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Objective. Gestational diabetes mellitus (GDM) is a growing global public health problem that can have short- and long-term health
consequences for the mother and the child. Despite its criticalness, many countries still do not have the epidemiological data which
could guide them in responding to the problem. Due to the lack of knowledge on GDM and the fact that diabetes and obesity are
high in Kuwait, this study sought to estimate the prevalence of GDM and determine its risk factors and outcomes. Methods. This
cross-sectional study enrolled 947 mothers living in Kuwait, who had given birth within the previous four years. Participants were
recruited from primary health care clinics and public hospitals. GDM status was self-reported by the mother. Associations between
exposures and outcomes were evaluated using logistic regression, and adjusted odds ratios (aORs) and 95% confidence intervals
(CIs) were estimated. Results. Of the 868 mothers with no prior history of diabetes mellitus, 109 (12.6%, 95% CI: 10.4, 14.8)
reported having been given a GDM diagnosis during their last pregnancy. The prevalence of GDM increased with maternal age
and prepregnancy body mass index. GDM was positively associated with caesarean section delivery (aOR = 1 76, 95% CI: 1.17,
2.66) and fetal macrosomia (aOR = 2 36, 95% CI: 1.14, 4.89). Conclusion. GDM is prevalent in Kuwait and is associated with
poor maternal, fetal, and neonatal outcomes. To date, GDM has received little attention, and there is a need for more research
to identify and respond to individual and public health implications of GDM in Kuwait.

1. Introduction

Gestational diabetes mellitus (GDM) is a transitory form of
diabetes (glucose intolerance) with onset or first recognition
during pregnancy. It is a major and growing public health
problem in most parts of the world, with a global preva-
lence of between 2% and 6% (and as high as 20% in
high-risk populations) [1–3]. Although accurate data on
the magnitude of GDM are not available due to the lack
of a universally accepted and adopted diagnostic criteria
and screening approaches [4–6], GDM is estimated to affect
around 1 in 10 pregnant women worldwide [7]. The inci-
dence of GDM is thought to have grown in concert with
type 2 diabetes mellitus (T2DM) and the obesity pandemic
[1, 2]. Despite the growing frequency of GDM, many coun-
tries have been slow in developing the type of policies and

practices needed to mitigate or manage the occurrence of
GDM due to the lack of empirical knowledge.

GDM carries short- as well as long-term risks for both
the mother and neonate. Complications and health conse-
quences of GDM to the mother include caesarean delivery,
postpartum hemorrhage, T2DM, obesity, hypertension, and
repeated gestational diabetes in subsequent pregnancies [7,
8]. A meta-analysis has estimated the recurrence rate of
GDM to be at 48% and can be as high as 80% among
high-risk women [9]. Women with previous history of
GDM are at 7-fold higher risk for developing T2DM later
in life in comparison to those with no GDM history [10].
Maternal age, ethnicity, obesity, and family history of dia-
betes are common risk factors for GDM [3, 11]. During
pregnancy, fetal macrosomia (abnormally large fetus; birth-
weight of greater than 4000–4500 g) is associated with
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GDM, which in turn increases the risk of perinatal mortal-
ity, asphyxia, and shoulder dystocia during vaginal delivery
[12, 13]. Infants and young children of GDM pregnancies
are also at increased risk of early obesity and T2DM [14].

The prevalence of GDM in any population appears to be
positively correlated to the prevalence of T2DM in women
[15]. Moreover, maternal prepregnancy obesity is a major
predisposing factor for GDM [16]. In Kuwait, the prevalence
of obesity among women aged ≥20 years has been estimated
to be 58.6% [17] and of T2DM is estimated to affect 23.1% of
the general population [18]. As a result of the aforemen-
tioned burden of obesity and T2DM, it is suspected that
GDM could be a major and challenging public health prob-
lem in Kuwait. However, the main challenge in mitigating
the disease is the lack of epidemiologic information. Contrib-
uting to the issue is the lack of consistent hospital records and
locally standardized conventional screening recommenda-
tions. Therefore to have an estimate of the prevalence of
GDM among women living in Kuwait, a cross-sectional
study was designed to provide data on the prevalence of
GDM and identify its risk factors and outcomes.

