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Abstract: Background and Objectives: The prevalence of gestational diabetes mellitus (GDM) signif-
icantly varies across different ethnic groups. In particular, Africans, Latinos, Asians and Pacific
Islanders are the ethnic groups with the highest risk of GDM. The aim of this study was to evaluate
the impact of ethnicity on pregnancy outcomes in GDM. Patients and Methods: n = 399 patients with
GDM were enrolled, n = 76 patients of high-risk ethnicity (HR-GDM), and n = 323 of low-risk ethnicity
(LR-GDM). Clinical and biochemical parameters were collected during pregnancy until delivery.
Fetal and maternal short-term outcomes were evaluated. Results: HR-GDM had significantly higher
values of glycosylated hemoglobin checked at 26–29 weeks of gestation (p < 0.001). Gestational
age at delivery was significantly lower in HR-GDM (p = 0.03). The prevalence of impaired fetal
growth was significantly higher in HR-GDM than LR-GDM (p = 0.009). In logistic regression analy-
sis, the likelihood of impaired fetal growth was seven times higher in HR-GDM than in LR-GDM,
after adjustment for pre-pregnancy BMI and gestational weight gain (OR = 7.1 [2.0–25.7] 95% CI,
p = 0.003). Conclusions: HR-GDM had worse pregnancy outcomes compared with LR-GDM. An
ethnicity-tailored clinical approach might be effective in reducing adverse outcomes in GDM.

Keywords: gestational diabetes mellitus; GDM; race; ethnicity; pregnancy; pregnancy outcomes;
pregnancy complications; large for gestational age

1. Introduction

Gestational diabetes mellitus (GDM) refers to “diabetes diagnosed in the second or
third trimester of pregnancy that was not clearly overt diabetes prior to gestation” [1]. This
condition is broadly diffused worldwide, even though its prevalence is largely influenced
by race or ethnicity, as well as by the heterogeneity of the diagnostic criteria adopted in
different countries.

It is well known that belonging to specific ethnicities significantly increases the risk of
developing GDM. Specifically, high-risk ethnic groups are South and East Asians, Africans,
Hispanics, Native Americans and Pacific Islanders [2–5]. Adverse fetal and maternal outcomes
are recognized to be associated with GDM. Perinatal complications encompass impaired fetal
growth, which include large for gestational age (LGA, neonatal weight > 90th percentile)
and, to a lesser extent, small for gestational age (SGA, neonatal weight < 10th percentile)
newborns [6]. Moreover, offspring of women with GDM have increased risk of fetal malforma-
tions, rendering antenatal and perinatal management mandatory [7,8]. Maternal short-term
complications include preterm delivery, gestational hypertension, preeclampsia and increased
rate of caesarean section [9,10]. As for long-term complications, both mothers and infants have
an increased likelihood of developing type 2 diabetes (T2D), metabolic syndrome, obesity,
and cardiovascular disease (CVD) later in life [9–11]. In light of this, prompt diagnosis and
appropriate management of GDM, together with long-term follow-up of patients and infants
might effectively limit the burden of GDM-related adverse outcomes.
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In recent years, the volume of human migration to high income countries has been
increasing due to political issues and economic crises. Migration flow includes a large num-
ber of women of childbearing age, markedly influencing the patterns of reproductive health
in receiving countries [12]. Ethnic minorities carry with them their genetic background and
lifestyle habits, which inevitably merge with high income countries’ cultures, increasing
the risk of developing cardiovascular and metabolic diseases [13,14]. Although pregnancy
and birth are physiological events, migrants might experience substantial language and
cultural barriers that limit their access to maternal and neonatal care in destination coun-
tries [15]. There is growing concern about the high risk of pregnancy complications and
adverse outcomes in ethnic minorities, which urges the adoption of pregnancy monitoring
schedules and health policies tailored for ethnic-specific characteristics, in order to reduce
the impact of the increased burden of these diseases on healthcare systems.

