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Summary

Background. Gestational diabetes mellitus (GDM) is one of the
most common metabolic disorders during pregnancy that signifi-
cantly affects perinatal outcomes.

Objective. The aim of this study was to determine the prevalence
of GDM and its relation with the incidence of stillbirth, preterm
birth, macrosomia, abortion and cesarean section (C-section)
delivery in pregnant women.

Methods. This cross-sectional study was conducted on 3675 preg-
nant women in 11 provinces across Iran. Cluster sampling was
used to select samples from mothers covered by health plans in
11 provinces of Iran. Prevalence of adverse pregnancy outcomes,
including preterm delivery, type of delivery, macrosomic preterm
birth, miscarriage, stillbirth, infant death, and birth weight were
measured, using family record and face-to-face interviews. Data
were analyzed by logistic regression, using STATAI14.2 software.
Results. About four percent of Iranian pregnant women had

Background

Gestational diabetes mellitus (GDM) is one of the
most common metabolic disorders during pregnancy
that significantly affects perinatal outcomes [1]. The
prevalence of GDM is different in recent studies,
worldwide. The prevalence of GDM is reported to
be 5.4% in Europe, 14% in Africa and 0.7 to 51% in
Asia [2-6]. Timely diagnosis and appropriate treatment
of GDM are very vital in preventing maternal and
fetal complications [7]. GDM occurs in approximately
2-5% of pregnancies and has short- and long-term
consequences for the mother, infant, and fetus [8, 9].

Preterm delivery, macrosomia, abortion, respiratory
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GDM during pregnancy. Prevalence of C-section was signifi-
cantly higher in diabetic women than in the non-diabetic ones
(53.19 vs 46.81, respectively, P < 0.001). Abortion in diabetic
mothers was more than twice that of the non-diabetic mothers
(P < 0.001). In the adjusted logistic regression model, the odds
of stillbirth in mothers with GDM were 1.8 (95% CI: 1.11, 2.91,
P = 0.018) times higher than that of the non-diabetics. The odds
of macrosomia in diabetic women was about 7 times higher than
the non-diabetic women (95% CI: 2.81, 17.14, P < 0.001). The
odds of GDM had an increasing trend according to the BMI
(p < 0.001). The risk of GDM were significantly lower, according
to the daily physical activity (PA) (p < 0.001).

Conclusion. The GDM prevalence has a decreasing trend in Iran.
It increases the adverse pregnancy outcomes such as stillbirth,
neonatal deaths, macrosomia, preterm birth, abortion and C-sec-
tion delivery. As, some of these consequences like macrosomia are
not treatable, thus early prevention is very crucial.

distress, stillbirth, neonatal deaths, and increased
caesarean section (C-section) delivery are among the
outcomes of GDM. In addition, GDM not only increases
the risk of type 2 diabetes and hypertension disorders in
mothers [10, 11] but also increases the risk of congenital
malformations, especially obstructive urinary tract
disorders, renal agenesis, and cardiovascular disorders
by 1.2 times in fetus [12].

Preterm labor and increased cesarean delivery are other
major complications of GDM that can lead to stillbirth
and infant mortality. For example, a case-control
study reported that the risks of C-section delivery
in diabetic pregnant women were twice that of non-
diabetic mothers [13]. In addition, in a cohort study, the



M. DARBANDI ET AL.

relative risk of C-section delivery for diabetic mothers
was 1.4 times (95% CI: 1.04-2.02) more than the non-
diabetic mothers [10].

Furthermore, a study on the consequences of GDM
has shown that perinatal events are higher in diabetic
mothers than in the non-diabetic patients. The results of
this study reported a 3-fold higher prenatal mortality in
neonates born in diabetic mothers, 9-fold higher rates of
first-year mortality, 3-fold more congenital anomalies,
and 3.6-fold higher incidence of large for gestational age
birth (LGA) in neonates of diabetic mothers compared to
the non-diabetic mothers [11]. Another study has shown
that pregnant women with a higher glucose challenge
test (GCT) have a significantly higher chance of preterm
delivery and perinatal events [14]. Another adverse of
GDM is the increased risk of diabetes type 1 in children.
Despite therapeutic advances such as stem cell therapies
for the treatment of diabetes type 1, a feasible and safe
clinical approach still remain for this purpose [15, 16].
Given that the consequences of GDM can endanger
the health of the mother and baby and even some of
these consequences like macrosomia are not treatable,
therefore, comprehensive research is needed on this
area, involving different population. Understanding the
adverse consequences of GDM can help us to better plan
for the prevention and control of GDM. So far, several
studies individually have investigated the prevalence and
complications of GDM in several cities of Iran, but the
present study was conducted in a more comprehensive way,
at the national level in 11 provinces of Iran. The aim of
this study was to determine the prevalence of GDM and its
relationship with the occurrence of stillbirth, preterm birth,
macrosomia, abortion and C-section in pregnant women.