2. Methods

2.1. Study Setting. Kuwait is a small country in the Middle
East and North Africa region of the World Bank. It has an
area of around 18,000 square kilometers and a total popula-
tion of around 4.2 million. The population of Kuwait can
be divided into two separate communities, namely, citizens
of Kuwait (Kuwaitis) and labor migrants/expatriates (non-
Kuwaitis). Kuwaiti nationals constitute about 31% (1.3 mil-
lion) of the total population, of which about 660,000 (51%)
are women. Of the 2.9 million expatriates in Kuwait, around
970,000 (33.5%) are women. Approximately 304,000 Kuwaiti
and 616,000 non-Kuwaiti women are of reproductive age
(aged 15 to 44 years). The majority of the non-Kuwaiti
women of reproductive age are of Asian ethnicity (348,000)
or Arab ethnicity (208,000). Geographically, the population
of Kuwait is distributed over six governorates [19]. National
health care is provided free-of-charge to citizens and at min-
imal cost for noncitizens, whereas private hospitals charge
fees for everyone.

2.2. Study Design and Participants. A population-based
cross-sectional study was conducted by enrolling women
(n = 947) visiting health care facilities across Kuwait. Specif-
ically, women coming to any of the 29 randomly selected vac-
cination centers for routine vaccination of their children
were invited to participate in the study. Additionally, women
were recruited into the study from maternity wards at three
major general public hospitals. We restricted enrollment to
women who gave birth within the past 4 years since most
child vaccinations are completed by the age of 4 years.
Mothers were asked to self-complete a study-specific ques-
tionnaire that captured the demographic characteristics of
the mother and her last born child and inquired about their
clinical history and complications during the last pregnancy.
Ethical approval for this study was obtained from the Health
Sciences Center Ethics Committee for Students Research

Projects at Kuwait University on March 26, 2015. Written
informed consent was obtained from all study participants.
The study was conducted in accordance with the principles
and guidelines of the Declaration of Helsinki for medical
research involving human subjects.

2.3. Ascertainment of GDM. To determine GDM status,
mothers were asked the following question: “During your last
pregnancy, were you told by a doctor, nurse, or other health
care worker that you had gestational diabetes (diabetes that
started during your last pregnancy)?”, which was adapted
from the Pregnancy Risk Assessment Monitoring System
(PRAMS) questionnaire [20]. Mothers who responded posi-
tively to the previous question and reported no prepregnancy
history of doctor-diagnosed diabetes mellitus were consid-
ered to have had GDM.

2.4. Ascertainment of Exposure and Pregnancy Outcome
Variables. Mothers self-reported their prepregnancy weight
in kilograms (kg) and height in centimeters (cm) that were
used to calculate body mass index (BMI) by dividing weight
in kg by height in meters squared (kg/m2). Prepregnancy
BMI was categorized as the following: normal (BMI < 25 0),
overweight (25 0 ≤ BMI < 30 0), and obese (BMI ≥ 30 0).
The underweight group (BMI < 18 5) was analyzed with the
normal group due to a small proportion (2.0%, 16/813) of
mothers being underweight. Family history of GDM was
assessed by inquiring whether the participant’s mother
and/or sister(s) have ever been diagnosed with GDM by a
doctor. Family history of diabetes mellitus was ascertained
by asking if the participant’s mother, father, and/or sibling(s)
have ever been diagnosed with diabetes by a doctor. More-
over, mothers self-reported any prior history of stillbirths
and/or miscarriages.

In regard to pregnancy-related complications, mothers
were asked about the mode of birth of their last born child
(vaginal delivery or caesarean section). Pregnancy-induced
hypertension was ascertained by asking “During your last
pregnancy, did you suffer from pregnancy-related high blood
pressure?” Also, mothers were asked to self-report the birth
weight of their last born child in kg (fetal macrosomia:
birth weight ≥ 4 0 kg) and whether the child was born
before 37 gestational weeks (preterm baby: born before 37
gestational weeks).

2.5. Statistical Analysis. All statistical analyses were per-
formed using SAS 9.4 (SAS Institute, Cary, NC, USA). The
statistical significance level was set to α = 0 05 for all associa-
tion analyses. To determine whether the analytical study
sample (n = 868; includes participants who have information
on GDM status) is representative of the total enrolled study
sample (n = 947), we used chi-square (χ2) tests to compare
the proportions of categorical variables across these two sam-
ples. Odds ratios (ORs) and their associated 95% confidence
intervals (CIs) were estimated using logistic regression
models. Unadjusted (crude) associations between several
maternal characteristics and GDM status were explored. To
obtain adjusted associations and to find a set of predictor var-
iables that gives a model with good fit, a stepwise selection
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method was applied while using a p value of 0.2 as a criterion
for variable entry and stay in the model.

