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Introduction
Gestational diabetes mellitus (GDM) is one of the most 
common medical disorders in pregnancy  (Khorasani 
et  al., 2018). Nearly 7% of all pregnancies are 
complicated by GDM; the incidence ranges from 1 
to 14% of all pregnancies, depending on the studied 
population (American Diabetes Association, 2004).

There is a marked reduction in insulin sensitivity late in 
pregnancy comparable to that found in type 2 diabetes 
and obesity  (Tarasenko et al., 2018). The postreceptor 
mechanisms contributing to the insulin resistance 
in normal pregnancy appear to be multifactorial 
(Metzger et  al., 2007). Gestational diabetes was 
diagnosed in women with a preexisting glucose 
intolerance revealed by routine glucose tolerance 
screening during pregnancy (Robitaille and Grant, 
2008). The strong family link of GDM with type  2 
diabetes and polymorphisms reflects an inherent 
malfunction of the β‑cell exposed by the insulin 
resistance that occurs during pregnancy (Lindsay, 2009).

Maternal complications related to GDM comprise 
increased risk of cesarean section, hypertensive 
disorders of pregnancy, and preeclampsia  (PE) 
(Schmidt et  al., 2001). PE is a hypertensive disorder 

of pregnancy that considerably contributes to maternal 
and fetal/neonatal morbidity and mortality (American 
College of Obstetricians and Gynecologists Committee 
on Obstetric Practice, ACOG Practice Bulletin, 2002). 
Although PE complicates 6–10% of pregnancies 
in the United States, the incidence is higher in 
developing countries (Sibai, 2003). PE occurs in 12% 
of diabetic women compared with 8% of nondiabetics 
(Duley, 2009). Moreover, the risk of PE is related to 
maternal age and the duration of preexisting diabetes. 
The rate of PE is associated with the level of glycemic 
control (Banerjee et al., 2004). PE comprises excessive 
inflammatory response and increased secretion of 
inflammatory cytokines. The pro‑inflammatory and 
anti‑inflammatory cytokines appear to be part of 
the maternal inflammatory response  (Duley, 2009). 
Increased serum levels of cytokines such as tumor 
necrosis factor alpha (TNF‑α) and interleukin‑6 (IL‑6) 
in women with PE have been postulated to be involved 
in the pathogenesis and maternal vascular dysfunction 
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in PE. These consequently could have serious effect on 
the developing embryo.

Patients and methods
A total of 60 pregnant women enrolled from the 
Prenatal Diagnosis Clinic in the National Research 
Center were included according to the family history of 
diabetes. Gestational age was based on the date of the 
last menstrual period or by ultrasound examination if the 
last menstrual period date was unknown or ultrasound 
demonstrated an incongruity of more than 10  days. 
Almost all patients had an ultrasound scan former 
to or at the time of sampling. The exclusion criteria 
were diabetes, hypertension, multiple pregnancies, 
fetal congenital abnormalities, chronic inflammatory 
disorders, current use of corticosteroid, polycystic 
ovarian syndrome, and collagen vascular disease. Of the 
60 pregnant women, 25 were diagnosed with GDM, 15 
with PE, and 20 were normoglycemic and normotensive 
controls. Women were followed up till delivery. Those 
who developed GDM or PE during the study had a 
thorough counseling concerning diet, daily exercise, and 
regular evaluation of blood sugar or blood pressure. The 
oral glucose tolerance test was performed for all studied 
women. They were advised to fast for 12 h before the 
test. Plasma glucose concentrations were detected by the 
glucose oxidase method, based on the American Diabetes 
Association  (2003). Diagnosis of hypertension was 
established on systolic blood pressure more than or equal 
to 140 mmHg and/or diastolic more than or equal to 
90 mmHg after the 20th week of pregnancy based on the 
average of at least two measurements, taken using the 
same arm. Protein was detected in urine using dipsticks, 
and the diagnosis of proteinuria was based on protein 
concentration of more than or equal to 30 mg (≥1 + on 
dipstick) in two arbitrary urine samples in the absence 
of a urinary tract infection. Fasting blood glucose and 
insulin were measured at 16  weeks of gestation and 
insulin resistance was calculated using the homeostasis 
model assessment of insulin resistance. The value for 
insulin resistance was calculated from the product of the 
fasting concentration of insulin and glucose divided by 
a constant using the following formula: fasting serum 
insulin (μU/ml)×fasting plasma glucose (mg/dl)/405.