The understanding of the differences between specific ethnic groups helps in manag-
ing pregnancy complications and might considerably limit the burden of GDM. Several
retrospective cohort studies have observed ethnic disparities in short-term and long-term
outcomes of GDM, reporting conflicting results. In particular, an increased risk of adverse
fetal outcomes has been reported in high-risk ethnicities compared to low-risk counter-
parts [16,17]. However, other studies showed only a modest impact or no effect of race or
ethnicity on pregnancy outcomes [18–20]. Of note, not all high-risk ethnic groups have
been linked to adverse outcomes. Specifically, Asians were consistently reported to have
the lowest risk of LGA and macrosomia compared with other ethnicities [21–23].

The aim of this study was to evaluate the impact of ethnicity on short-term pregnancy
complications, in order to identify relevant risk factors for adverse perinatal outcomes in
patients with GDM.

2. Patients and Methods
2.1. Patients

This study involved n = 399 patients with GDM, n = 76 of high-risk ethnicity (HR-
GDM), and n = 323 of low-risk ethnicity (LR-GDM), recruited in the outpatient clinics of
Policlinico Umberto I, “Sapienza” University Hospital of Rome, between 2015 and 2021.
LR-GDM were all Caucasian, while HR-GDM were 71.1% Asian, 15.8% African, 13.1%
Hispanic. All subjects gave their informed consent for inclusion before they participated in
the study. The study was conducted in accordance with the Declaration of Helsinki, and
the protocol was approved by the Hospital Ethics Committee of “Sapienza” University of
Rome (project identification code 3830, date of approval 22 October 2015).

Current recommendations were applied to diagnose GDM [24]. Exclusion criteria
were: age < 18 years; pre-pregnancy diabetes (T2D and Type 1 diabetes); alcohol or drug
abuse; psychiatric diseases; multiple pregnancy. The patients were evaluated monthly
from diagnosis until delivery. A detailed medical history was collected (age, ethnicity,
family history, physiological, obstetrical, pharmacological anamnesis, previous diseases).
Anthropometric and vital parameters were obtained (weight, BMI, blood pressure, and
heart rate). The following laboratory parameters were collected: fasting plasma glucose
(FPG), 1-h and 2-h PG after 75-g oral glucose tolerance test (OGTT), glycated haemoglobin
(HbA1c), total cholesterol [TC], triglycerides [TG], high density lipoprotein cholesterol
[HDL-c], calculated low density lipoprotein cholesterol [LDL-c]), complete blood count.
Information about therapy for GDM (diet or insulin) and other therapies (antihypertensive,
other drugs) was also collected. Fetal ultrasound parameters at third trimester and delivery
outcomes were obtained (gestational week at delivery, type of delivery, neonatal weight,
Apgar index, maternal and fetal complications).

A follow-up visit 6–12 weeks after delivery was performed to check post-partum
OGTT results.
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2.2. Statistical Analysis

Mean values ± standard deviations are reported for continuous variables. Frequencies
are reported for categorical variables. Kolmogorov–Smirnov testing was used to check for
normal distribution of variables. Differences between groups were tested with unpaired
sample t-testing or Mann–Whitney U testing, according to normal or skewed distribution,
respectively. Categorical variables were compared with Fisher’s exact test. Differences
between groups were evaluated with a linear model, adjusting for covariates. Univariable
and multivariable regression analyses were performed to evaluate the association between
the variables of interest, adjusting for confounding factors. A p-value < 0.05 was considered
statistically significant. Statistical analysis was performed with IBM SPSS Statistics software
version 23 (Chicago, IL, USA).

3. Results

The clinical and laboratory parameters of the enrolled population are reported in
Tables 1 and 2, respectively. The fetal US parameters at the third trimester are shown in Table 3.

Table 1. Clinical parameters.

HR-GDM
n = 76

LR-GDM
n = 399 p-Value

Age (years) 31.6 ± 5.0 34.8 ± 5.4 <0.001 *
Gestational week at enrolment (n) 27.4 ± 6.1 27.6 ± 5.3 0.78
Pre-pregnancy BMI (kg/m2) 26.6 ± 6.0 26.6 ± 6.7 0.97
3rd trimester BMI (kg/m2) 29.9 ± 6.6 30.0 ± 6.3 0.92
Family history of T2D (%) 60.6 36.1 <0.001 *
Previous GDM (%) 20.5 9.0 0.012 *
Nulliparity (%) 26.0 34.3 0.21
Previous miscarriages (%) 24.7 37.6 0.17 ‡
Insulin therapy (%) 50.0 40.1 0.15
Gestational hypertension (%) 5.4 8.1 0.63

HR-GDM: High-risk ethnicity; LR-GDM: low-risk ethnicity; BMI: body mass index; T2D: type 2 diabetes; SBP:
systolic blood pressure; DBP: diastolic blood pressure; * p < 0.05; ‡ Adjusted for age. Data are expressed as
mean ± standard deviation or as frequencies.

