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Abstract 

Background: Gestational diabetes mellitus (GDM) is a frequent pregnancy complication, affecting the maternal and 
neonatal health. The new diagnostic strategy for GDM, proposed by the International Association of Diabetes and 
Pregnancy Study Groups in 2010 and World Health Organization in 2013, raised hope to reduce perinatal complica‑
tions. The purpose of the study was to compare risk factors influencing maternal and foetal outcomes in a group of 
pregnant women diagnosed with GDM, and in a group of pregnant women without GDM, regardless of the adopted 
diagnostic criteria. Also, the aim of the study was to evaluate the impact of risk factors on perinatal results and the 
“cost” of reducing adverse pregnancy outcomes in patients with GDM.

Methods: It was a retrospective study based on the analysis of births given after 37 weeks of pregnancy at the 2nd 
Department of Obstetrics and Gynaecology, Warsaw Medical University during the years 2013 to 2015. All pregnant 
women had a 75 g OGTT between the 24th and 28th weeks of pregnancy. The study compared risk factors for peri‑
natal complications in 285 GDM patients and in 202 randomly selected women without GDM. The impact of selected 
risk factors on perinatal outcomes was analysed.

Results: Both the diagnosis of GDM and maternal BMI prior to pregnancy, significantly modified the risk of excessive 
and insufficient weight gain during pregnancy. The parameters significantly influencing the risk of the composite 
adverse maternal outcome were the maternal abdominal circumference [OR: 1.08 (1.04; 1.11)] and multiparity, which 
reduced the risk by almost half [OR: 0.47 (0.30; 0.75)]. The maternal abdominal circumference before the delivery was 
a strong factor correlating with the occurrence of perinatal complications in both the mother and the foetus in the 
entire cohort. A circumference over 100 cm increased the risk of at least one maternal complication (increased blood 
loss, soft tissue injury, pre‑eclampsia) by almost 40% (OR 1.38, p < 0.001).
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Background
Gestational diabetes mellitus (GDM) includes all types 
of impaired glucose tolerance that are first experienced 
or diagnosed during pregnancy. Maternal complica-
tions of GDM include pregnancy-induced hyperten-
sion, pre-eclampsia, the need to induce labour and the 
necessity to deliver the baby by caesarean section. It has 
been proven that in the future, these women are more 
likely to develop diabetes, cardiovascular diseases and 
metabolic syndrome [1, 2]. Foetuses of patients with 
gestational diabetes are more frequently diagnosed 
with large for gestational age (LGA), macrosomia and 
a higher percentage of perinatal injuries. New-borns of 
mothers with GDM are at risk of developing respiratory 
disorders, hypoglycaemia and hyperbilirubinemia. It 
is believed that in the future, these children will more 
often suffer from diabetes, obesity, hypertension and 
metabolic syndrome [3, 4].

For several years, a progressive increase in the percent-
age of diabetes cases diagnosed in the world, including 
in pregnant women, has been observed. The Interna-
tional Diabetes Federation (IDF) reported that 16,7% 
(21.1 million) of live births to women in 2021 had some 
form of hyperglycaemia in pregnancy. Of these, 80.3% 
were due to gestational diabetes mellitus [5]. According 
to the database of the National Health Fund, in Poland, 
the proportion of women with GDM amounted to 4.7% 
in 2010 and increased to 7.5% in 2012 [6]. Getahun et al. 
found that in a period of over 15 years (1989–2004), the 
number of patients with GDM in the American popula-
tion increased by 122% [7]. Despite the growing trend of 
diabetes in pregnancy, there is still no consensus among 
leading diabetes societies regarding screening for GDM. 
In 2010, International Association of Diabetes and Preg-
nancy Study Groups (IADPSG), and in 2013 the World 
Health Organization (WHO) proposed changing the 
existing criteria for the diagnosis of GDM [8, 9]. In the 
new diagnostic strategy for gestational diabetes, based 
on results of the Hyperglycaemia and Adverse Pregnancy 
Outcome (HAPO) Study from 2008, the diagnostic crite-
ria for this disease were associated with the risk of neo-
natal complications and not with the long-term risk of 
developing type 2 diabetes in the mother, as was the case 
so far [10]. In Poland, they came into force in 2014.

The new recommendations raised hope for a standardi-
zation of the system for diagnosing diabetes in pregnancy 
and thus a reduction in perinatal complications, the per-
centage of which is inconclusive [11–15].

The purpose of the study was to compare risk factors 
influencing maternal and foetal outcomes in a group 
of pregnant women diagnosed with gestational diabe-
tes mellitus, and in a group of pregnant women without 
GDM, regardless of the adopted diagnostic criteria. Also, 
the aim of the study was to evaluate the impact of risk 
factors on perinatal results and the “cost” of reducing 
adverse pregnancy outcomes in patients with GDM.

