviation (SD) and categorical variables as percentage. 
Continuous variables were tested for normality with Kol-
mogorov–Smirnov test. Differences between two groups 
were evaluated with independent sample t test for normally 
distributed continuous variables and with Mann–Whitney 
U test, for not normally distributed continuous variables. 
The one-way ANOVA was used to compare means of more 
than two independent groups. The one-way ANCOVA test 
was used to analyze differences in means between groups, 
adjusting for covariates. Categorical variables between 
groups were compared using Chi-squared Test. The Pearson 
correlation coefficient was obtained to test the association 
between variables. A p value < 0.05 was considered statisti-
cally significant. Variables presenting clinical relevance and 
statistical significance (p < 0.05) upon univariate analysis 
were included in the logistic regression model for prediction 
of insulin therapy requirement. Odds ratios and the probabil-
ity of insulin requirement were estimated for the variables 
included in this model. Statistical analysis was performed 
with IBM SPSS Statistics software version 23 (Chicago, IL, 
USA).
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Results

Clinical and biochemical parameters of patients and mater-
nal and fetal outcomes are reported in Tables 1 and 2.

Prevalence of insulin therapy was significantly higher in 
Asians than in Caucasians (63.6 vs 40.7%, p value = 0.006), 
despite a significantly lower pre-pregnancy BMI in Asians 
vs Caucasians (28.2 ± 6.9 vs 23.8 ± 4.6 kg/m2, p = 0.000).

An increased requirement for insulin therapy was 
observed in patients with pre-pregnancy BMI ≥ 25 kg/m2 
vs patients with pre-pregnancy BMI < 25 kg/m2 (61.3 vs 
41.3%, p = 0.04).

Patients requiring insulin therapy had higher fasting 
plasma glucose at OGTT than patients in medical nutrition 
therapy (93.1 ± 11.3 vs 97.1 ± 11.9 mg/dl, p = 0.003).

A logistic regression analysis was performed to evaluate 
the effect of age, ethnicity, pre-pregnancy BMI, and fast-
ing plasma glucose at OGTT on the requirement of insulin 
therapy. The factors identified as independent predictors of 

insulin therapy were Asian ethnicity, age ≥ 35 years, and 
pre-pregnancy BMI ≥ 25 kg/m2 Table 3.

Frequency of cesarean section was higher in women with 
age ≥ 35 years than in women with age < 35 years (86.6 
vs 57.1%, p = 0.02) and a significant negative correlation 
between duration of pregnancy and maternal age was found 
(r − 0.3 p = 0.013). Gestational week of delivery was lower 
in patients with age ≥ 35 years in comparison with patients 
with age  <  35  years (37.7  ±  1.5 vs 38.8  ±  1.6  weeks, 
p = 0.013). Prevalence of pre-term delivery (< 37 weeks) 
was 8.1%.

Basal plasma glucose at OGTT was significantly higher 
in patients with pre-pregnancy BMI ≥ 25 kg/m2 than in 
normal weight patients (93.7 ± 9.9 vs 87.5 ± 12.8 mg/dl, 
p = 0.016). Whereas 1-h plasma glucose at OGTT was sig-
nificantly lower in obese patients compared with normal 
weight (147.7 ± 31.6 vs 178 ± 27.8 mg/dl, p = 0.03) and 
overweight patients (147.7 ± 31.6 vs 188.0 ± 27.4 mg/dl, 
p = 0.03).

Prevalence of GDM in a previous pregnancy was signifi-
cantly higher in patients with pre-pregnancy BMI ≥ 25 kg/
m2, compared with normal weight patients (17 vs 0%, 
p = 0.002).

No significant differences were found in fetal ultrasound 
parameters and neonatal outcomes.

Table 1   Clinical and biochemical parameters

Data are expressed as mean ± SD or %

Patients (n) 183
Clinical
 Age (years) 33.8 ± 5.5

Ethnicity (%)
 Caucasian 59
 Asian 30.6
 Other 10.4

Prior GDM (%) 17
Previous fetal macrosomia (%) 1
Nulliparity (%) 37.8
Family history of T2D (%) 40
Pre-pregnancy BMI (%)
 ≤ 24.9 42.6
 25–29.9 29.5
 ≥ 30 27.9

BMI, III trimester (kg/m2) 29.6 ± 5.4
Δ-Weight (Kg) 7.8 ± 5.5
Arterial Hypertension (%) 6
Laboratory
 HbA1c  % (mmol/mol) 5.4 ± 0.5 (35 ± 6)
 Total cholesterol (mg/dl) 253.0 ± 53.4
 LDL cholesterol (mg/dl) 135.6 ± 44.2
 HDL cholesterol (mg/dl) 69.8 ± 16.5
 Triglycerides (mg/dl) 226.6 ± 100.3
 OGTT—Glycemia T 0′ (mg/dl) 89.7 ± 11.9
 OGTT—Glycemia T 60′ (mg/dl) 176.9 ± 29.8

OGTT—Glycemia T 120′ (mg/dL) 150.0 ± 30.5
 Week of gestation at delivery 38.3 ± 1.6

