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Abstract: Background: Pregestational diabetes mellitus, if not well controlled, determines maternal
and fetal complications. According to the new diagnostic criteria for gestational diabetes, the
diagnosis of diabetes mellitus can also occur in early pregnancy (overt diabetes). Aim: This study
aims to determine pregnancy outcomes in women with overt diabetes compared to women with pre-
existing type 2 diabetes. Methods: In this retrospective study, we selected women with pre-existing
type 2 and overt diabetes who had at least one pregnancy in the 2010–2022 period at the Diabetic
Care Unit of Padova. Results: We analyzed 83 pregnancies, and overt diabetes was diagnosed in
18 pregnancies. In total, 95.5% of patients with overt diabetes and 48% of T2DM patients were
immigrants (p < 0.143). No patients with overt diabetes planned their pregnancy, while pregnancy
was planned in 26.3% of patients with pre-exiting type 2 diabetes (p < 0.05). Periconception and
first-trimester glycemic control were the worst in patients with overt diabetes (HbA1c 9.7 ± 3.1% vs.
7.3% ± 2.3%, p < 0.044, at first visit; 8.1 ± 1.9% and 7.0 ± 1.6%, p < 0.037 in the first trimester) with
respect to patients with pre-existing type 2 diabetes. As for maternal outcomes, 16.6% of pregnancies
ended in miscarriage, and 5.5% of women developed gestational hypertension; as for newborn
outcomes, 16.6% of newborns were LGA, and 11.1% were affected by congenital anomalies without
any significant difference with respect to women with pre-existing type 2 diabetes. The high rate of
congenital malformations in pregnancies of women with overt diabetes is probably a result of the
poor, metabolic control observed during the periconception period when the organogenesis of the
fetus takes place. Conclusions: It is essential to utilize procedures for diabetes screening in women of
childbearing age not only at the beginning of the pregnancy, but also during the preconception phase
or the postmenarcheal period when strong risk factors for diabetes onset are present, such as a high
BMI, glycemic disorders, and those who fall under high-risk ethnicity categories.
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1. Introduction

The International Association of Diabetes and Pregnancy Study Group (IADPSG) in
2010, based on the results of the Hyperglycemia and Adverse Pregnancy Outcome (HAPO)
study [1], defined gestational diabetes (GDM) as “a glucose intolerance with the onset or
first recognition during pregnancy that is not clearly an overt diabetes” and recommended
a new method for the screening and diagnosis of GDM with a one-step approach (OGTT
75 g) with respect to a previous two-step approach (glucose challenge test plus OGTT).
Furthermore, the IADPSG underlined the importance of diagnosing “Overt Diabetes”,
which is defined as “hyperglycemia first recognized during pregnancy which meets the
diagnostic threshold of diabetes in non-pregnant adult” [2]. Overt diabetes in pregnancy is
a severe form of hyperglycemia; thus, efforts must be carried out to recognize this condition
as soon as possible in order to reduce the adverse maternal and fetal outcomes related
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to it [3–5]. Within this framework, the IADPSG, ADA, WHO, FIGO, Endocrine Society,
ACOG, and Italian guidelines have stated that all pregnant women must be screened for
overt diabetes at the first prenatal visit by measuring fasting plasma glucose, random
plasma glucose, or HbA1c values including the following: fasting plasma glucose equal to
or higher than 126 mg/dL; random plasma glucose equal to or higher than 200 mg/dL;
and HbA1c equal to or higher than 6.5%. These values must be considered as diagnostics
for overt diabetes, if confirmed [2,3,6–9].

Most studies published in the literature compare the pregnancy outcomes of pregnant
women affected by overt diabetes to those of women affected by gestational diabetes, ex-
hibiting worse maternal and fetal outcomes in the former compared to the latter, including
higher rates of pregnancy-induced hypertension, pre-eclampsia, neonates that are large
for gestational age (LGA), neonatal hypoglycemia, and shoulder dystocia [10–14]. GDM
and overt diabetes are two distinct clinical conditions; in fact, GDM is characterized by
increased insulin resistance that is induced by the pregnancy, which is not compensated by
adequate insulin secretion, while overt diabetes is the result of β-cell dysfunction in the
background of chronic insulin resistance in pre-existing pregnancies [2,3].