All participants granted informed consent, and the study 
was approved by the Ethical Committee of the National 
Research Center number 09035. A  maternal venous 
fasting blood sample was attained and collected over 
sodium fluoride for immediate glucose determination, 
and heparin for insulin and cytokine measurement, 
and then centrifuged for the separation of plasma 
using  (Sigma Laborzentrifugen, DRG International, 
Quantikine R and D systems is Saint Diego, California, 

USA) centrifuge. The obtained plasma was collected 
frozen at −20°C. Maternal glucose in plasma was analyzed 
spectrophotometrically using a kit from Stanbio (Boerne, 
Texas, USA). Fasting plasma insulin was measured 
using a kit from DRG International  (USA). TNF‑α 
was evaluated by Orgenium Finland Laboratories’ 
human TNF‑α ELISA kit, and IL‑6 was assayed using 
Quantikine R and D systems, ELISA kit.

Statistical analysis
Data analysis was performed with statistical package 
for the social sciences, version 16. Results are expressed 
as mean  ±  SD. Means of the groups were compared 
with the Student t test. For comparisons, P value less 
than 0.05 was accepted as significant.

Results
Statistical analysis was performed using Graph Pad 
Prism 5.00. Student’s t test was used for normally 
distributed values. It was done to determine the 
significance of difference between the control and each 
of the GDM and the PE group with respect to maternal 
age at delivery, weight, blood pressure, and cytokine level. 
When the variance was significantly different, Welch 
correction was done. The nonparametric Mann–Whitney 
U test determined the significant difference between 
the control group and each of the GDM and the PE 
groups with respect to their glucose level, insulin level, 
and insulin resistance. P values less than or equal to 0.05 
were considered statistically significant.

Women who developed gestational diabetes were older 
at expected date of delivery, had higher body weight, and 
48% of them were aged more than or equal to 30 years. 
None of the control groups had previous GDM. On 
the contrary, 52% with gestational diabetes had family 
history of diabetes and five of them had previous 
gestational diabetes  (Table  1). The maternal age of 
women who developed PE at delivery slightly differed 
from the normotensive pregnant females (Table 2).

Fasting glucose, fasting insulin, and homeostasis model 
assessment of insulin resistance were significantly 

Table 1 Gestational diabetes mellitus group versus control 
group

Control (n=20) 
(mean±SD)

GDM (n=25) 
(mean±SD)

P

Maternal age at delivery 
(years)

26.1±6.21 29.0±4.83 0.085

Age ≥30 years [n (%)] 6 (30) 12 (48)
Body weight (kg) 78±17.6 83.2±10.2 0.221
Family history of DM [n (%)] 5 (25) 13 (52)
Previous GDM None 5

GDM, gestational diabetes mellitus. P<0.05 is considered significant.
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higher in women who subsequently developed 
GDM compared with controls  (Table  3). Figs.  1–3 
demonstrated the difference in fasting glucose, fasting 
insulin levels, and the degree of insulin resistance in the 
control group and the GDM group.

When IL‑6 was measured at 16–18 weeks of gestation, 
its concentration was significantly higher in GDM 
group and PE late in pregnancy as compared with 
the control group, which remained of normal glucose 
tolerance and normotensive throughout pregnancy, with 
P value less than 0.0001 and 0.003, respectively (Fig. 4).

Unlike IL‑6, TNF‑α when measured at 16 weeks of 
gestation showed only significant difference in the 
GDM group that developed later during pregnancy 
when compared with the control group, which remained 
of normal glucose and normotensive during pregnancy, 
with a P value less than 0.0001. As for the group that 
developed PE later on during pregnancy, the TNF‑α 
concentration was not significantly different when 
compared with the control group (Fig. 5 and Table 4). 
The adverse outcomes in neonates of pregnant affected 

females with GDM and PE are demonstrated in 
Tables 5 and 6, respectively.

Discussion
Prepregnancy obesity is associated with increased risk of 
adverse pregnancy outcome such as GDM, gestational 

Fasting glucose level in control and GDM groups. GDM, gestational 
diabetes mellitus.