Materials and methods

STUDY DESIGN AND POPULATION

This cross-sectional study was performed on
3,675 pregnant mothers in 11 provinces of Iran in 2019.
The present study was conducted, using data from a
population-based national case-control study conducted
in the year 2018 to determine the factors associated with
stillbirth and neonatal death. At the beginning of the
study, participants were provided with comprehensive
information on the study objectives, and questionnaires
were filled with informed consent. In Iran, health centers
provide primary health cares and general medical
services to the residences who are living in their defined
geographical areas. Mother and child’s health cares are
among the most important health services, which are
provided by the health centers under the supervision
of the Iranian ministry of health. The services include
maternity and pregnancy cares, vaccination and
monitoring child’s growth and development [17].

Samples were selected by cluster random sampling from
different regions of Iran, so that from all health centers
in Fars, Golestan, Kohkiluyeh and Boyer Ahmad, Yazd,
Kermanshah, Hamadan, Hormozgan, Chaharmahal and

Bakhtiari and South Khorasan provinces, as well as health
centers in Mashhad and Zahedan cities. Four cities in each
province were selected by cluster sampling from different
geographic regions of the North, South, East and West,
and in each of these areas, two health centers, one urban
and one rural, were randomly selected. Pregnant women
with a history of pre-gestational diabetes, use of drugs that
affect glucose metabolism, such as steroids and chronic
liver disease, endocrine disorders and connective tissue
disorders were excluded from the study.

Diagnosis of GDM is based on the latest nationwide
guidelines on GDM screening and diagnosis. Women
with GDM were identified by a GCT test by taking 50 g
of glucose and the blood glucose was measured one hour
later. The test result, as low as 130 mg/dL. were considered
negative and disease free, but equal to or greater than
130 mg/dLwere deemed to be positive in this program,
and OGTT testing with 100 g of glucose was performed
for those subjects. Finally, the diagnosis was based on
Carpenter’s criteria [17], so that if at least two of the
glucose tests were positive, the GDM was confirmed.

OUTCOMES OF PREGNANCY

Adverse pregnancy outcomes: Maternal and neonatal
outcomes included preterm delivery, type of delivery
(vaginal or C-section), and neonatal preterm birth. Fetal/
neonatal outcomes included macrosomia, abortion,
stillbirth, neonatal death, and low birth weight. Preterm
delivery and preterm birth were defined as delivery, or
birth before 37 weeks of gestation. Stillbirth was defined
as infant death at 22 weeks of gestation or after, and
abortion was defined as neonatal birth before 22 weeks
of gestation. Weight less than 2500 grams at birth, was
defined as low birth weight (LBW). Birth weight of
4000 g or more was considered as macrosomia of the
newborn [4].

DATA COLLECTION

Required data were collected based on the family records
of pregnant women in health centers, and by in-person
interviews to complete the questionnaires, using trained
individuals in health centers in the designated provinces.
The questionnaire included demographic characteristics
such as maternal age, place of residence, education,
ethnic, domestic violence during pregnancy and the
information on the outcomes of GDM, including type of
delivery, preterm birth, macrosomia, abortion, stillbirth,
neonatal death, and infant birth weight.

Weight gain during pregnancy was defined according
to the recommended weight gain by the World Health
Organization (WHO) guidelines and it was adjusted by
BMI categories [18]. We used five questions regarding
domestic violence during pregnancy to determine the
experience of it during pregnancy. It was defined as a
binary variable for analysis.

STATISTICAL ANALYSIS

Statistical analysis of data was performed at 95% CI,
using STATA 14.2 software (StataCorp, College Station,
TX, USA). Descriptive statistics were reported in
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frequency and percentage. Chi-square test was used to
compare the frequency of pregnancy outcomes between
diabetic and non-diabetic pregnant mothers. Univariate
and multiple logistic regression analysis was used to
evaluate the relationship between variables and GDM.

Results

In this study, 3,675 pregnant mothers from 11 provinces of
Iran with mean age of 27.2 + 6.0 years were participated.
Overall, four percent of Iranian pregnant women had
GDM during pregnancy. Most pregnancies were in the age
group of 26-35 years (46.78%) and the highest prevalence
of GDM was in the age group of 26-35 years (50.71%).
The proportion of GDM was higher in urban mothers
compared to the rural mothers. The prevalence of C-

Tab. 1. Descriptive characteristics of participants by gestational diabetes.
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section was significantly higher in diabetic patients than
in the non-diabetic women (53.19 vs 46.81, P < 0.001).
Abortion in diabetic mothers was more than twice that of
the non-diabetic mothers (P < 0.001) (Tab. I).