Associations between GDM status (exposure variable)
and pregnancy-related, fetal, and neonatal outcomes were
assessed (i.e., mode of delivery, preterm baby, pregnancy-
induced hypertension, and fetal macrosomia). For each out-
come variable, unadjusted and adjusted models were evalu-
ated. In the unadjusted models, associations between GDM
status and outcome variables were tested without statistically
adjusting for the effects of any confounders. In contrast, in
the adjusted models, potential confounders (i.e., maternal
nationality, age, education level, prepregnancy BMI, family
history of GDM, and family history of DM) were simulta-
neously entered into the logistic regression models. To select
potential confounders, manual backward elimination process
was applied. Covariates that changed the effect (i.e., OR) of
the main exposure of interest (i.e., GDM status) by more than
10% when excluded from the model were considered as pos-
sible confounders and were retained in the final model; oth-
erwise, the covariate was not considered as a potential
confounder. The aforementioned approach of selecting con-
founders, referred to as “change-in-estimate” approach, aims
at providing a model that controls most or all confounding
with a minimal number of variables while not relying on
the significance testing of the covariate coefficient [21]. Such
an approach could yield a different set of confounders for
each investigated outcome variable. Moreover, to determine
whether any of the considered covariates is an effect modifier
of the exposure-outcome association, interactions were eval-
uated on a multiplicative scale by including product terms in
the regression models.

3. Results

3.1. Description of Study Sample. The analytical study sample
(n = 868) and the total enrolled study sample (n = 947) were
similar with respect to all characteristics under study
(Table 1). Of the total study participants, 62.3% were of
Kuwaiti nationality. The mean age of the study participants
was 30 years (standard deviation: ±6). In regard to prepreg-
nancy BMI, 45.7%, 33.2%, and 21.1% of mothers were within
the normal, overweight, and obese BMI ranges, respectively
(Table 1). The prevalence of self-reported GDM was esti-
mated to be 12.6% (109/868; 95% CI: 10.4%, 14.8%) in the
analytical study sample.

3.2. Maternal Characteristics and GDM Status. Associations
between maternal characteristics and GDM status is shown
in Table 2. Our study indicates that GDM is more prevalent
among non-Kuwaiti women (16.5%) than Kuwaiti women
(10.2%; Table 2). After adjusting for potential confounders,
non-Kuwaiti women were more likely to report having
GDM than Kuwaiti women (adjusted OR = 2 77, 95% CI:
1.67, 4.58). The prevalence of GDM increased linearly as
maternal age increased, reaching 18.2% among mothers aged
35 years and above. Also, an increasing pattern in the preva-
lence of GDMwas seen with prepregnancy BMI, where 7.9%,
15.7%, and 17.0% of women in the normal, overweight, and
obesity ?categories reported having GDM, respectively

(Table 2). Women with family (maternal/sister) history of
GDM were more likely to report having GDM than those
with no family history of GDM (adjusted OR = 2 70, 95%
CI: 1.65, 4.41). Moreover, reporting history of giving stillbirth
and/or miscarriage was positively associated with having
GDM (adjusted OR = 1 71, 95% CI: 1.06, 2.77; Table 2).

3.3. GDM Status and Pregnancy and Neonatal Outcomes.
Associations between GDM status (exposure variable) and
pregnancy, fetal, and neonatal complications were explored
(Table 3). Caesarean section delivery was more common
among women who reported suffering from GDM during
their last pregnancy compared to those without GDM
(adjusted OR = 1 76, 95% CI: 1.17, 2.66). Pregnancy-
induced hypertension was found to be more common among
mothers affected by GDM (25.9%) as compared to those who
did not report GDM (16.2%; adjusted OR = 1 63, 95% CI:
0.97, 2.73). In addition, 20.7% of mothers affected by GDM
compared to 14.0% of those without GDM reported a history
of delivering a preterm baby (OR = 1 61, 95% CI: 0.97, 2.69).
Moreover, maternal GDM was positively associated with
fetal macrosomia (adjusted OR = 2 36, 95% CI: 1.14, 4.89;
Table 3). Of note, none of the tested statistical interactions
between covariates and GDM status on the different out-
comes presented in Table 3 showed statistical significance
(i.e., p values associated with product terms (interactions)
were greater than the statistical significance level of α = 0 05
; data not shown).

4. Discussion

This study is the first to estimate the prevalence of GDM in
Kuwait and determine associated risk factors and outcomes.
Our study estimated that 12.6% of pregnancies in Kuwait
are affected by GDM, based on self-reporting. Maternal
nationality, advanced age, prepregnancy overweight/obesity,
family history of T2DM/GDM, and prior history of giving
stillbirth/miscarriage were associated with increased risk
of GDM in our study. With regard to GDM-associated out-
comes, mothers affected by GDM compared to those with
no GDM history were at increased risk of caesarean section
delivery, giving birth to preterm baby, pregnancy-induced
hypertension, and having a macrosomic (large) baby. Our
findings indicate that GDM is prevalent among women in
Kuwait and is associated with poor maternal, fetal, and
neonatal outcomes.