Methods
This was a retrospective study based on the analysis of 
births that occurred at the 2nd Department of Obstet-
rics and Gynaecology, Warsaw Medical University during 
the period 1st January 2013 – 31st December 2015. Dur-
ing this time there were 8991 deliveries, of which GDM 
patients accounted for 685. The analysis included patients 
who gave birth after 37 weeks of pregnancy. All pregnant 
women had an oral glucose tolerance test (OGTT) of 75 g 
between the 24th and 28th weeks of pregnancy. The fol-
lowing patients were excluded from the analysis: patients 
with multiple pregnancy, patients with pre-gestational 
diabetes, gestational diabetes diagnosed on the basis of 
abnormal fasting glucose results during early pregnancy, 
random glycaemia, or OGTT of 75 g performed before 
the 24th or after the 28th weeks of pregnancy, and those 
with incomplete results of the three-point OGTT. The 
group of 285 pregnant women with diagnosis of GDM 
and complete data entered the study. At the same time, 
202 pregnant women without GDM were randomly 
selected as controls. In total, 487 patients were included 
into the study. The size of the cohort was calculated to 
get at least 90% statistical power for the most commonly 
reported foetal and maternal complications in GDM: 
neonatal birth weight > 4000 g, LGA, and hyperbiliru-
binemia, preeclampsia, and postpartum haemorrhage. 
The study flow diagram is presented in Fig. 1.

The 2011 criteria for diagnosing GDM in Poland using a 
75-g OGTT required at least one of the following glucose 
values: fasting ≥100 mg/dL, 1 hr. ≥180 mg/dL, or 2 hrs 
≥140 mg/dL. Meanwhile, the diagnostic criteria adopted 

Conclusions: No differences were found in maternal and foetal outcomes in GDM and non‑GDM women except 
gestational weight gain below Institute of Medicine recommendations. The only “cost” of reducing adverse preg‑
nancy outcomes in GDM patients seems to be lowering gestational weight gain, the future impact of which on GDM 
pregnant population should be assessed. The maternal abdominal circumference measured before delivery not the 
severity of carbohydrate intolerance, remained the main predictor for significant perinatal complications.
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in 2014, according to IADPSG and WHO, required at 
least one of the following results of the 75-g OGTT: fast-
ing ≥92 mg/dL, 1 hr. ≥180 mg/dL, or 2 hrs ≥153 mg/dL. 
Due to the update of diagnostic criteria during the study 
period we decided to incorporate all patients who met 
any set of standards.

Data were retrieved from the database of the refer-
ral center. All diabetic women were advised to attend a 
medical consultation with an obstetrician. Diabetes-spe-
cific counseling included an explanation of possible risks 
to the mother and the fetus related to pregnancy and 
the methods to reduce possible complications, includ-
ing glycemic goals, lifestyle management, and medical 
nutrition therapy. Fasting and postprandial blood glucose 
self-monitoring was recommended in GDM patients to 
achieve metabolic control. Glucose targets recommended 
by the Polish Society of Gynecologists and Obstetricians 
(similar to the targets recommended by the Ameri-
can College of Obstetricians and Gynecologists and the 
American Diabetes Association) were as follows: fasting 
< 95 mg/dL (5.3 mmol/l), and either 1 hr. postprandial 
< 140 mg/dL (7.8 mmol/l) or 2 hrs postprandial < 120 mg/
dl (6,7 mmol/l). If glycaemic control was not satisfactory 
with nonpharmacological treatment, insulin therapy was 
introduced [16, 17].

The study compared patients with GDM to pregnant 
women without GDM. The risk factors for perinatal com-
plications were the following: maternal age, maternal 
height and body mass index (BMI) prior to pregnancy, 

multiparity (at least one child delivered), history of GDM, 
history of neonatal birth weight (BW) > 4000 g, birth 
weight of the largest child from previous pregnancy/
pregnancies, gestational age at GDM diagnosis/at test-
ing, fasting blood glucose level, 1 hr. and 2 hrs blood glu-
cose level of the 75-g OGTT, diagnosis of diabetes during 
the current pregnancy, gestational weight gain (GWG), 
the maternal abdominal circumference measured before 
delivery at the level of the navel, the need to implement 
insulin therapy to maintain normoglycaemia and female 
sex of the new-born (Table 1).

The impact of the aforementioned factors on perinatal 
outcomes was analysed. The maternal outcomes included 
in the analysis were as follows: gestational weight gain 
(GWG) with respect to Institute of Medicine (IOM) rec-
ommendations, incidence of pregnancy-induced hyper-
tension or pre-eclampsia, mode of delivery (caesarean 
section/forceps or vacuum/ spontaneous), the necessity 
to perform a caesarean section due to foetal indications, 
incidence of intrapartum maternal injury, intrapartum 
haemorrhage (blood loss more than 500 mL), and com-
posite adverse maternal outcome (including intrapar-
tum maternal injury or haemorrhage). The following 
neonatal outcomes were analysed: the new-born birth 
weight, including the percentage of children with mac-
rosomia (birth weight > 4000 g), the new-born ponderal 
index, the incidence of hypoglycaemia or hyperbiliru-
binemia (treated with phototherapy during the first 3 
days of the new-borns’ life), the percentage of children 

Fig. 1 Flow diagram of the study
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with congenital anomalies, intrapartum neonatal injury 
(including clavicle fracture, brachial palsy, intraventricu-
lar haemorrhage) and rare neonatal complications with 
the occurrence below 5% (including intrapartum neona-
tal injury or hypoglycaemia) (Table 2).

We used SPSS 14.0 for Windows (SPSS Inc. Chicago, 
USA) and MedCalc 19.0 (MedCalc Software, Mariakerke, 
Belgium) to perform statistical analysis.