Figure 1

Fasting plasma insulin level in control and GDM groups. GDM, 
gestational diabetes mellitus.

Figure 2

Insulin resistance in control and GDM groups. GDM, gestational 
diabetes mellitus.

Figure 3

Table 2 Preeclamptic group versus control group
Control 
(n=20) 

(mean±SD)

Preeclampsia 
(n=15) 

(mean±SD)

P

Maternal age at 
delivery (years)

26.1±6.21 29.4±5.19 0.105

Age ≥30 years [n (%)] 6 (30) 2 (13.3)
Body weight (kg) 78±17.6 80±16.5 0.734
Systolic BP 115±6.7 142±14.8 <0.0001
Diastolic BP 74.7±4.3 96.9±9.1 <0.0001
Previous PE None 3

BP, blood pressure; PE, preeclampsia. P<0.05 is considered 
significant.

Table 3 Glucose, insulin, and insulin resistance in control 
versus gestational diabetes mellitus group

Control (n=20) 
(mean±SD)

GDM (n=25) 
(mean±SD)

P

Fasting glucose (mg/dl) 82.6±3.8 89±5.2 0.0019
Fasting insulin (μU/ml) 9.71±3.6 14±1.9 0.0006
HOMA‑IR 1.9±0.9 2.91±1.7 <0.0001

GDM, gestational diabetes mellitus; HOMA‑IR, homeostasis model 
assessment of insulin resistance. P<0.05 is considered significant.

Table 4 Comparison of interleukin‑6 and tumor necrosis 
factor alpha in control, gestational diabetes mellitus, and 
preeclampsia groups

Control 
(n=20)

GDM 
(n=25)

Preeclampsia 
(n=15)

P

IL‑6 (pg/ml) 4.95±1.27 7.23±1.77 6.83±1.45 <0.0001* 
0.003**

TNF‑α (pg/ml) 4.08±0.837 6.57±1.51 4.07±0.961 <0.0001* 
0.9653**

GDM, gestational diabetes mellitus; IL‑6, interleukin‑6; PE, 
preeclampsia; TNF‑α, tumor necrosis factor alpha. P<0.05 is 
considered significant. *P of control versus GDM. **P of control 
versus PE.
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hypertension, PE, fetal macrosomia, and the need of 
cesarean delivery (Singh and Rastogi, 2008).

GDM and type  2 diabetes mellitus have similar 
pathophysiology of increased insulin resistance. It has 
been shown that GDM and type 2 diabetes mellitus share 
similar genetic backgrounds (Khambalia et al., 2013). 
In our study, 52% of the women who developed 
gestational diabetes had a family history of diabetes. 
The recurrence rate of gestational diabetes in a second 
consecutive pregnancy was 41.2%  (Hernandez‑Díaz 
et al., 2009).

The association between primiparity and PE was at 
the core of several pathophysiological theories (Lappas 
et al., 2004). The risk recurrence was approximately 15% 
for women who had PE in one previous pregnancy, 
and approximately 30% were complicated with PE 
when two affected consecutive previous pregnancies 
occurred  (Morisset et  al., 2011). On the contrary, 
Wikstrom et al. (2011) found that women with previous 
preterm PE have increased risks of adverse pregnancy 
outcomes in a second pregnancy despite the absence of 
PE. In our current study, 35% of the pregnant females 
who developed PE experienced a previous pregnancy 
complicated with PE.

Our study revealed significant difference in the level of 
IL‑6 in the GDM compared with the control group, 
during 15–20 weeks of gestation. This is in contrast to 
the study of previous investigators who demonstrated 
that the release of IL‑6 was not different in patients 
with GDM versus women with normal glucose 
tolerance (Lain et al., 2008). However, others verified 
that serum IL‑6 levels were higher in GDM mothers 
compared with control women  (Ategbo et  al., 2006; 
Yang et al., 2018). The discrepancy may be explained by 
the presence of study differences in gestational time at 
IL‑6 measurement (Morisset et al., 2011).