The estimated prevalence of GDM in Kuwait (12.6%, 95%
CI: 10.4%, 14.8%) is similar to estimates found in neighboring
countries such as Bahrain (10.1%) [22], UAE (13.3%) [23],
Saudi Arabia (15.4%) [24], andQatar (16.3%) [25]. Compara-
tive data forGDMin theUnitedStates [20],Australia [26], and
Sweden [27] range from 4.6-9.2%, 4.8-6.7%, and 0.4-1.5%,
respectively. The elevated prevalence of GDM in Kuwait
reflects the high prevalence of T2DM (23.1%) and obesity
(58.6% among women aged ≥20 years) in Kuwait [17, 28].

Several maternal characteristics have been reported to be
associated with increased risk of developing GDM, such as
maternal ethnicity, age, prepregnancy overweight/obesity,
and family history of T2DM. Our study showed that maternal
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nationality was associated with GDM (Kuwaiti 10.2% vs.
non-Kuwaiti 16.5% women). Although specific informa-
tion on maternal ethnicity/race was not acquired in our
study, the disparity in the prevalence between Kuwaiti
and non-Kuwaiti women is suspected to be due to differ-
ent maternal ethnicity/race; most non-Kuwaiti women liv-
ing in Kuwait are of Asian ethnicity (56.5%), which is
known to be a high-risk ethnicity for GDM [29]. Moreover,
different social, behavioral, and environmental aspects could
explain some of the observed nationality-based differences.
On the other hand, the observed associations between
advanced maternal age, prepregnancy overweight/obesity,
and family history of diabetes mellitus with increased risk
of GDM concur with findings from prior studies [1, 3, 16].
Similarly, a body of existing literature support the noted

associations between GDM and increased risk of maternal
and fetal/neonatal complications (e.g., caesarean section
delivery, pregnancy-induced hypertension, preterm baby,
and fetal macrosomia) [7, 12, 14, 27]. A prior case-control
study conducted in Kuwait showed that women with gesta-
tional diabetes compared to those with no diabetes (controls)
had higher risk of stillbirth and delivering macrosomic babies
[30]; results that are similar to our observations. Although we
have tested for statistical interactions (effect modification)
between covariates and GDM status on the different out-
comes (see Table 3), none of the evaluated interaction terms
showed statistical significance.

The wide coverage of enrollment venues across all gover-
norates in Kuwait (29 randomly selected vaccination centers
and three general public hospitals) is a major strength to our

Table 1: Characteristics of the total study sample and the analytical sample.

Total study sample
(n = 947)
% (n)

Analytical study sample1

(n = 868)
% (n)

Nationality

Kuwaiti 62.3 (590) 62.3 (541)

Non-Kuwaiti 37.7 (357) 37.3 (327)

Age (years)

<25 16.6 (157) 17.6 (152)

25 – 29 30.0 (283) 30.3 (262)

30 – 34 29.4 (277) 29.2 (253)

≥35 24.0 (226) 22.9 (198)

Missing, n 4 3

Education level

≤Middle school 5.7 (54) 5.6 (48)

High School 17.6 (166) 16.3 (141)

≥College or university 76.7 (723) 78.1 (676)

Missing (n) 4 3

Prepregnancy BMI (kg/m2)

Normal (<25.0) 44.9 (365) 45.7 (343)

Overweight (25.0 – 29.9) 33.2 (270) 33.2 (249)

Obese (≥30.0) 21.9 (178) 21.1 (159)

Missing (n) 134 117

Family history of GDM2

Yes 31.0 (291) 28.9 (250)

No 79.0 (649) 71.1 (614)

Missing (n) 7 4

Family history of DM3

Yes 59.7 (563) 58.1 (503)

No 40.3 (379) 41.9 (362)

Missing (n) 5 3

Stillbirth and/or miscarriage

Yes 30.7 (286) 29.8 (255)

No 69.3 (645) 70.2 (601)

Missing (n) 16 12

GDM: gestational diabetes mellitus; DM: diabetes mellitus; BMI: body mass index. 1Analytical study sample is restricted to participants with information on
GDM status. 2Refers to history of GDM in mother and/or sister of the participant. 3Refers to history of DM in mother, father, and/or sibling of the participant.
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cross-sectional study. Enrolling study participants from dif-
ferent parts of Kuwait helped maximize the representative-
ness of our study sample. Possible limitations in our study
include the cross-sectional nature of our study design which
reduced our ability to infer temporal relationships between
exposures and outcomes. Self-reporting of information may
also have been subject to some degree of reporting/recall bias.
In the current study, GDM status was ascertained based on a
self-reported method, which can either overestimate or
underestimate the prevalence of GDM. Such variation can
be due to the lack of a universal screening methodology for
GDM and missed diagnosis. An international survey asses-
sing GDM screening and management practices indicated