Descriptive results are expressed as the mean ± stand-
ard deviation or median and interquartile range. Cat-
egorical variables are expressed as percentages.

Multivariate logistic regression model was used to iden-
tify predictors for dichotomous adverse maternal and 
foetal outcomes in the pooled analysis of the entire group 
(patients with GDM and normoglycemic controls). Varia-
bles that correlated with the outcomes with a p < 0.1 in the 
bivariate analysis were included in the models. The results 
are presented as adjusted odds ratios (aORs) and standard-
ized coefficients with 95% confidence intervals (95% CIs) 
(Table 3). Predictors for continuous variables were identi-
fied using multiple linear regression models, with gesta-
tional weight gain or birth weight as dependent variables. 
All variables that showed a bivariate correlation with a 
p < 0.1 with these outcomes were entered in the models as 
independent variables. A p < 0.05 was considered statisti-
cally significant in the multiple regression analysis. The 
results are presented as unstandardized and standardized 
coefficients with 95% confidence intervals (Table 4).

A ROC analysis was used to calculate the diagnostic 
power of maternal abdominal circumference measured 
before delivery as a predictor of adverse perinatal out-
comes in the entire cohort (GDM patients and the con-
trol group) (Table 5).

Two-sided p < 0.05 was considered statistically significant.
Ethics approval for this study was obtained from the 

Warsaw Medical University institutional review board 
(AKBE13/15).

Results
GDM was diagnosed on average during 25,3 
+/− 1,5 weeks of pregnancy (between 24 and 28 weeks). 
The average time of diabetes-specific counseling was 
at 28,5 +/− 2,6 weeks and the mean time from diag-
nosis to treatment was 3,1 +/− 2,3 weeks (between 0 
and 13 weeks). Average time of the delivery in GDM 
cohort was 38,8 weeks (between 37 and 42 weeks) and 
mean time from GDM recognition to delivery was 13,5 
+/− 1,8 weeks (between 9 and 18 weeks).

Women with GDM compared to women without 
GDM had significantly older mean age (32.4 ± 4.7 
vs 31.1 ± 4.1, p < 0.001) with significantly higher 
mean BMI before pregnancy (24.6 ± 4.6 vs 22.7 ± 3.6, 
p < 0.001), more frequently were obese (13.5% vs 3%, 
p < 0.001), were less likely to give birth for the first 
time (61,8% vs 49,5%, p < 0.024), and had a history of 

Table 1 Potential risk factors for maternal and foetal outcomes in the study group

GDM Gestational Diabetes Mellitus, BMI Body Mass index, BW Birth Weight, OGTT  Oral Glucose Tolerance Test

Women with GDM 
N = 285 (58.5%)

Women without GDM
N = 202 (41.5%)

P

Age [years] 32.4 ± 4.7 31.1 ± 4.1 < 0.001

Maternal height [cm] 164.29 ± 5.7 167.96 ± 5.5 0.59

Pre‑pregnancy BMI [kg/m2] 24.6 ± 4.6 22.7 ± 3.6 < 0.001

Pre‑pregnancy BMI ≥ 25.0 kg/m2 [%] 37.7% 25.7% 0.006

Pre‑pregnancy BMI ≥ 30.0 kg/m2 [%] 13.5% 3.0% < 0.001

Multiparity [%] 61.8% 49.5% 0.024

History of GDM [% of these with the history of at least one delivery] 18.8% 0.0% < 0.001

History of BW > 4000 g [% of these with the history of at least one delivery] 16.3% 10.6% 0.249

BW of the largest child from previous pregnancy/pregnancies [g] 3436 ± 629.53 3321.8 ± 617.9 0.86

Gestational age at diagnosis/at testing [weeks] 25.4 ± 1.5 25.2 ± 1.5 0.055

75 g OGTT fasting [mg/dL] 87.1 ± 11.7 77.5 ± 6.5 < 0.001

75 g OGTT 1 hr. [mg/dL] 166.5 ± 28.2 117.3 ± 25.5 < 0.001

75 g OGTT 2 hrs [mg/dL] 144.2 ± 23.3 100.0 ± 19.1 < 0.001

GDM according to 2011 or 2014 criteria [%] 61.6% –

Gestational weight gain [kg] 10.7 ± 5.8 14.5 ± 5.1 < 0.001

Maternal abdominal circumference [cm] 103.3 ± 8.7 103.0 ± 6.9 0.969

Insulin therapy necessity [%] 15.4% –

Female foetus [%] 48.4% 54.0% 0.223
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GDM-complicated pregnancy (18.8% vs 0%, p < 0.001). 
The results are shown in Table 1.

Pregnant women diagnosed with GDM gained sig-
nificantly less weight during pregnancy (10.7 kg ± 5.8 vs 
14.5 kg ± 5.1, p < 0.001) [Table  1], and had less frequent 
excess weight gain according to IOM criteria (24.2% vs 
47.5%); instead, weight gain below the recommended 
IOM guidelines was more frequently observed in this 
group (Table 2).

No statistically significant differences were observed 
between the groups of patients with GDM and without 
GDM with respect to the incidence of maternal compli-
cations (including pregnancy induced hypertension or 
preeclampsia, mode of the delivery, intrapartum injury 
or haemorrhage), the condition of new-borns or the inci-
dence of neonatal complications (birth weight > 4000 g, 
neonatal hypoglycaemia or hyperbilirubinemia, con-
genital malformation or other rare composite adverse 
outcome).