Table 2. Laboratory parameters.

HR-GDM
n = 76

LR-GDM
n = 399 p-Value

FPG (mg/dL) 99.6 ± 16.3 92.5 ± 14.7 0.18
Gestational week OGTT (n) 23.1 ± 5.6 24.6 ± 4.7 0.035 *
Glycaemia T0 16–18 w (mg/dL) 94.9 ± 14.8 92.9 ± 11.1 0.55
Glycaemia T60 16–18 w (mg/dL) 188.1 ± 31.3 171.7 ± 40.6 0.14
Glycaemia T120 16–18 w (mg/dL) 146.6 ± 34.9 144.8 ± 36.7 0.85
Glycaemia T0 24–28 w (mg/dL) 91.3 ± 11.8 88.0 ± 11.5 0.09
Glycaemia T60 24–28 w (mg/dL) 177.6 ± 35.0 176.9 ± 32.5 0.90
Glycaemia T120 24–28 w (mg/dL) 153.9 ± 30.7 149.4 ± 34.5 0.42
HbA1c (26–29 w) (%) 5.6 ± 0.4 5.3 ± 0.5 <0.001 *
TC (mg/dL) 230.2 ± 46.9 252.5 ± 57.5 0.06
LDL-c (mg/dL) 120.4 ± 43.6 140.3 ± 49.4 0.056
HDL-c (mg/dL) 63.2 ± 16.7 72.0 ± 26.4 0.13
Triglycerides (mg/dL) 233.5 ± 60.1 222.5 ± 101.8 0.59

HR-GDM: High-risk ethnicity; LR-GDM: low-risk ethnicity; w: weeks; FPG: fasting plasma glucose; OGTT:
oral glucose tolerance test; HbA1c: glycated hemoglobin; TC: total cholesterol; LDL-c: LDL-cholesterol; HDL-c:
HDL-cholesterol; * p < 0.05; Data are expressed as mean ± standard deviation.
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Table 3. Fetal ultrasound parameters (third trimester).

HR-GDM
n = 76

LR-GDM
n = 399 p-Value

Gestational week (n) 29.2 ± 4.9 30.1 ± 4.3 0.34
BPD (mm) 72.6 ± 13.6 76.6 ± 14.0 0.24
HC (mm) 255.3 ± 52.0 280.8 ± 38.8 0.06
AC (mm) 247.1 ± 66.1 264.6 ± 61.0 0.24
FL (mm) 55.4 ± 12.5 58.4 ± 9.8 0.24
HL (mm) 49.1 ± 11.7 52.5 ± 7.5 0.16
EFW (g) 2033.2 ± 467.0 1911.8 ± 564.0 0.48

HR-GDM: High-risk ethnicity; LR-GDM: low-risk ethnicity; BPD: biparietal diameter; HC: head circumference;
AC: abdominal circumference; FL: femur length; HL: humeral length; EFW: estimated fetal weight; data are
expressed as mean ± standard deviation.

Mean age was significantly lower in HR-GDM than in LR-GDM (31.6 ± 5.0 vs.
34.8 ± 5.4 years, p < 0.001)

The prevalence of first-degree family history of T2D was significantly higher in the
HR-GDM group than in the LR-GDM group (60.6% vs. 36.1% p < 0.001).

A greater percentage of patients in the HR-GDM group had previous GDM, compared
with the LR-GDM patients (20.5% vs. 9.0%, p = 0.012).

HbA1c values checked at 26–29 weeks of gestation were higher in HR-GDM patients
compared with LR-GDM patients (5.6 ± 0.4 vs. 5.3 ± 0.5%, p < 0.001).