that there is no consensus on a national guideline nor a
screening criteria in Kuwait [31]. However, through personal
communications with the heads of obstetrics and gynecology
departments at different public/private hospitals/clinics in
Kuwait, majority have reported using the one-step 75 g oral
glucose tolerance test (OGTT) as recommended by the
American Diabetes Association (ADA) for GDM screening
and diagnosis at 24–28 weeks of gestation [32]. Nevertheless,
some cases of GDMmay not have been detected through the
current screening and diagnostic strategies. Given the afore-
mentioned challenges, misclassification of GDM status is
inevitable; nevertheless, the results on GDM outcomes
observed in the current report are similar to prior reports,

Table 2: Associations between maternal characteristics and gestational diabetes mellitus status.

GDM
% (n/total)

Unadjusted
OR (95% CI)

Adjusted1

OR (95% CI)

Nationality

Kuwaiti 10.2 (55/541) 1.00 (reference) 1.00 (reference)

Non-Kuwaiti 16.5 (54/327) 1.75 (1.17, 2.62) 2.77 (1.67, 4.58)

p value 0.007 <0.001
Age (years)

<25 6.6 (10/152) 1.00 (reference) —

25 – 29 10.3 (27/262) 1.63 (0.77, 3.47) —

30 – 34 14.2 (36/253) 2.36 (1.13, 4.90) —

≥35 18.2 (36/198) 3.16 (1.51, 6.59) —

p value 0.008 —

Education level

≤Middle school 27.1 (13/48) 3.03 (1.53, 5.98) 1.78 (0.76, 4.17)

High School 15.6 (22/141) 1.51 (0.90, 2.52) 1.62 (0.92, 2.86)

≥College or university 10.9 (74/677) 1.00 (reference) 1.00 (reference)

p value 0.004 0.147

Prepregnancy BMI (kg/m2)

Normal (<25.0) 7.9 (27/343) 1.00 (reference) 1.00 (reference)

Overweight (25.0 – 29.9) 15.7 (39/249) 2.17 (1.29, 3.66) 2.23 (1.29, 3.87)

Obese (≥30.0) 17.0 (27/159) 2.39 (1.35, 4.24) 2.05 (1.11, 3.79)

p value 0.003 0.011

Family history of GDM2

No 9.5 (58/614) 1.00 (reference) 1.00 (reference)

Yes 19.9 (50/251) 2.39 (1.58, 3.60) 2.70 (1.65, 4.41)

p value <0.001 <0.001
Family history of DM3

No 8.8 (32/363) 1.00 (reference) —

Yes 15.1 (76/503) 1.84 (1.19, 2.85) —

p value 0.006 —

History of stillbirth/miscarriage

No 10.8 (65/602) 1.00 (reference) 1.00 (reference)

Yes 16.1 (41/255) 1.58 (1.04, 2.41) 1.71 (1.06, 2.77)

p value 0.033 0.029

GDM: gestational diabetes mellitus; DM: diabetes mellitus; BMI: body mass index; OR: odds ratio; CI: confidence interval. 1Stepwise variable selection method
was applied to choose the best-fitting model. Variables were selected based on p value cutoff of 0.2 for variable entry and stay in the model. Adjusted ORs are
presented for the variables that were selected in the stepwise selection process. The variables age and family history of DM were not selected in this selection
process. 2Refers to history of GDM in mother and/or sister of the participant. 3Refers to history of DM in mother, father, and/or sibling of the participant.
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and the estimated prevalence is similar to regional esti-
mates, which is an indication that probably most of the
mothers are well classified into GDM or not. However,
future studies using the objective methods of GDM ascer-
tainment are needed to corroborate our findings. Moreover,
since pregnancy-induced hypertension was self-reported by
mothers, the possibility of misreporting preeclampsia for
hypertension or vice versa cannot be excluded.

Maternal prepregnancyoverweight/obesity is amajor yet a
modifiable risk factor forGDMdevelopment [3]. Prior studies
have indicated that up to 50% of GDM cases can be attributed
to maternal prepregnancy overweight/obesity alone [33, 34].
Given the high prevalence of obesity among women of
child-bearing age in Kuwait (58.6%) and its critical role in
the development of GDM, there is an urgent need to develop
national strategies that aim at mitigating the overweight/obe-
sity epidemic in Kuwait. Also, better understanding of the
magnitude and risk factors of GDM in Kuwait is needed to
develop preventive strategies that aim at improving maternal
and child health and mitigate GDM. This investigation is the
first to provide much needed long overdue epidemiological
data on the nature of the GDM problem in Kuwait.