There was only a trend for borderline statistical signifi-
cance of more frequent urgent caesarean sections due to 
foetal indications in the group with gestational diabe-
tes (26.4% vs 16.2%, p = 0.06). The results are shown in 
Table 2.

Tables  3 and 4 show the predictive factors for indi-
vidual perinatal complications in the entire study group. 
The results indicate that both the diagnosis of GDM, as 
well as maternal BMI prior to pregnancy, significantly 
modified the risk of excessive and insufficient weight 

gain during pregnancy. The importance of the female 
sex of the foetus as a factor significantly increasing the 
probability of insufficient weight gain during pregnancy 
requires underlying [OR: 1.65 (1.10; 2.47)].

On the other hand, the only parameters significantly 
influencing the risk of composite adverse maternal out-
come were the maternal abdominal circumference [OR: 
1.08 (1.04; 1.11)] and multiparity, which reduced the 
risk by almost half [OR: 0.47 (0.30; 0.75). The analysis of 
predictors of neonatal complications indicated that the 
abdominal circumference of the pregnant woman signifi-
cantly increased the risk of all examined endpoints.

Analysis of the standardized coefficients summarised 
in Tables 3 and 4 indicates that maternal characteristics 
easily available from maternal history, like multiparity, 
maximum birth weight of a previous child (for women 
who delivered at least once), have a substantial impact 
on several outcomes. A GDM status is an important pre-
dictor for maternal outcomes related to the gestational 
weight gain. While maternal BMI prior to pregnancy 
was a statistically significant predictor for several foetal 
and maternal complications, standardized coefficients 
indicate a very small impact on these outcomes. This 
observation applies also for the maternal abdominal cir-
cumference measured prior to the delivery. Except from 
insulin therapy status which emerged both as a signifi-
cant predictor and important contributing factor for 
a phototherapy in the GDM arm of the study, markers 
of maternal glycaemic status measured during the 75 g 

Table 2 Maternal and foetal outcomes in the study group

GDM Gestational Diabetes Mellitus, GWG  Gestational Weight Gain, IOM The Institute of Medicine, CS Caesarean section, VE Vacuum Extraction, BW:Birth Weight
a percentage of cases out of all caesarean sections

Women with GDM
N = 285 (58.5%)

Women without GDM
N = 202 (41.5%)

P

Gestational weight gain [kg] 10.7 ± 5.8 14.5 ± 5.1 < 0,001

GWG above IOM recommendations [%] 24.2% 47.5% < 0.001

GWG below IOM recommendations [%] 45.6% 20.3% < 0.001

Pregnancy induced hypertension/ preeclampsia [%] 6.0% 4.5% 0.543

Mode of the delivery: CS/Forceps or VE/ Spontaneous 31.9%/3.5%/64.6% 33.7%/5.0%/60.4% 0.599

Emergency CS due to foetal  conditionsa 26.4% 16.2% 0.06

Intrapartum maternal injury 6.1% 8.0% 0.468

Intrapartum haemorrhage 32.0% 27.2% 0.271

Composite adverse maternal outcome 37.9% 35.1% 0.568

BW [g] 3412 ± 438 3420 ± 428 0.677

BW > 4000 g 9.1 8.9 1.00

Ponderal index [g/cm3] 2.20 ± 0.26 2.18 ± 0.24 0.18

Neonatal hypoglycaemia 4.9% – –

Neonatal hyperbilirubinemia 21.1% 17.3% 0.413

Foetal congenital malformation 7.7% 5.9% 0.477

Intrapartum neonatal injury 3.2% 5.4% 0.250

Rare adverse neonatal outcome 8.1% 5.4% 0.285
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OGTT did not have a measurable impact on the out-
comes, for which they were found to be statistically sig-
nificant predictors.

The size of the maternal abdominal circumference before 
delivery was a strong factor correlating with the occurrence 
of perinatal complications in both the mother and the foetus 
in the entire cohort (Table 5). A circumference over 100 cm 
increased the risk of composite adverse maternal outcome 
by almost 40% (OR 1.38, p < 0.001). A circumference over 
98 cm increased the risk of foetal macrosomia by 20% (OR 
1.24, p < 0.005), and a circumference over 103 cm increased 
the risk of any neonatal complications by 50% (OR 1.54, 
p < 0.005). Furthermore, in the group with GDM, a circum-
ference over 103 cm doubled the risk of neonatal hypogly-
caemia during the first days of life (OR 2.01, p < 0.0001).

Discussion
The number of patients with gestational diabetes in the 
world is continuously increasing. According to vari-
ous estimates, over the last 20 years, the percentage of 
women with GDM has increased by 10–100%, especially 
in highly developed countries, and in 2019, hyperglycae-
mia was diagnosed in approximately 16% of pregnancies 
worldwide, of which GDM accounted for 84% of all cases 
[3, 18–22]. This fact allows us to predict a significant 
increase in the number of perinatal complications and 
forces researchers to identify factors that may affect their 
development and patients’ costs to eliminate them.