Table 2   Maternal and fetal outcomes

Data are expressed as mean ± SD or  %

Maternal
 Insulin therapy (%) 49.2
 Cesarean section (%) 68.9

Neonatal
 Weight (g) 3223 ± 495
 Length (cm) 49.3 ± 2.3
 Hypoglycemia (%) 8.7
 Hypocalcemia (%) 0
 Hyperbilirubinemia (%) 4.3
 Respiratory distress syndrome (%) 4.3

Table 3   Logistic regression analysis for prediction of insulin require-
ment in the study population

Parameter p Odds ratio (95% CI)

Asian ethnicity 0.02 3.3 (1.2–9.2)
Age ≥ 35 years 0.01 3.6 (1.3–9.6)
Pre-pregnancy 

BMI ≥ 25 kg/m2
0.04 2.6 (1.1–6.3)
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Discussion

The aim of this observational study was to evaluate the 
effect of the risk factors considered for selective screening 
for GDM on maternal and fetal outcomes.

Asian ethnicity was independently associated with the 
need for insulin treatment, despite a significantly lower pre-
pregnancy BMI. Many studies have found some clinical or 
biochemical parameters at diagnosis which is associated 
with the requirement for insulin therapy [20–28]. Most of 
them included pre-pregnancy BMI ≥ 30 kg/m2 and non-
European ethnicity [29]. In this study, an increased require-
ment for insulin therapy was also observed in pre-pregnancy 
overweight patients, probably due to the effect of insulin 
resistance: increasing peripheral insulin resistance, which is 
already physiologically exacerbated during pregnancy, was 
found to be an important predictor of poor glycemic control 
in pregnant women with GDM [30]. It is well known that 
obesity is one of the main risk factors for GDM develop-
ment and insulin therapy requirement; however, the relative 
contribution of this risk factor might differ by race/ethnicity. 
Yet, there is ongoing debate on the definition of overweight 
and obesity in Asian populations. The WHO and the ADA 
have recommended the use of lower body mass index (BMI) 
cut-off points for Asians (< 23 kg/m2 for normal weight) as 
the lower BMI cutoffs better identify health risks for T2D 
and cardiovascular disease among Asians [31, 32]. The rea-
sons why Asians have higher risk for GDM and for insulin 
therapy at a lower BMI might be attributed to a genetic pre-
disposition toward increased insulin resistance in the muscle 
or increased levels of visceral fat [11]. In this view, the effect 
of higher values of BMI in predicting the need for insulin 
treatment might be “masked” by the effect of ethnicity in 
this study population.

Frequency of cesarean section was found to be higher in 
patients with age ≥ 35 years. This result was also observed 
in other studies [33–36] and it might reflect the picture in 
the general population, regardless of the presence of GDM. 
In fact, in developed countries, the relative risk of cesarean 
section among women with age ≥ 35 years with single preg-
nancy is increased by 1.39–2.76 times compared to women 
aged < 35 years [33]. It is well documented that prevalence 
of cesarean section in pregnancies complicated by GDM 
is higher than in normal pregnancies, mainly due to high 
prevalence of macrosomia in uncontrolled GDM. However, 
Gorgal et al. observed an higher incidence of cesarean sec-
tion in GDM patients, regardless of fetal weight. Thus, this 
finding may be due to the higher prevalence of both GDM 
and cesarean section in women older than 35 years [37]. 
Moreover, the higher prevalence of cesarean section in older 
pregnant women with GDM could also reflect an attitude of 
gynecologists to lower risks of possibly difficult deliveries.

A significant negative correlation between maternal age 
and duration of gestation was found, although an associa-
tion between maternal age and pre-term delivery was not 
observed. In the literature, most studies are observed no 
association between increased maternal age and pre-term 
delivery, but there are still conflicting data on this issue 
[38–40]. Thus, further studies are needed to evaluate this 
aspect, especially in pregnancy complicated by GDM.

Elevated fasting blood glucose level at GDM diagno-
sis was found to be predictive of insulin therapy in GDM 
[21–23, 25–27]. In this study, fasting plasma glucose at 
OGTT was associated with insulin requirement. However, 
in multivariate analysis, it was not an independent predic-
tion of insulin therapy. In other studies, 1- and/or 2-h plasma 
glucose levels at OGTT were significantly higher in insulin-
treated group compared with diet group [21, 25, 28]. In this 
population, 1-h plasma glucose at OGTT was significantly 
lower in obese patients compared with normal weight and 
overweight patients, possibly reflecting a higher degree of 
insulin resistance in the obese group.

Moreover, the previous GDM is a well-established risk 
factor. It has been demonstrated that recurrence of GDM is 
strongly associated with pre-pregnancy BMI ≥ 30 kg/m2 
[41]. In a recent meta-analysis, pre-pregnancy BMI was also 
found to be one of the main predictors for GDM recurrence 
[29]. In accordance with this findings, in this study group, 
prevalence of the previous GDM was 17% and all patients 
with recurrent GDM were overweight before pregnancy.

Conclusions

In conclusion, ethnicity, BMI, and age showed to have the 
heaviest impact on pregnancy outcomes in women with 
GDM. In this view, it is worth recognizing these risk fac-
tors at diagnosis, or at an early stage, to better customize the 
management of the disease and to prevent adverse outcomes.
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