5. Conclusions

Our study found that 12.6% of women in Kuwait are affected
by GDM and that mothers and newborns exposed to GDM
are at increased risk of adverse health outcomes. To better
understand the magnitude of and respond to GDM in
Kuwait, there is a need to develop national guidelines, strate-
gies, and polices through first gaining empirical knowledge
on the current situation.

Data Availability

The data used to support the findings of this study are
available from the corresponding author upon request.

Conflicts of Interest

The authors declare that there are no conflicts of interest
regarding the publication of this paper.

Acknowledgments

We acknowledge the help and time of the study subjects.
Also, the authors would like to thank Dr. Najwa Bahnasawy
for her contribution to data cleaning.

References

[1] E. A. Reece, G. Leguizamon, and A. Wiznitzer, “Gestational
diabetes: the need for a common ground,” The Lancet,
vol. 373, no. 9677, pp. 1789–1797, 2009.

[2] A. Ferrara, “Increasing prevalence of gestational diabetes
mellitus: a public health perspective,” Diabetes Care, vol. 30,
Supplement 2, pp. S141–S146, 2007.

[3] F. Galtier, “Definition, epidemiology, risk factors,” Diabetes &
Metabolism, vol. 36, no. 6, pp. 628–651, 2010.

[4] B. S. Buckley, J. Harreiter, P. Damm et al., “Gestational diabe-
tes mellitus in Europe: prevalence, current screening practice
and barriers to screening. A review,” Diabetic Medicine,
vol. 29, no. 7, pp. 844–854, 2012.

[5] T. Cundy, E. Ackermann, and E. A. Ryan, “Gestational diabe-
tes: new criteria may triple the prevalence but effect on out-
comes is unclear,” British Medical Journal, vol. 348,
no. mar11 6, article g1567, 2014.

[6] J. M. Kendrick, “Screening and diagnosing gestational diabetes
mellitus revisited: implications from HAPO,” The Journal of
Perinatal & Neonatal Nursing, vol. 25, no. 3, pp. 226–232,
2011.

[7] S. Veeraswamy, B. Vijayam, V. K. Gupta, and A. Kapur,
“Gestational diabetes: the public health relevance and
approach,” Diabetes Research and Clinical Practice, vol. 97,
no. 3, pp. 350–358, 2012.

Table 3: Associations between gestational diabetes mellitus status and pregnancy-related, fetal, and neonatal complications.

Outcome variables
GDM
% (n)

No GDM
% (n)

Unadjusted model Adjusted model
OR (95% CI) p value OR (95% CI) p value

Mode of delivery

Vaginal 51.9 (56) 67.1 (504) 1.00 (reference) 1.00 (reference)

Caesarean section 48.1 (52) 32.9 (247) 1.90 (1.26, 2.85) 0.002 1.76 (1.17, 2.66)1 0.007

Pregnancy-induced hypertension

No 74.1 (80) 83.8 (632) 1.00 (reference) 1.00 (reference)

Yes 25.9 (28) 16.2 (122) 1.81 (1.13, 2.91) 0.014 1.63 (0.97, 2.73)2 0.067

Preterm baby (<37 weeks)
No 79.3 (84) 86.0 (646) 1.00 (reference)

Yes 20.7 (22) 14.0 (105) 1.61 (0.97, 2.69) 0.068 N/A

Fetal macrosomia (≥4000 g)
No 83.2 (79) 93.3 (601) 1.00 (reference) 1.00 (reference)

Yes 16.8 (16) 6.7 (43) 2.83 (1.52, 5.26) 0.001 2.36 (1.14, 4.89)3 0.021

N/A refers to the situation of failing to find a covariate/confounder that changed the OR associated with GDM status of the full model by more than
10%. 1Adjusted for maternal nationality. 2Adjusted for maternal prepregnancy BMI. 3Adjusted for maternal nationality, prepregnancy BMI, and family
history of GDM.

6 Journal of Diabetes Research



[8] L. Hiersch and Y. Yogev, “Impact of gestational hyperglycemia
on maternal and child health,” Current Opinion in Clinical
Nutrition and Metabolic Care, vol. 17, no. 3, pp. 255–260,
2014.

[9] N. Schwartz, Z. Nachum, and M. S. Green, “The prevalence of
gestational diabetes mellitus recurrence-effect of ethnicity and
parity: a metaanalysis,” American Journal of Obstetrics and
Gynecology, vol. 213, no. 3, pp. 310–317, 2015.

[10] L. Bellamy, J. P. Casas, A. D. Hingorani, and D. Williams,
“Type 2 diabetes mellitus after gestational diabetes: a system-
atic review and meta-analysis,” The Lancet, vol. 373, no. 9677,
pp. 1773–1779, 2009.