Type 2 diabetes in pregnancy is increasing, accounting for 30–50% of pregestational
diabetes, and it is related to worse maternal and fetal outcomes. As for mothers’ complica-
tions, women affected by type 2 diabetes in pregnancies are at a higher risk of miscarriage,
pre-eclampsia, gestational hypertension, cesarean delivery, and pre-term delivery [15,16].
Neonates of women with type 2 diabetes are at higher risk of LGA, birth trauma, respira-
tory distress, hypoglycemia, hyperbilirubinemia, hypocalcemia, and congenital malforma-
tions [15,16].

Due to the similar physiopathology of overt diabetes and pre-existing type 2 diabetes,
women with overt diabetes may be at the same risk of adverse outcomes as those with
known pre-existing diabetes, but data reported in the literature are scarce and conflicting.
In particular, Oppermann et al. have shown that there are no differences in pregnancy
outcomes in the two groups of evaluated pregnant women [17]. Significant differences
in macrosomia and neonatal jaundice are reported by Schiller et al: this study compared
pregnant women with prediabetes and pregnant women with pregestational overt type
2 diabetes, which included women with known type 2 diabetes or those that are first
diagnosed during pregnancy [18]. Thus, we think it is of interest to study the pregnancy
outcomes of women affected by overt diabetes and compare them to those of women with
known pre-existing type 2 diabetes.

2. Materials and Methods

We retrospectively evaluated only pregnant women with a diagnosis of pre-existing
type 2 diabetes (T2DM) and women with a diagnosis of overt diabetes (ODM), according to
IADPSG criteria [2], who had at least one pregnancy in the 2010–2022 period at the Diabetic
Care Unit of Padova.

Women with type 1 diabetes, latent autoimmune diabetes of the adult (LADA), matu-
rity onset diabetes of the youth (MODY), and GDM were excluded from the study. Overt
diabetes was diagnosed according to the ADA and WHO criteria [3,4]. Data were extracted
from electronic medical records. During the first postconception pregnancy visit, physi-
ological and obstetric history were collected: pre-pregnancy weight and BMI, pregnancy
planning, date of last menstruation, parity, previous GDM, and pregnancy outcome of
previous pregnancies. During pregnancy, glycated hemoglobin, fasting glycemia, microal-
buminuria, systolic and diastolic blood pressure, and weight gain were collected. As
for chronic diabetes complications, retinopathy (ophthalmological evaluation), nephropa-
thy (albumin/creatinine ratio exceeding 30 mg/g), chronic hypertension (reported in the
patient’s medical history or by use of hypertensive drugs), and neuropathy (clinical eval-
uation) were assessed. At their first and follow-up visits, women were followed by a
multidisciplinary team consisting of a diabetologist, a dietician, and a nurse. They were
counseled about maternal and fetal risks related to diabetes: they received an individual-
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ized diet, which was customized with respect to immigrant patients according to ethnicity;
they were educated to perform self monitoring blood glucose and insulin therapy; and
they underwent periodic clinical and biochemical evaluations. As for maternal outcomes,
miscarriages, the mode and time of delivery, pre-eclampsia, neonatal outcomes, weight
and length at birth, shoulder dystocia, hypoglycemia, jaundice, hypocalcemia, respiratory
distress, and congenital malformations were recorded.

Height was measured during the first appointment, and weight was measured at each
visit. The body mass index (BMI) was calculated as weight in kilograms divided by the
square of the height (kg/m2).

Newborns were classified as LGA if their birth weight was in the >90th percentile;
alternatively, they were classified as small for gestational age (SGA) if their birth weight
was in the <10th percentile, based on the standard growth and development tables of the
WHO chart [19].