In the study of McLachlan et al. (2006), TNF‑α correlated 
inversely with insulin secretion in pregnancy and was 
significantly higher in the GDM group. Xue‑Lian 
et al.  (2008) found significant difference in the values 
of TNF‑α among different groups (control and GDM) 
and gestational impaired glucose intolerance both at 
14–20 and 24–32 weeks of gestation. In a cross‑sectional 
study involving 53 pregnant women in the early third 
trimester of pregnancy, TNF‑α was significantly higher 
in GDM compared with controls  (Salmi et al., 2012). 
TNF‑α inhibits insulin secretion and regulates glucose 
uptake in GDM (Vrachnis et al., 2012). This agrees with 
the findings of our study where TNF‑α was significantly 
higher in GDM groups compared with the level of the 
control group. In contrast, Eschler et al. (2018) concluded 
that the TNF‑α levels in the plasma of GDM and 
control mothers were not significantly different.

In pregnancy, IL‑6 has been proposed to aggravate 
insulin resistance and participate in the pathogenesis 
of GDM (Heinrich et al., 2003).

Our study revealed elevation in IL‑6 but not TNF‑α 
in women with PE. Xiao et  al.  (2012) elucidated 
increased levels of IL‑6 in women with PE compared 
with healthy pregnant women regardless the onset of 
PE, supporting a generalized inflammatory condition 

Table 5 Neonatal outcomes of gestational diabetes 
mellitus‑affected women
Total number of newborns 25
Number of negatively affected newborns [n (%)] 16 (64)
Newborns with macrosomia (>4 kg) 10
Newborns with respiratory distress 2
Newborns with congenital anomalies 2
Newborns with jaundice 2

Table 6 Neonatal outcomes of preeclampsia‑affected females
Total number of newborns 15
Number of negatively affected newborns [n (%)] 10 (66.66)
Newborns with low birth weight 6
Newborns with intrauterine growth retardation 4

IL‑6 concentration in the three studied groups. IL‑6, interleukin‑6.

Figure 4

TNF‑α in the three studied groups. TNF‑α, tumor necrosis factor alpha.

Figure 5
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in PE. Similarly, previous studies delineated that IL‑6 
was significantly increased in women with PE at more 
than or equal to 36th weeks. Before delivery, the values 
of IL‑6 and TNF‑α in preeclampatic pregnant women 
were found to be significantly higher when compared 
with normotensive pregnant women  (Kronborg 
et  al., 2010). However, other results do not support 
an increase in IL‑6 levels in patients with early‑ and 
late‑onset PE (Kalinderis et al., 2011). The conflicting 
data on cytokine levels are most likely to be the result of 
the timing of sampling, but most importantly it reflects 
the diversity that lies within the pathogenesis of PE.

Several adverse neonatal outcomes were associated 
with GDM and PE, such as the pathogenesis of 
congenital malformations, which are four to ten times 
higher in pregnant women with diabetes. The precise 
mechanism by which it occurs has not been completely 
clarified. It is supposed that hyperglycemia could 
cause damage to the developing embryo, an increased 
production of free oxygen radicals, deficiency of 
myoinositol and arachidonic acid, and a disruption in 
signal transduction (Roca‑Rodríguez et al., 2017).

In this study, it was found that 36% of the neonates 
of GDM women and 33.33% of preeclampetic ones 
were affected. Neonates of GDM mothers experienced 
macrosomia, respiratory distress, congenital anomalies, 
and jaundice with an incidence of 40, 8, 8, and 8%, 
respectively. According to a study done by Gasim (2012), 
neonates born to women with GDM had a significantly 
higher rates of macrosomia compared with the 
neonates born to mothers from the control group. 
Additionally, the study of Bener et al. (2011) showed 
that the neonates of GDM mothers were at increased 
risk of preterm birth  (12.6%), macrosomia  (10.3%), 
and birth trauma (8%).

PE is a significant risk factor in the development of 
intrauterine growth retardation (IUGR) and represents 
the most common cause of IUGR in the nonanomalous 
infants  (Plaks et  al., 2013). PE is characterized by 
placental hypoperfusion and shallow trophoblast 
invasion of uterine blood vessels, putting the fetus at 
risk for IUGR and low birth weight (Marseglia et al., 
2016). According to the findings of our current study, 
40% of the neonates of the group with PE experienced 
low birth weight and 26.6% experienced IUGR. This 
indicates the negative effect on the health of the 
neonates of mothers with gestational disorders.

Conclusion
The results suggest that TNF‑α and IL‑6 play an 
important role in the prediction of the pathogenesis of 
GDM and PE.
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