[11] J. Pu, B. Zhao, E. J. Wang et al., “Racial/ethnic differences in
gestational diabetes prevalence and contribution of common
risk factors,” Paediatric and Perinatal Epidemiology, vol. 29,
no. 5, pp. 436–443, 2015.

[12] K. Kc, S. Shakya, and H. Zhang, “Gestational diabetes mellitus
and macrosomia: a literature review,” Annals of Nutrition &
Metabolism, vol. 66, no. 2, pp. 14–20, 2015.

[13] T. Henriksen, “The macrosomic fetus: a challenge in current
obstetrics,” Acta Obstetricia et Gynecologica Scandinavica,
vol. 87, no. 2, pp. 134–145, 2008.

[14] D. Mitanchez, A. Burguet, and U. Simeoni, “Infants born to
mothers with gestational diabetes mellitus: mild neonatal
effects, a long-term threat to global health,” The Journal of
Pediatrics, vol. 164, no. 3, pp. 445–450, 2014.

[15] E. Ashwal and M. Hod, “Gestational diabetes mellitus: where
are we now?,” Clinica Chimica Acta, vol. 451, pp. 14–20, 2015.

[16] M. R. Torloni, A. P. Betrán, B. L. Horta et al., “Prepregnancy
BMI and the risk of gestational diabetes: a systematic review
of the literature with meta-analysis,” Obesity Reviews, vol. 10,
no. 2, pp. 194–203, 2009.

[17] M. Ng, T. Fleming, M. Robinson et al., “Global, regional, and
national prevalence of overweight and obesity in children
and adults during 1980-2013: a systematic analysis for the
Global Burden of Disease Study 2013,” The Lancet, vol. 384,
no. 9945, pp. 766–781, 2014.

[18] A. Majeed, A. A. El-Sayed, T. Khoja, R. Alshamsan, C. Millett,
and S. Rawaf, “Diabetes in the Middle-East and North Africa:
an update,” Diabetes Research and Clinical Practice, vol. 103,
no. 2, pp. 218–222, 2014.

[19] The Public Authority for Civil Information, “Population statis-
tics report,” April 2015, https://www.paci.gov.kw/stat/Default
.aspx.

[20] C. L. DeSisto, S. Y. Kim, and A. J. Sharma, “Prevalence
estimates of gestational diabetes mellitus in the United
States, Pregnancy Risk Assessment Monitoring System
(PRAMS), 2007-2010,” Preventing Chronic Disease, vol. 11,
2014.

[21] S. Greenland and N. Pearce, “Statistical foundations for
model-based adjustments,” Annual Review of Public Health,
vol. 36, no. 1, pp. 89–108, 2015.

[22] K. E. Rajab, A. A. Issa, Z. A. Hasan, E. Rajab, and A. A. Jaradat,
“Incidence of gestational diabetes mellitus in Bahrain from
2002 to 2010,” International Journal of Gynaecology and
Obstetrics, vol. 117, no. 1, pp. 74–77, 2012.

[23] M. M. Agarwal, G. S. Dhatt, and Y. Othman, “Gestational dia-
betes mellitus prevalence: effect of the laboratory analytical
variation,” Diabetes Research and Clinical Practice, vol. 109,
no. 3, pp. 493–499, 2015.

[24] H. A. Wahabi, A. A. Fayed, R. A. Alzeidan, and A. A. Mandil,
“The independent effects of maternal obesity and gestational
diabetes on the pregnancy outcomes,” BMC Endocrine Disor-
ders, vol. 14, no. 1, p. 47, 2014.

[25] A. Bener, N. M. Saleh, and A. Al-Hamaq, “Prevalence of
gestational diabetes and associated maternal and neonatal
complications in a fast-developing community: global com-
parisons,” International Journal of Women's Health, vol. 3,
pp. 367–373, 2011.

[26] C. Chamberlain, G. Joshy, H. Li, J. Oats, S. Eades, and E. Banks,
“The prevalence of gestational diabetes mellitus among
Aboriginal and Torres Strait Islander women in Australia: a
systematic review and meta-analysis,” Diabetes/Metabolism
Research and Reviews, vol. 31, no. 3, pp. 234–247, 2015.

[27] H. E. Fadl, I. K. M. Östlund, A. F. K. Magnuson, and U. S. B.
Hanson, “Maternal and neonatal outcomes and time trends
of gestational diabetes mellitus in Sweden from 1991 to
2003,” Diabetic Medicine, vol. 27, no. 4, pp. 436–441, 2010.

[28] L. Guariguata, D. R. Whiting, I. Hambleton, J. Beagley,
U. Linnenkamp, and J. E. Shaw, “Global estimates of diabetes
prevalence for 2013 and projections for 2035,” Diabetes
Research and Clinical Practice, vol. 103, no. 2, pp. 137–149,
2014.