In our study, we demonstrated that the diagnosis 
of diabetes in pregnancy increases the risk of having a 
child with macrosomia by 10-fold (OR 10.4, p < 0.005) 

Table 3 Predictors of maternal and foetal outcomes in the study group – analysis of multivariate logistic regression models

CI Confidence interval, OGTT  Oral Glucose Tolerance Test, BMI Body Mass Index, GWG  Gestational Weight Gain, BW Birth Weight, GDM Gestational Diabetes Mellitus, CS 
Caesarean Section

The outcome Variables in the model exp(B) (95%CI)* Standardized coefficients 
(95% CI)

P R2 for the model

GWG above recommendations 75 g OGTT fasting [mg/dL] 1.03 (1.00; 1.05) 0.000 (0,000; 0,001) 0.023 0.190

75 g OGTT 2 hrs [mg/dL] 0.99 (0.98; 0.99) 0.000 (0.000; 0.000) 0.022

Pre‑pregnancy BMI [kg/m2] 1.12 (1.06; 1.18) 0.003 (0.002; 0.004) < 0.001

GDM yes/no 0.31 (0.16; 0.57) −0.374 (− 0.571; − 0,178) < 0.001

Female neonate yes/ no 0.56 (0.37; 0.85) −0.121 (− 0.207; − 0.034) 0.006

GWG below recommendations Pre‑pregnancy BMI [kg/m2] 0.90 (0.85; 0.95) −0.003 (− 0.004; − 0.001) < 0.001 0.162

GDM yes/no 4.44 (2.85; 6.92) 0.337 (0.237; 0,437) < 0.001

Female neonate yes/no 1.65 (1.10; 2.47) 0,103 (0.020; 0.185) 0.015

Preeclampsia and/or gestational 
hypertension

Pre‑pregnancy BMI [kg/m2] 1.15 (1.06; 1.3) 0.006 (0.002; 0.10) 0.001 0.123

Multiparity yes/no 0.24 (0.08; 0.73) −0.82 (−1.47; − 0.18) 0.012

Composite adverse maternal 
outcome

Maternal abdominal circumfer‑
ence [cm]

1.08 (1.04; 1.11) 0.001 (0.001; 0.002) < 0.001 0.123

Multiparity yes/no 0.47 (0.30; 0.75) −0.176 (− 0.284; − 0.067) 0.001

Emergency CS due to foetal 
conditions

Multiparity yes/no 0.30 (0.13; 0.70) −0.510 (− 0.877; − 0.152) 0.005 0.133

Maternal height [cm] 0.91 (0.85; 0.98) −0.030 (− 0.005; − 0.001) 0.007

Maternal abdominal circumfer‑
ence [cm]

1.08 (1.03; 1.12) 0,002 (0.001; 0.002) < 0.001

BW > 4000 g Maternal abdominal circumfer‑
ence [cm]

1.07 (1.03; 1.11) 0.001 (0.001; 0.002) 0.001 0.183

Maternal height [cm] 1.07 (1.00; 1.14) 0.002 (0.00; 0.004) 0.036

Multiparity yes/no 2.20 (1.03; 4.70) 0.305 (0.012; 0.599) 0.042

Female neonate yes/no 0.21 (0.09; 0.53) −0.705 (−1.118; −0.293) 0.001

Neonatal hypoglycaemia – data 
available only for women with 
GDM

Maternal abdominal circumfer‑
ence [cm]

1.12 (1.06; 1.19) 0.004 (0.002; 0.006) < 0.001 0.193

Neonatal hyperbilirubinemia / 
phototherapy

Insulin therapy yes/no 2.84 (1.27; 6.35) 0.337 (0.063; 0.611) 0.011 0.128

Pre‑pregnancy BMI [kg/m2] 1.07 (1.02; 1.1) 0.002 (0.000; 0.004) 0.002

Rare adverse neonatal outcome Maternal age [years] 0.89 (0.82; 0.98) −0.005 (−0.009; −0.001) 0.013 0.124

Maternal abdominal circumfer‑
ence [cm]

1.08 (1.03; 1.13) 0.002 (0.001; 0.003) < 0.001

Maternal height [cm] 0.90 (0.84; 0.97) −0.004 (−0.006; − 0.001) 0.004
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and 13-fold in multiparous women (OR 13.9, p < 0.005). 
These results are identical to other available publica-
tions [23–26]. To date, the individual influence of blood 
glucose values at individual measurement points in 
the 75-g OGTT on obstetric complications is not fully 
understood. The HAPO study, which was the basis for 
changing the existing criteria for the diagnosis of GDM, 
demonstrated a linear relationship between maternal 
glucose levels and the child’s birth weight [10]. Zhu et al. 
and Zawiejska et  al. found that macrosomia was diag-
nosed significantly more often in children of patients 
with fasting hyperglycaemia [20, 27]. On the other hand, 
Kerenyi et  al. [26] found that the curve illustrating the 
relationship between fasting glucose measured during 

the 75 g OGTT and the neonatal birth weight and the 
risk of LGA was U-shaped (p = 0.004), indicating that 
both in patients with low and high fasting blood glucose 
levels, the risk of foetal hypertrophy was increased. In a 
publication by Black et al. [28], attention was also drawn 
to the significant influence of hyperglycaemia at 2 hrs 
75 g OGTT on the increased risk of pregnancy induced 
hypertension (PIH), preterm labour and hyperbiliru-
binemia in new-borns. Despite these findings, our study 
did not identify any correlation between the glycaemic 
status of patients from particular groups and the per-
centage of maternal (here: pre-eclampsia) or foetal com-
plications (Table  2). We therefore feel this issue leaves 
area for further research.