Plasma glucose levels were measured using the glucose oxidase method [20]. HbA1c
was measured using a standardized HPLC method with IFCC aligned [21].

The study was conducted according to the guidelines of the Declaration of Helsinki
and approved by the Ethics Committee of the Province of Padova. Approval study (num-
ber 1248). Informed consent was obtained from all subjects involved in the study.

Statistical Evaluation

The data were processed with IBM SPSS 25 statistical programs. Continuous quanti-
tative variables are expressed as means ± standard deviations, and they were compared
with Student’s t-test. Non parametric data are expressed as % and analyzed with X2 and
Fisher’s tests. A p-value of <0.05 was considered statistically significant.

3. Results

We analyzed 83 pregnancies in 68 patients: Overt diabetes was diagnosed in 18 preg-
nant women, and 50 women with 65 pregnancies were affected by pre-existing type 2
diabetes. It is noteworthy that 94.5% of patients with ODM were immigrants who were
mainly from South East Asia and Sub-Saharan Africa. ODM pregnancies were diagnosed
at an average of 8.5 gestational weeks (g.w.). With respect to clinical and metabolic char-
acteristics, the two groups are comparable in terms of age, pre-pregnancy BMI, chronic
hypertension, and previous pregnancies. All patients were treated with insulin during
pregnancies with a basal bolus approach, and the insulin dosage during the pregnancy is
shown in Table 1. Retinopathy was significantly higher, and other diabetic complications
were higher even if not significant in women with T2DM with respect to women with ODM
(Table 1). On the other hand, the two groups differed significantly in terms of glycemic
control at the first visit and in the first trimester, which was worst in women with ODM
(HbA1c 9.7± 3.1% vs. 7.3% ± 2.3%, p < 0.044, at first visit; 8.1 ± 1.9% and 7.0 ± 1.6%,
p < 0.037, in the first trimester; fasting plasma glucose 194 ± 43 mg/dL vs. 137 ± 37 mg/dL
at the first visit, p < 0.05; 157 ± 38 mg/dL vs. 129 ± 39 mg/dL, p > 0.036, in the first
trimester) (Figure 1).

As for maternal outcomes, the miscarriage rate was higher, even if not significant, in
women with ODM with respect to women with T2DM, and gestational hypertension was
higher even if not significant in T2DM with respect to women with ODM (Table 1).

As for fetal outcomes, congenital malformations were more frequent, even if not
significant in women with ODM with respect to women with T2DM (11.1% vs. 7.7%;
p = 0.364), while the rate of the other fetal complications was higher in women with T2DM.
No significant differences were observed in LGA and SGA rates (Table 2). The types of
congenital malformations are reported in the Supplementary File.

At a follow-up visit 3 months after delivery, in all women with ODM, the diagnosis of
type 2 diabetes was confirmed.
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Figure 1. (A) HbA1c levels during pregnancy in patients with ODM (dark grey) and T2DM (light
grey). (B) Fasting plasma glucose levels during pregnancy in patients with ODM (dark grey) and
T2DM (light grey).

Table 1. Clinical and metabolic characteristics in pregnant women under study.