Table II presents the association between gestational
diabetes and adverse pregnancy outcomes. The
independent variable is GDM that was included into
the logistic regression model with adverse pregnancy
outcomes. The variables of age, education, place of
residence, ethnicity and physical violence were considered
as confounding factors in the logistic regression analysis.
GDM increases the adverse outcomes of pregnancy, with
a 63% higher risk of neonatal death in diabetic mothers
than the non-diabetic mothers (95% CI. 1.01, 2.63,
P = 0.044). Abortion in pregnant women with GDM
was 2.86 times more than the non-diabetic mothers
(95% CI: 1.96, 4.17, P < 0.001).

Gestational diabetes
Variables Categories Total Yes No
No. (%) No. (%)
<20 469 (13.19) 9(6.43) 460 (13.46)
21-25 1,090 (30.64) 19 (13.57) 1,071 (31.34)
Mother's age 26-35 1,664 (46.78) 71 (50.71) 1,593 (46.62)
36-40 253 (7.11) 30 (21.43) 223 (6.53)
> 41 81(2.28) 11 (7.86) 70 (2.05)
P-value* <0.001
Urban 1,528 (45.34) 71(51.82) 1,599 (45.59)
Living location Rural 1,842 (54.66) 66 (48.18) 1,908 (54.41)
P-value 0.135
llliterate 192 (5.560 12 (8.51) 204 (5.67)
Under diploma 1,676 (48.51) 69 (48.94) 1,745 (48.53)
Education Diploma 1,251 (36.21) 38(26.95) 1,289 (35.85)
Academic 336 (9/73) 22 (15.60) 358 (9.96)
P-value 0.018
Vaginal 2,340 (68.18) 75 (53.19) 2,415 (67.59)
Type of delivery Cesarean 1,092 (31.82) 66 (46.81) 1,158 (32.41)
P value <0.001
< 2,500 1,336 (63.30) 33 (47.83) 1,303 (66.96)
Birth weight 2,500-4,000 637 (31.61) 30 (43.48) 607 (31.19)
> 4,000 42 (2.08) 6(8.70) 36 (1.85)
P-value <0.001
0-11.5 kg 332 (10.61) 9(7.89) 323(10.72)
Weight gain during 12-14 kg 1,447 (46.26) 64 (56.14) 1,383 (45.89)
pregnancy > 14 kg 1,349 (43.13) 41 (35.96) 1,308 (43.40)
P-value 0.094
> 37 week 1,174 (60.64) 27 (42.19) 1,147 (61.27)
Cestational age < 37 week 762 (39.36) 37 (57.81) 725 (38.73)
P-value 0.002
Yes 475 (13.18) 41 (29.08) 434 (12.54)
Abortion No 3,128 (86.82) 100 (70.92) 3,028 (87.46)
P-value < 0.001
Live birth 1,016 (28.20) 27 (10.15) 989 (28.57)
Birth outcome Stillbirth 1,438 (39.91) 65 (46.10) 1,373 (39.66)
Infant death 1,149 (31.89) 49 (34.75) 1,100 (31.77)
P-value 0.049

* P value < 0.05, using the Chi-squared test.
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. . Unavailable _ Adjusted _
Variables Categories 0dds Ratio (95% c | ©-value 0dds Ratio ( 95% CI) P-value
Live birth Ref. - Ref. -
Birth outcome Stillirth 1.73 (1,09, 2.73) 0018 1.80 (1.1, 2.91) 0018
Infant's death 1,63 (1.01, 2.63) 0.044 1.72 (1.03, 2.85) 0036
Tvoe deliver Vaginal Ref. - Ref. -
VP Y Cesarean 1.88 (1,34, 2.64) <0.001 1,53 (1.07, 2.19) 0.02
) . Normal Ref. - Ref. -
Birth weight Macrosomia (> 4,000 9r) | 6.58 (2.59, 16.69) <0.001 6.94(2.81,17.14) <0.001
Weight gain during 12-14 kg Ref. - Ref. -
pregnancy >~ 14 kg 1,66 (0.81, 3.37) 0160 120057, 2.53) 0.636
No Ref. - Ref. -
Preterm birth
eterm birt Yes (< 37 weeks) 216 (1.30, 3.59) 0.003 1.82 (1.07, 3.09) 0.028
) ) No Ref. - Ref.
Abortion History Yes 2.86(1.96, 4.17) <0.001 1.84(121,2.78) 0.004

* Adjusted for age, place of residency, ethnic, physical activity.