Table 4 Predictors of maternal and foetal outcomes in the study group – analysis of multiple linear regression models

CI Confidence interval, OGTT  Oral Glucose Tolerance Test, BMI Body Mass Index, GDM Gestational Diabetes Mellitus

The outcome Variables in the model Unstandardized 
coefficients B (95%CI)

Standardized 
coefficients (95%CI)

P R2 for the model

Gestational weight gain [kg] 75 g OGTT 2 hrs [mg/dL] −0.04 (− 0.060; − 0.016) −0.20 (− 0.3; − 0.08) 0.001 0.183

Pre‑pregnancy BMI [kg/m2] −0.23 (− 0.35; − 0.12) −0.17 (− 0.26; − 0.09) < 0.001

GDM yes/no −2.43 (−3.88; − 0.98) −0.21 (− 0.34; − 0.08) 0.001

Female neonate yes/no −1.23 (−2.18; − 0.28) −0.10 (− 0.18; − 0.02) 0.011

75 g OGTT fasting [mg/dL] 0.07 (0.02; 0.12) 0.14 (0.04; 0.24) 0.005

Multiparity yes/no −1.15 (−2.11; −0.19) −0.1 (− 0.18; − 0.02) 0.015

Birth weight – for the whole cohort Maternal abdominal circumference 
[cm]

12.1 (6.9; 17.3) 0.22 (0.13; 0.35) < 0.001 0.217

Maternal height [cm] 17.4 (10.6; 24.1) 0.23 (0.14; 0.32) < 0.001

Female neonate yes/no − 137.8 (− 215.1; −60.5) −0.6 (−0.94; − 0.26) 0.001

Gestational weight gain [kg] 10.4 (3.4; 17.4) 0.136 (0.04; 0.23) 0.004

75 g OGTT fasting [mg/dL] 4.8 (1.1; 8.6) 0.12 (0.63; 4.9) 0.011

Birth weight – for a subgroup with 
a history of at least one delivery

Birth weight of the largest child from 
previous pregnancy/ pregnancies [g]

0.26 (0.17; 0.35) 0.35 (0.23; 0.47) < 0.001 0.358

Gestational weight gain [kg] 13.9 (3.9; 24.0) 0.17 (0.05; 0.32) 0.007

Female neonate yes/no −202.9 (− 318.0; −87.8) −0.21 (−0.33; −0.09) 0.001

Maternal abdominal circumference 
[kg]

11.6 (4.0; 19.2) 0.198 (0.07; 0.33) 0.003

Maternal height [cm] 10.4 (0.4; 20.4) 0.128 (0.05; 0.25) 0.041

Ponderal Index [g/cm3] Birth weight [g] 0.001 (0.001; 0.002) 0.20 (0.20; 0.40) < 0.001 0.039

Table 5 ROC curve analysis for maternal abdominal circumference measured prior the delivery as a predictor of selected maternal 
and foetal outcomes in the study group

ROC Receiver Operating Characteristic, AUC  Area Under the Curve, CI Confidence Interval, OR Odds Risk

The outcome AUC (95% CI) P Cut-off value Sensitivity Specificity OR (95% CI) for the 
outcome at the 
cut-off

Composite adverse maternal outcome 0.65 (0.61; 0.70) < 0.001 100 cm 74.4% 49.6% 1.38 (1.22; 1.57)

Macrosomia 0.63 (0.58; 0.68) 0.0041 98 cm 91.4% 32.4% 1.24 (1.12; 1.37)

Neonatal hyperbilirubinemia 0.58 (0.53; 0.63) 0.033 108 cm 35.5% 79.0% 1.46 (1.02; 2.09)

Neonatal hypoglycaemia in the group with GDM 0.80 (0.74; 0.85) < 0.0001 103 cm 88.9% 60.3% 2.01 (1.52; 2.64)