ODM (18) T2DM (68) p

Age (yrs) 34.2 ± 6.6 34.7 ± 5.3 0.722

Pre-pregnancy BMI (kg/m2) 30.9 ± 6.1 29.8 ± 4.4 0.433

HbA1c at first visit (%) 9.7 ± 3.1 7.3 ± 2.2 0.044

Immigrant [%(N)] 94.5(17) 58.5 (41) 0.143

Chronic hypertension [%(N)] 5.5 (1) 6.2 (4) 0.630

Nephropathy (ACR > 30mg/gCreat) [%(N)] 5.5 (1) 8.9 (6) 0.159

Retinopathy [%(N)] 0 (0) 7.2 (5) 0.002

Neuropathy [%(N)] 0 (0) 2.9 (2) 0.270

Planned pregnancy [%(N)] 0 (0) 26.3 (26) 0.05

Previous pregnancy [%(N)] 61.1 (11) 56.5 (38) 0.211

Previous GDM [%(N)] 77.8 (12) 36.7 (25) 0.077

Disease duration (months) n.a 60.7 ± 62.8 n.a

SBP 1st visit(mmhg) 118 ± 7.6 122.4 ± 14.3 0.504

DBP 1st visit (mmhg) 78.0 ± 8.4 77.7 ± 11.0 0.959

SBP 3rd trimester(mmhg) 116.7 ± 14.8 119.5 ± 14.9 0.570

DBP 3rd trimester (mmhg) 71.4 ± 11.9 75.2 ± 9.5 0.237
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Table 1. Cont.

ODM (18) T2DM (68) p

ACR 1st trimester (mg/g Creat) 9.33 ± 4.07 95.8 ± 440.1 0.370

ACR 2nd trimester (mg/g Creat) 9.7 ± 9.2 62.5 ± 315.5 0.292

ACR 3rd trimester (mg/g Creat) 12.1 ± 11.1 61.4 ± 233.9 0.236

Insulin daily dose (u/die)

1st trim 9.4 ± 13.5 17.7 ± 23.6 0.017

2nd trim 24.2 ± 20.8 32.9 ± 31.5 0.064

3rd trim 38.0 ± 22.9 47.3 ± 38.2 0.035
BMI = body mass index; SBP = systolic blood pressure; DBP = diastolic blood pressure; and ACR = albumin to
creatinine ratio. Continuous quantitative variables are expressed as means ± standard deviations, and they were
compared with Student’s t-test. Non parametric data are expressed as % and analyzed with X2 and Fisher’s tests.
A p-value of < 0.05 was considered statistically significant.

Table 2. Maternal and fetal outcomes in pregnant women under study.

ODM(18) T2DM (68) p

Gestational hypertension [%(N)] 5.5 (1) 10.8 (7) 0.819

Pre-eclampsia [%(N)] 0 (0) 5.9 (4) 0.637

Miscarriage [%(N)] 16.6 (3) 15.4 (10) 0.819

Caesarean section [%(N)] 22.2 (5) 40 (24) 0.265

Time of miscarriage (GW) 11 ± 2.6 9.2 ± 2.9 0.367

Time of delivery (GW) 38.3 ± 1.17 37.5 ± 2.5 0.203

Birth weight (G) 3220 ± 440 3164 ± 792 0.801

LGA (% (N)) 20.0 (3) 22.0 (13) 0.678

SGA (%(N)) 13.3 (2) 8.5 (5) 0.943

Neonatal mortality [%(N)] 0 (0) 4.6 (2) 0.927

Congenital anomalies [%(N)] 11.1 (2) 7.7 (5) 0.364

Respiratory distress [%(N)] 0 (0) 6.1 (3) 0.748

Jaundice [%(N)] 0 (0) 10.2 (5) 0.410

Hypoglycemia [%(N)] 0 (0) 1.7 (1) 0.408

Hypocalcemia [%(N)] 0 (0) 1.7 (1) 0.408
LGA = large for gestational age; SGA = small for gestational age; and GW = gestational week. Data are expressed
as % and analyzed with X2 and Fisher’s tests. A p-value of < 0.05 was considered statistically significant.