Delivery data were available for n.28 HR-GDM patients and n.83 LR-GDM patients
(Table 4). Gestational age at delivery was significantly lower in HR-GDM than in LR-GDM
(37.1 ± 1.3 vs. 38.3 ± 1.8 weeks, p = 0.03).

Table 4. Neonatal parameters and pregnancy outcomes.

HR-GDM
n = 28

LR-GDM
n = 83 p-Value

Gestational week delivery (n) 37.1 ± 1.3 38.3 ± 1.8 0.009 *
Caesarean section (%) 72.2 66.7 0.78
Impaired growth 35.7 12.0 0.009 *

LGA (%) 21.4 7.2 -
SGA (%) 14.3 4.8 -

Apgar score 8.6 ± 0.6 9.0 ± 0.9 0.07
Hypoglycemia (%) 16.7 2.4 0.13
Jaundice (%) 8.3 2.5 0.41
ARDS (%) 0 2.4 1.00

HR-GDM: High-risk ethnicity; LR-GDM: low-risk ethnicity; LGA: large for gestational age; SGA: small for
gestational age; ARDS: acute respiratory distress syndrome; * p < 0.05; Data are expressed as mean ± standard
deviation or as frequencies.

The prevalence of impaired fetal growth was 18% in the whole population (LGA 10.8%
and SGA 7.2%), and was significantly higher in HR-GDM (35.7% vs. 12.0%, p = 0.009).

According to logistic regression analysis, the likelihood of impaired fetal growth was
four times higher in HR-GDM patients than in LR-GDM patients (OR = 4.1 [1.5–11.2]
95% CI, p = 0.007). In the multivariate model, HR-GDM was an independent predictor of
impaired fetal growth, after adjustment for pre-pregnancy BMI and gestational weight gain
(OR = 7.1 [2.0–25.7] 95% CI, p = 0.003).

Only 16.1% of patients adhered to the follow-up visit 6–12 weeks after delivery.

4. Discussion

GDM can lead to severe pregnancy complications and has become a major public
health problem worldwide.

In this study, a sample of pregnant women with GDM were followed-up until delivery
and pregnancy outcomes were compared according to ethnicity.



Medicina 2022, 58, 1161 5 of 8

Relevant differences emerged between patients belonging to ethnic groups consid-
ered high-risk and low-risk for GDM, both in the baseline risk factors, and in pregnancy
outcomes. In particular, the HR-GDM group were significantly younger than LR-GDM
patients, despite the comparable prevalence of nulliparity between the two groups. This
aspect might mirror relevant cultural differences in approaches to pregnancy across differ-
ent ethnic groups. Furthermore, a greater proportion of HR-GDM patients had first-degree
family history of T2D, which is another major risk factor for GDM. These findings are in
line with previous evidence indicating diverse background characteristics between Cau-
casian and non-Caucasian women with GDM [20,25,26]. Specifically, in a retrospective
analysis conducted in Italy, Caucasian GDM patients were significantly older than non-
Caucasians [20]. In another study, non-Caucasian women with GDM were younger and
had higher prevalence of family history of T2D compared with Caucasian women [26].

It is well established that previous history of GDM markedly increases the incidence
of GDM in subsequent pregnancies [27]. In this study, the percentage of women with
recurrent GDM was higher in the HR-GDM group compared with the LR-GDM group
(20.5% vs. 9%), despite the younger age of HR-GDM patients. Accordingly, although the
rate of GDM recurrence is not yet well defined, studies in which the majority of patients
belonged to high risk ethnic groups reported higher GDM recurrence rates than studies
involving mostly low-risk populations [28].