Rare adverse neonatal outcome 0.64 0.004 104 cm 60.0% 63.5% 1.53 (1.14; 2.06)
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On the other hand, we found significant predictors 
of perinatal complications, independent of the sever-
ity of hyperglycaemia at the time of GDM diagnosis, 
included patients’ anthropometric markers related to 
the amount of adipose tissue, i.e., BMI before pregnancy 
and abdominal circumference measured before delivery. 
Many studies have confirmed that overweight and obe-
sity before pregnancy are independent risk factors for 
the development of perinatal complications [29–35]. In 
the multicentre LifeCycle Project-Maternal Obesity and 
Childhood Outcomes Study group, maternal and foetal 
complications were observed in as many as 61% of preg-
nancies in women with a BMI ≥40 kg/m2 [35]. Ouzou-
nian et  al. determined that the risk of macrosomia was 
doubled in patients with BMI ≥30 kg/m2 compared to 
pregnant women with normal BMI before pregnancy 
and was threefold higher in patients with excessive vs 
normal weight gain in pregnancy according to the IOM 
2009 recommendations [29]. Similar relationships were 
demonstrated in the work of Bodnar et  al. [36]. In our 
study, we found that higher pre-pregnancy BMI values 
correlated with a higher risk of pre-eclampsia during 
pregnancy (OR 1.15, p < 0.001). On the other hand, the 
increased abdominal circumference measured in patients 
before delivery had a significant impact on increasing risk 
of perinatal complications in women (increased blood 
loss, injury of soft tissues of the birth canal) (OR 1.08, 
p < 001), emergency caesarean section due to foetal risk 
(8% increase) and high birth weight of new-borns (12-
fold increase in the risk; OR 12.1, p < 0.001). Moreover, 
among other complications during the early neonatal 
period, we observed influence of high maternal abdomi-
nal circumference on increasing risk of hypoglycaemia in 
the first days of life (by 12%; OR 1.12, p < 0.001), the need 
for phototherapy due to hyperbilirubinemia (increase 
by 7%) and the risk of at least one complication during 
the neonatal period, i.e., hyperbilirubinemia, hypogly-
caemia or rare complications (by 8%; OR 1.08, p < 0.001). 
Interestingly, we noticed that there was no difference in 
maternal abdominal circumference between women with 
GDM and their normoglycemic counterparts. However, 
when we looked for predictors for perinatal complica-
tions in the whole cohort we thought out that maternal 
abdominal circumference is a significant predictor for 
these complications. It means that there was no differ-
ence in maternal abdominal circumference regarding the 
exposure but this parameter was a significant predictor 
for the outcome. These results are consistent with other 
available publication [37].

It is also worth emphasizing that in the population of 
non-pregnant women, waist circumference is consid-
ered an indicator of insulin resistance, and its increased 
value has been included in the criteria for diagnosing 

metabolic syndrome [38–42]. Some sources report waist-
to-hip ratio (WHR) to be superior to BMI for predict-
ing the risk of developing type 2 diabetes, hypertension 
and cardiovascular disease in adults [43–47]. Obviously, 
the measurement of abdominal circumference in preg-
nancy is a specific measurement that is technically dif-
ficult and related to a non-standard population, but the 
relationships observed in our study between neonatal 
complications and increased abdominal circumference in 
term pregnancy confirm that this parameter also informs 
about the “metabolic condition” of the mother and 
should be taken into account in the context of expected 
perinatal complications. Our observation of the influ-
ence of maternal parameters related to insulin resist-
ance on the risk of obstetric complications may also 
explain the persistence of a high percentage of perina-
tal complications in the population of pregnant women 
with hyperglycaemia in pregnancy, despite optimization 
of metabolic control. This was also confirmed by data 
from our multivariate regression models, which indicate 
that weight gain during pregnancy and the circumfer-
ence of the pregnant woman’s abdomen measured before 
delivery, and not the severity of carbohydrate tolerance 
disorders, remain risk factors for significant obstetric 
complications. This means that the parameters describ-
ing the “maternal metabolic status” remain a significant 
risk factor for adverse maternal-foetal outcomes when 
effective treatment eliminates the risk associated with 
hyperglycaemia in pregnancy. Therefore, we suggest that 
both traditional risk factors and new biomarkers should 
be taken into account when prognosing adverse perinatal 
outcomes.

Aforementioned risk factor for perinatal complications 
includes excessive weight gain during pregnancy [29–
31, 48]. GWG consistent with the Institute of Medicine 
guidelines is associated with better maternal and neona-
tal outcomes. However, while appropriate gain is highly 
desirable, it is achieved in only a minority of pregnancies. 
Kominiarek et  al. found that GWG above that recom-
mended ranges was associated with an increased risk of 
shoulder dystocia (OR 1.74, 95% CI 1.41–2.14), macroso-
mia (OR 2.66, 95% CI 2.03–3.48) and neonatal hypogly-
caemia (OR 1.60, 95% CI 1.16–2.22) [49]. In a systematic 
review and meta-analysis by Goldstein et  al., excessive 
weight gain during pregnancy correlated with a signifi-
cantly higher rate of caesarean sections (OR 1.30, 95% 
CI 1.25–1.35), macrosomia (OR 1.95, 95% CI 1.79–2.11) 
and LGA (OR 1.85, 95% CI 1.76–1.95). Interestingly, in 
the same study, it was noted that if the weight gain during 
pregnancy was too low, it significantly increased the risk 
of small for gestational age (SGA) baby (OR 1.53, 95% CI 
1.44–1.64) and preterm labour (OR 1.70, 95% CI 1.32–
2.20) and decreased the risk of LGA and macrosomia 
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[50]. Similar results were found in the work of Papazian 
et al. [51]. In our study, we did not identify any significant 
relationships between weight gain in pregnant women 
and the risk of perinatal complications what refers to the 
IOM report noted there was a lack of evidence regarding 
the role of GWG in relation to GDM [52]. On the other 
hand, LifeCycle Project-Maternal Obesity and Childhood 
Outcomes Study group findings suggest that pre-preg-
nancy weight might be a more important target for inter-
ventions than gestational weight gain [35]. This suggests 
that the use of IOM guidelines may need to be reconsid-
ered for individual prediction of the risk for adverse preg-
nancy outcomes.