4. Discussion

Most studies are published in the literature in order to better define the physiopatho-
logical mean of overt diabetes compared to GDM pathology [11–14]. In a case–control
study, Agha-Jaffar et al. reported a higher frequency of hypertensive disorders and higher
frequencies with respect to insulin treatment in ODM compared to women with GDM,
and pointed out the fact that ODM is phenotypically a type 2 diabetes mellitus [22]. In
a multi-ethnic cohort in Spain, pregnant women with ODM exhibited worse obstetric
outcomes with respect to women with GDM, and this was present mainly in women from
ethnic minorities [23]. In a recent search of the literature, which has taken into consideration
articles up to 2022, worse maternal and fetal outcomes have been evidenced in ODM with
respect to women with GDM, even if different diagnostic criteria have been utilized to
diagnose ODM in the reported studies [10]. In our study, which has compared maternal
and fetal outcomes in pregnant women with overt diabetes to pregnant women with pre-
existing type 2 diabetes, the main finding is that ODM shows higher frequencies even if
not significant due to the low number of cases of congenital malformations with respect
to T2DM. This finding can be explained by the worse glycemic control observed in overt
pregnant women and by the fact that none of these women planned their pregnancy. In a
case–control study that has evaluated 414 women with T2DM and 204 women with ODM,
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no differences in maternal and fetal outcomes have been found when also considering
congenital malformations; this study underlines that the mean values of HbA1c at the
initial appointment were no different and no worse in the two groups (7.2 vs. 7.4%), and
70% of the women were white [17]. It was observed in this study that 52.5% of women
with ODM went to a specialized prenatal care center in the third trimester of pregnancy,
while those with T2DM went during the first trimester. Late arrival to the specialized
prenatal care center has also been reported in the study of Schiller et al. [18]. Similarly,
in a retrospective observational study from a tertiary care center in Pakistan, 55.3% cases
of overt diabetes were diagnosed and followed up late during pregnancy [13]. It was
observed that this is the only publication in which the frequency of overt diabetes has been
evaluated, accounting for 16.5% of 2462 pregnant women [13]. Poor glycemic control in the
preconception phase [24] and the frequent coexistence of obesity [15] are well-known risk
factors in determining a worse neonatal outcome in pregnant women with pre-existing type
2 diabetes. In our cohort, no differences in the frequency of obesity have been observed, but
as mentioned previously, the levels of HbA1c were higher in women with overt diabetes
relative to women with pre-existing type 2 diabetes. Furthermore, at follow-up visits, in all
patients with ODM, the diagnosis of type 2 diabetes was confirmed. Preconception care
is of key importance in order to reduce maternal and fetal complications in pregnancies
that are complicated by pregestational diabetes; thus, the fact that women with overt
diabetes do not plan their pregnancies can further explain the high frequency of congenital
malformations [25]. All pregnant women with overt diabetes in our cohort are not known
to have diabetes, and even if 77.8% of them have had gestational diabetes treated, none
of the women underwent a postpartum evaluation of glucose tolerance in 43% of cases
with insulin. The high frequency in our study of immigrant women explains the scarce
adherence to postpartum follow-up [26] and the poor attendance relative to antenatal
pregnancy care units [27]. These data emphasize the importance of a correct and early
diagnosis of overt diabetes, which can reduce the negative effects of a pregnancy-related
misdiagnosis and or a late diagnosis of this condition.

The strengths of the study are as follows: All patients with overt diabetes were
diagnosed early (8.5 g.w.), and this was followed up by the same multidisciplinary team;
patients received an individualized diet; and patients were educated in performing blood
glucose self-monitoring and basal bolus insulin therapy. The limitations of this study are its
retrospective nature and the low number of patients evaluated, which explains why some
differences do not achieve significance.

5. Conclusions

In conclusion, our data show for the first time that overt diabetes, even if characterized
by a short disease duration and a low frequency of chronic complications, could result in
negative pregnancy outcomes due to poor, metabolic control. Thus, it is essential to utilize
procedures for diabetes screening in women of childbearing age, and this should be carried
out not only at the beginning of pregnancy, but also during the preconception phase when
strong risk factors for overt diabetes are present, such as a high BMI, glycemic disorders,
and those who fall under high-risk ethnicity categories. Immigrants are a vulnerable group
with respect to diabetes-related pregnancy outcomes; thus, efforts must be carried out in
order to diagnose them before pregnancy occurs. Further studies in larger populations are
needed to better clarify the impact of ODM on maternal and fetal outcomes in order to
improve the management of these women.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/endocrines5020017/s1, Malformations found in pregnant women
with pre-existing type 2 diabetes (T2DM) and women with overt diabetes (ODM).

https://www.mdpi.com/article/10.3390/endocrines5020017/s1
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