Although it remained in the normal range, HbA1c measured at GDM diagnosis in
the early third trimester was significantly higher in HR-GDM compared with LR-GDM,
reflecting higher mean glycemic levels in the previous three months in the high-risk patients.
Although OGTT is the gold standard for GDM diagnosis due to its high sensitivity and
specificity, it has been observed that HbA1c values in the first trimester of pregnancy
are predictive of GDM and postpartum T2D [29–32]. In addition, several studies have
suggested an association between different cut-off levels of HbA1c during pregnancy and
adverse outcomes in GDM [29,33–36]. The mean value of HbA1c decreases by 0.5% in
pregnancy compared with pre-pregnancy values, mainly due to the shorter half-life of
erythrocytes [37]. In light of this, some studies have tried to define a pregnancy-specific
normal range of HbA1c, which seems to stand between 4.3 and 5.4% [38]. Values above this
range have previously been associated with poor pregnancy outcomes in GDM [29,33–36].
Accordingly, compared with LR-GDM women in this study, HR-GDM had mean values of
HbA1c above this range and a more frequent occurrence of birth weight impairment. In light of
this, further studies are necessary to define the role of HbA1c in predicting GDM and adverse
outcomes. In particular, a pregnancy-specific HbA1c cut-off might have clinical usefulness for
identifying at an early stage pregnancies with increased risk of GDM complications, helping
physicians in tailoring GDM management according to risk stratification.

In this study, impaired fetal growth was more frequent in HR-GDM patients than
in LR-GDM patients, even after adjustment for confounding factors. In recent decades, a
growing number of studies have reported ethnic disparities in the development of GDM
complications. Most of these studies showed that high-risk ethnicities were associated with
a greater risk of poor pregnancy outcomes, compared with low-risk ethnicities. In particular,
Silva et al. observed that Pacific Islanders and Filipinos had increased prevalence of macro-
somia compared with Japanese, Chinese, and Caucasian women [17]. Similarly, in another
retrospective study, non-Caucasian patients had more frequent occurrence of macrosomia
and LGA, regardless of confounding factors such as BMI and maternal glycemic control [39].
Of note, the risk of adverse perinatal outcomes seems to vary substantially even across
high-risk ethnicities. In particular, Asian women with GDM, especially South Asians, have
been consistently reported to have lower risk of LGA and macrosomia compared with other
ethnic groups [21,23,30,40]. Some studies have found that non-Hispanic black women with
GDM had the highest risk of LGA [21,23,30,40]. Meanwhile, in another study, the high-
est risk of Caesarean section and perinatal complications (LGA, neonatal hypoglycemia)
was associated with Hispanic ethnicity compared with other groups, including African
patients [16]. However, the proportion of black patients included in the latter analysis was
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relatively low. On the other hand, not all studies have observed relevant differences in
perinatal outcomes among different ethnic groups [19,20].

Several studies have focused on other outcomes such as incident diabetes after GDM,
reporting conflicting results. Specifically, Shen et al. observed that Chinese women with
previous GDM had the greatest risk of T2D in the following 10 years, whereas African Amer-
ican and Caucasian women had intermediate and low risk, respectively [41]. Conversely, in
a recent meta-analysis including more than 80,000 women with previous GDM, the highest
incidence of T2D after GDM was associated with black ethnicity [42,43]. In our study, only
a small proportion of women underwent post-partum screening (16.1%). Due to the lack of
data about OGTT 6–12 weeks after delivery, the incidence of post-partum diabetes in this
population could not be estimated. Overall, rates of recommended post-partum screen-
ing are reportedly low (around 40–50%) [42–44] and seem to be associated with several
socio-cultural factors, including education, parity, and race or ethnicity [44]. These results
suggest the need for urgent strategies to increase post-partum follow-up adherence, in
order to reduce the burden of long-term maternal and fetal complications of GDM, namely
T2D and cardiovascular diseases, through appropriate preventive intervention programs.

Overall, in light of these findings, specific ethnic groups that are at high risk of
complications might benefit from more tailored education and intervention strategies and
follow-up programs in the management of GDM. Moreover, the monitoring of HbA1c
might be of clinical utility to avoid poor maternal and fetal outcomes in pregnant women
with GDM.

The main limitations of this study were the retrospective nature of the analysis and the
small number of patients included in the evaluation at term and after delivery, which calls
for cautious interpretation. Future studies with larger sample sizes and longer follow-ups
are mandatory to confirm these findings.

5. Conclusions

Ethnic groups at high risk of developing GDM had worse glycemic control at GDM
diagnosis, lower gestational age at delivery, and increased risk of impaired fetal growth.

Given the implications of poor perinatal outcomes associated with GDM, the adoption
of ethnic-specific management strategies might be useful in clinical practice.
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