We did notice that patients with GDM, compared to 
healthy pregnant women, had a significantly higher pre-
pregnancy BMI (24.6 ± 4.6 vs 22.7 ± 3.6, p < 0.01) and 
were more frequently obese (13.5% vs 3%, p < 0.001). The 
diagnosis of diabetes in pregnancy was associated with 
a twice lower risk of excessive weight gain during preg-
nancy (OR 2.43, p = 0.001), although the increased risk of 
excessive weight gain was significantly associated with a 
higher BMI before pregnancy (OR 1.12, p < 0.001), higher 
fasting glucose (1.03, p < 0.05) and lower 2 hrs glucose 
during 75 g OGTT (OR 0.99, p < 0.05). Fasting hypergly-
caemia is a marker of hepatic insulin resistance and one 
of the components of metabolic syndrome [53]. There-
fore, in the context of our research, the positive relation-
ship between excessive weight gain during pregnancy and 
fasting hyperglycaemia should be interpreted as a clini-
cal manifestation of the relationship between pregnancy 
weight gain and insulin resistance.

As we calculated, the diagnosis of diabetes during preg-
nancy reduced the risk of excessive weight gain in preg-
nancy by 30% (OR 0.31, p < 0.001) and increased the risk 
of weight gain under 12 kg (OR 4.44, p < 0.01) by four-
fold. These results also suggest that treatment of hyper-
glycaemia with well-controlled diabetes in pregnancies 
that still experience complications result from non-gly-
caemic risk factors, including components of metabolic 
syndrome. One of the effects of multidisciplinary care 
for pregnant women with GDM and at the same time 
the only cost of reducing adverse outcomes found in 
our research may be lowering weight gain during preg-
nancy, which is difficult to interpret unequivocally due 
to the lack of guidelines for the group of patients with 
GDM. For others, it is possible to slow down intrauterine 
growth, which protects against macrosomia and intrau-
terine death of the foetus. In the light of the data avail-
able to us, it seems that the price of these benefits may 
be an increased risk of accelerated weight gain in infants 
and obesity in early school age children [54, 55]. How-
ever, one should also take into account the latest data 
presented by the LifeCycle Project consortium, which 

showed, in a population of approximately 200,000 preg-
nant women, that in women with a BMI > 30, the opti-
mal weight gain for reducing obstetric complications is 
lower (0–6 kg) than that recommended by the IOM for 
pregnant women with a similar BMI (5–9 kg) [35]. Addi-
tionally, authors of a retrospective observational study of 
2842 women with GDM published in 2020 confirmed the 
dominant pattern of gestational weight gain below the 
level recommended by IOM in this population (50.3% 
of the examined patients) [52]. Future research should 
assess whether optimal GWG ranges proposed by IOM 
in combination with other maternal and foetal pregnancy 
characteristics are useful for prediction of adverse preg-
nancy outcomes.

The results of our study indicate that the glycaemic 
status of patients may be a predictor of certain mater-
nal complications, including abnormal weight gain dur-
ing pregnancy, but neither gestational diabetes nor blood 
glucose levels at individual 75 g OGTT measurement 
points were predictors of neonatal complications in the 
study cohort. On the other hand, it is noteworthy that the 
anthropometric conditions of pregnant women and ges-
tational weight gain, which are indicators of the “meta-
bolic status” of women, may significantly correlate with 
the occurrence of obstetric complications.

At this point we must acknowledge some limitations of 
our study. First, it was a single centre and examined only 
short-term outcomes. Probably long-term multicentre 
study may show more benefit. Second, main finding of 
lower gestational weight gain in women with GDM was 
based on a self-reported maternal pre-pregnancy weight 
and only the last noted value was measured. This may 
have led to misclassification of GWG. In the future we 
plan to include to the assessment of women’s ‘metabolic 
status’ other measurements like percentage of adipose 
tissue.

Strengths of our study include the robustness of the 
results after several statistical analyses. What is more, to 
assess adverse pregnancy outcomes in the entire cohort 
we compared patients with GDM and non-GDM who 
would have been diagnosed regardless of the adopted cri-
teria for the diagnosis of diabetes (either according to the 
2011 or 2014 criteria), what seems to be an appropriate 
denominator for the results. We also proved that treat-
ment of mild hyperglycaemia in pregnancy results in a 
normalization of getting perinatal outcomes similar with 
those from normoglycemic population. However, then 
we have seen that the risk factor which remains is related 
to maternal hyperinsulinemia which is more complex 
than hyperglycaemia alone and may be a source of com-
plications in a population of normoglycemic one. This 
observation may be very important considering that the 
hyperglycaemia is a continued risk factor for maternal 
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complications and all thresholds set up for hyperglycae-
mia are arbitrary. Therefore, in our study, we have pro-
vided the evidence for another targets for therapy which 
should be addressed to women planning a pregnancy. We 
also indicated that measurement of this parameter is use-
ful if we achieve normoglycaemia in women treated for 
GDM. Our study also provided explanation why despite 
of the success of hyperglycaemia treatment maternal 
diabesity is still related to perinatal complications.

Conclusions
No differences were found in maternal and foetal out-
comes in GDM and non-GDM women except gestational 
weight gain below Institute of Medicine recommenda-
tions. The only “cost” of reducing adverse pregnancy 
outcomes in GDM patients seems to be lowering gesta-
tional weight gain, the future impact of which on GDM 
pregnant population should be assessed. The maternal 
abdominal circumference measured before delivery not 
the severity of carbohydrate intolerance, remained the 
main predictor for significant perinatal complications.
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