[29] L. Yuen and V. W. Wong, “Gestational diabetes mellitus: chal-
lenges for different ethnic groups,” World Journal of Diabetes,
vol. 6, no. 8, pp. 1024–1032, 2015.

[30] F. D. Johnstone, A. A. Nasrat, and R. J. Prescott, “The effect of
established and gestational diabetes on pregnancy outcome,”
British Journal of Obstetrics and Gynaecology, vol. 97, no. 11,
pp. 1009–1015, 1990.

[31] A. Jiwani, E. Marseille, N. Lohse, P. Damm, M. Hod, and J. G.
Kahn, “Gestational diabetes mellitus: results from a survey of
country prevalence and practices,” The Journal of Maternal-
Fetal & Neonatal Medicine, vol. 25, no. 6, pp. 600–610, 2012.

[32] American Diabetes Association, “2. Classification and diagno-
sis of diabetes: standards of medical care in diabetes—2018,”
Diabetes Care, vol. 41, Supplement 1, pp. S13–S27, 2018.

[33] S. Y. Kim, L. England, W. Sappenfield et al., “Racial/ethnic dif-
ferences in the percentage of gestational diabetes mellitus cases
attributable to overweight and obesity, Florida, 2004-2007,”
Preventing Chronic Disease, vol. 9, article E88, 2012.

[34] S. Y. Kim, C. Saraiva, M. Curtis, H. G. Wilson, J. Troyan, and
A. J. Sharma, “Fraction of gestational diabetes mellitus attrib-
utable to overweight and obesity by race/ethnicity, California,
2007-2009,” American Journal of Public Health, vol. 103,
no. 10, pp. e65–e72, 2013.

7Journal of Diabetes Research

https://www.paci.gov.kw/stat/Default.aspx
https://www.paci.gov.kw/stat/Default.aspx


Stem Cells 
International

Hindawi
www.hindawi.com Volume 2018

Hindawi
www.hindawi.com Volume 2018

MEDIATORS
INFLAMMATION

of

Endocrinology
International Journal of

Hindawi
www.hindawi.com Volume 2018

Hindawi
www.hindawi.com Volume 2018

Disease Markers

Hindawi
www.hindawi.com Volume 2018

BioMed 
Research International

Oncology
Journal of

Hindawi
www.hindawi.com Volume 2013

Hindawi
www.hindawi.com Volume 2018

Oxidative Medicine and 
Cellular Longevity

Hindawi
www.hindawi.com Volume 2018

PPAR Research

Hindawi Publishing Corporation 
http://www.hindawi.com Volume 2013
Hindawi
www.hindawi.com

The Scientific 
World Journal

Volume 2018

Immunology Research
Hindawi
www.hindawi.com Volume 2018

Journal of

Obesity
Journal of

Hindawi
www.hindawi.com Volume 2018

Hindawi
www.hindawi.com Volume 2018

 Computational and  
Mathematical Methods 
in Medicine

Hindawi
www.hindawi.com Volume 2018

Behavioural 
Neurology

Ophthalmology
Journal of

Hindawi
www.hindawi.com Volume 2018

Diabetes Research
Journal of

Hindawi
www.hindawi.com Volume 2018

Hindawi
www.hindawi.com Volume 2018

Research and Treatment
AIDS

Hindawi
www.hindawi.com Volume 2018

Gastroenterology 
Research and Practice

Hindawi
www.hindawi.com Volume 2018

Parkinson’s 
Disease

Evidence-Based 
Complementary and
Alternative Medicine

Volume 2018
Hindawi
www.hindawi.com

Submit your manuscripts at
www.hindawi.com

https://www.hindawi.com/journals/sci/
https://www.hindawi.com/journals/mi/
https://www.hindawi.com/journals/ije/
https://www.hindawi.com/journals/dm/
https://www.hindawi.com/journals/bmri/
https://www.hindawi.com/journals/jo/
https://www.hindawi.com/journals/omcl/
https://www.hindawi.com/journals/ppar/
https://www.hindawi.com/journals/tswj/
https://www.hindawi.com/journals/jir/
https://www.hindawi.com/journals/jobe/
https://www.hindawi.com/journals/cmmm/
https://www.hindawi.com/journals/bn/
https://www.hindawi.com/journals/joph/
https://www.hindawi.com/journals/jdr/
https://www.hindawi.com/journals/art/
https://www.hindawi.com/journals/grp/
https://www.hindawi.com/journals/pd/
https://www.hindawi.com/journals/ecam/
https://www.hindawi.com/
https://www.hindawi.com/