Adjusted logistic regression model showed that the
chance of stillbirth in women with GDM was 80%
higher than in the non-diabetic women (95% CI: 1.11,
2.91, P = 0.018). The chance of macrosomia in diabetic
women was about 7 times higher, compared to the non-
diabetic women (95% CI: 2.81, 17.14, P < 0.001). The
chances of preterm birth were about two times higher
in women with GDM than in women without GDM.
GDM in women with history of C-section had a higher
chance of 50% than women who did not have C-section
(95% CI: 1.07, 2.19, P = 0.02).

The chance of overweight pregnancy (over 14 kg) were
about 20% higher in women with GDM than in the
non-diabetic women. A significant increasing trend was
found in the odds of having GDM in terms of body mass

index (P < 0.001). There was also a significant decrease
in the odds of GDM, according to the daily physical
activity (PA) (P <0.001) (Fig. 1).

Discussion

The findings of the present study, conducted in
11 provinces of Iran, showed that GDM increased
the adverse outcomes of pregnancy such as stillbirth,
neonatal death, macrosomia, preterm birth, abortion, and
cesarean delivery. A significant decreasing trend in the
GDM was found by birth cohort in the pregnant Iranian
women. In diabetic mothers, the odds of macrosomia,
miscarriage, and preterm birth were 6.9, 1.84 and

Prevalence of Gestational Diabetes per 100

o -

Fig. 1. Prevalence trend of GDM during pregnancy in Iran from 1971 to 2001.
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1.82 times of the non-diabetic mothers, respectively.
These consequences can decrease the quality of life of
the mother and infant in the short term or until the end
of life. Some of these outcomes like macrosomia are not
treatable, so early prevention is very important.
However, multifactorial congenital anomalies and their
causes are largely unknown, but meanwhile, several
non-hereditary factors including maternal age, pre-
and intra-pregnancy diabetes, maternal obesity, and
folic acid deficiency play an important role in their
development [19, 20]. The findings of this study indicate
that GDM is one of the important and changeable factors
that increases the chance of congenital anomalies. The
macrosomia was 7 times higher in mothers with GDM
than the non-diabetic mothers. The results of a study
conducted in Canada during the years 2002-2012 is
consistent with the results of the present study, and shows
an increasing trend of macrosomia in diabetic mothers.
The percentage of population attributable risk (PAR%)
of congenital malformations associated with diabetes
mellitus increased from 0.6 to 1.2% in pregnant
women. PAR% was increased from 2.3 to 4.2 and 0.8
to 1.4, in congenital cardiovascular malformations and
gastrointestinal deficiency, respectively [21]. Numerous
studies have reported a considerable high incidence of
congenital malformations in diabetic mothers than the
non-diabetic mothers [12, 19]. The study of Nelson et al.
has also shown that GDM increases the risk of congenital
malformations by 1.2 times, especially obstructive
urinary tract disorders, renal agenesis, cardiovascular
disorders, and multiple congenital abnormalities [12].
The cost of treatment of these outcomes is very high and
on the other hand, complete improvement is often not
feasible and may affect on quality of life. Accordingly,
there is a necessity for better implementation of primary
care and screening before pregnancy.

We found that the chance of stillbirth and neonatal death
in women with GDM was about 80% higher than that
of the non-diabetics. Previous studies have also reported
that GDM 1is associated with stillbirth and neonatal
death. In a study, the infant mortality rate (death rate per
1,000 or relative risk) in diabetic mothers was 15.5 vs
2.8, stillbirths in diabetic mothers, 9.7 vs 4, compared
to the non-diabetic women, and both outcomes were
significantly greater in the diabetic mothers. Perinatal
deaths in diabetic mothers were more than 3 times higher
than in the non-diabetic mothers [11]. Given the adverse
physical and psychological effects of this outcome for
mothers, it is recommended that pre-pregnancy health
care be provided at counseling clinics to reduce these
unpleasant outcomes. Control and regulation of blood
sugar before pregnancy can reduce the neonatal deaths
from GDM.

Having a body mass index (BMI) less than or above the
normal range is considered as a high-risk pregnancy [22].
Maternal obesity during pregnancy increases premature
birth and the risk of C-section delivery which is
associated with GDM, preeclampsia, intrauterine growth
restriction (IUGR) and thromboembolic events [23].
Numerous studies have reported a relationship between
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high BMI during pregnancy and increased risk of GDM
and insulin resistance [24, 25]. In the present study,
the chance of weight gain (over 14 kg) in mothers with
GDM was about 20% higher, compared to the non-
diabetic mothers.

A significant increasing trend in the odds of GDM was
found in terms of BMI in the results. Since there is a non-
linear dose-response relationship between concomitant
increases in gestational BMI and GDM [25, 26], the
incidence of GDM also increases with increasing BMI
levels, such as in those with low birth weight is 5.5%
and in obese individuals is 14.6% [25]. Therefore, high
BMI at the beginning of pregnancy is a serious alarm
for GDM that should be considered in prenatal care. In
fact, GDM increases the risk of type 2 diabetes, but the
results of various previous studies have shown that the
risk of type 2 diabetes decreases with weight loss, and
increased by PA during pregnancy and postpartum as
well [27]. Based on the similar results of various studies
and the importance of weight gain during pregnancy, it
can be said that BMI can predict the occurrence of GDM
in subsequent pregnancy [25].

In the present study, the chance of GDM in women
with a history of C- section was about 50% higher,
compared to women without a history of C- section. The
association between GDM and increased risk of cesarean
delivery has been reported in numerous studies [10, 13].
C-section in mothers with diabetes is approximately
twice than that of the non-diabetic mothers [13]. Gorgal
et al. in a study to determine whether GDM is associated
with non-elective cesarean sectionshowed that the rate
of non-selective C-section in diabetic mothers was
19.5% and in non-diabetic mothers 13.5% with a relative
risk of 1.4 [10]. In another study, cesarean delivery was
also significantly higher in diabetic mothers than in the
non-diabetic mothers (50.8 vs 31.8%) [13]. Therefore,
GDM is a risk factor for C-section and its associated
complications, and timely diagnosis and control can
reduce cesarean delivery and its complications.

The present study also revealed that the chance of
preterm birth in mothers with GDM is about twice as
high as those of the non-diabetic mothers. Other similar
studies have also reported an increased chance of preterm
delivery and preterm birth in diabetic mothers [28].
Another study has shown that preterm labor in diabetic
mothers is not different from the non-diabetic mothers,
but controlling blood glucose and bringing glucose
levels to a normal level, reduce preterm birth rates in
diabetic mothers [29].

Our study showed that the risk of GDM in mothers
with a history of abortion was about 80% higher than
women who had no history of abortion. The results of
national and international studies are in line with our
findings [30]. In the study of Jiang et al. the history of
abortion in mothers with GDM was significantly higher
than in the non-diabetic mothers (39.8 vs 30.5%) [31]. A
study by Feleke et alalso showed the association of GDM
with a history of abortion, and reported that abortion
increases the risk of GDM in the future pregnancies. In
his study, the chances of GDM in women with a history
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of abortion were 5 times higher [32], which may be
due to the effect of abortion on impaired normal insulin
metabolism in women [33].

Previous epidemiological studies have reported an inverse
relationship between the amount of PA during pregnancy
and GDM, and women with high levels of PA were
significantly less likely to develop GDM [5]. The results
of the present study also show a significant decrease in the
chance of GDM in terms of daily PA. Increasing PA levels
can reduce the risk of GDM in various approaches. First,
PA can compensate for the defect in the insulin signaling
pathway [34]. Second, PA may alter adipokine profile
levels, including adiponectin, leptin, resistin, and Visfatin,
which may lead to a decreased insulin resistance [35].
Third, PA by controlling the secretion and activity of
inflammatory markers such as TNF-a and IL-6 can
decrease the level of inflammation and insulin resistance
inhibiting factor [36]. Fourth, PA can decrease insulin
resistance in GDM by increasing levels of antioxidants
such as superoxide dismutase, catalase and glutathione
peroxidase, oxidative stress and the pathogenesis of
insulin resistance in GDM [37]. Therefore, the importance
of adequate PA during pregnancy is clearly understood.
Geographical extent and large sample size are the
strengths of the present study. One of the limitations
of the study is its cross-sectional design that does not
indicate any causal relationships. Future cohort studies
and clinical trials can provide more definitive conclusions
by better controlling the confounding factors.

conclusions

The results revealed that GDM could be considered as a
predictive factor which increases the adverse pregnancy
outcomes such as stillbirth, neonatal deaths, macrosomia,
preterm birth, abortion and C-section delivery which are
related with both maternal and fetus. Given that these
adverse consequences are preventable and treatable,
hence, early diagnosis of pregnant women at high-risk
for GDM is suggested to implementation the educational
program and to better prevent of the adverse pregnancy
outcomes.
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