Cancer Causes Control (2011) 22:1513-1520
DOI 10.1007/s10552-011-9825-5

ORIGINAL PAPER

Gestational diabetes and risk of incident primary cancer:
a large historical cohort study in Israel

Tal Sella - Gabriel Chodick - Micha Barchana -
Anthony D. Heymann * Avi Porath -
Ehud Kokia - Varda Shalev

Received: 31 May 2011/ Accepted: 29 July 2011/Published online: 17 August 2011

© Springer Science+Business Media B.V. 2011

Abstract

Purpose  Gestational diabetes mellitus (GDM), a state of
glucose intolerance associated with pregnancy, is increas-
ing in prevalence. Data regarding the cancer risk associated
with GDM are sparse and limited to cancers of the breast
and pancreas. This study was conducted to examine the risk
of incident overall and site-specific malignancies associ-
ated with prior GDM in a historical cohort of women in a
large health maintenance organization in Israel.

Methods All pregnant women aged 15-50 years who
underwent 50-g glucose challenge tests between 13 March
1995 and 27 May 2009, without history of malignancy,
diabetes, and infertility, were included. Clinical and
demographic parameters at index date including age,
socioeconomic level, BMI, and parity were collected.
Diagnosis of gestational diabetes was based on the 100-g
oral glucose tolerance test using Carpenter and Coustan
criteria. Cancer diagnoses were obtained from the Israel
Cancer Register through linkage data.
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Results  Among the 185,315 women who had undergone
glucose challenge during the study period, 11,264 (6.1%)
were diagnosed with GDM. During a total follow-up period
of 1.05 million person-years (mean = 5.19 £ 3.9, med-
ian = 4.3), 2,034 incident cases of cancer were identified.
GDM was associated with a hazard ratio (HR) of 7.06
(95% CI: 1.69-29.45) for pancreatic cancer (nine cases)
and a HR of 1.70 (95% CI: 0.97-2.99) for hematological
malignancies (177 cases). The association between GDM
and hematological malignancies was limited to women
with 5 or more years of follow-up (HR = 4.53; 95% CI:
1.81-11.31).

Conclusion GDM is associated with an increased risk of
pancreatic cancer and hematologic malignancies.
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Pancreatic cancer - Lymphoma

Abbreviations
GDM  Gestational diabetes mellitus
DM Diabetes mellitus

GCT Glucose challenge test

OGTT Oral glucose tolerance test
HMO  Health maintenance organization
MHS  Maccabi healthcare services
NHL  Non-hodgkin’s lymphoma

AML  Acute myeloid leukemia
Introduction

Gestational diabetes mellitus (GDM) is defined as any
degree of carbohydrate intolerance with onset or first rec-
ognition during pregnancy [1]. Pregnancy is normally
accompanied by progressive insulin resistance due to a
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combination of increased maternal adiposity and the insu-
lin-desensitizing effects of placental hormones [2]. While
most women are able to compensate through increased
insulin secretion, women with GDM become hyperglyce-
mic, possibly exposing various chronic metabolic abnor-
malities. GDM complicates 2-5% of pregnancies in the
United States [3] with prevalence rates varying by ethnic
group [3, 4]. Recent publications have reported an increase
in prevalence [5], which may be attributed to factors such
as an increase in maternal age, epidemic obesity, and a
decrease in daily physical activity [6].

GDM is associated with adverse pregnancy outcomes
such as fetal macrosomia and an increased Cesarean sec-
tion rate [7]. In addition, women diagnosed with GDM and
their offspring have an increased lifetime risk of develop-
ing type 2 diabetes mellitus (T2DM) [8]. Recently, we
calculated the 10-year risk of diabetes mellitus (DM)
among Israeli women with previous GDM to be between
10.1 and 51.5%, depending on the level of glucose intol-
erance [9].

Previous studies have demonstrated an association
between states of glucose intolerance [10-12] and of overt
DM [13, 14] and cancer. Positive associations with
malignancies of the pancreas [12—15], colon [12-14], and
liver [12, 13, 16] are well established. Among women,
strong evidence links endometrial cancer [14, 16, 17] with
DM, while associations with breast [12, 17-19] and ovarian
[14, 20] cancer have not been fully established. In our
previous study on patients with DM, we found an increased
cancer risk among women, but not among men [14]. It has
been hypothesized that similar to their risk of future DM,
women with GDM are also susceptible to the associated
increased risk of malignancy [21].

Few studies have investigated the relationship between
GDM and cancer, indicating associations with breast [22]
and pancreatic [23] cancers. However, findings have been
inconsistent [24], possibly due to methodological limita-
tions such as the use of self-reported information on GDM
status and relatively small study populations. The main
goal of the current historical cohort study was to evaluate
the risk of malignancy among women diagnosed with
GDM in a large health maintenance organization (HMO) in
Israel using its automated clinical databases.

Methods
Settings
This historical cohort study was conducted in Maccabi
Healthcare Services (MHS), the second largest HMO in

Israel, insuring 1.9 million members countrywide. In 2008,
MHS covered 24.6% of the total population and 26.1% of
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the 1.56 million Israeli women aged 15-45 years. The
annual number of births in MHS (n = 39,291) comprised
24.1% of all births in Israel [25]. According to the Israeli
National Health Insurance Act, MHS may not bar any
citizen who wishes to join it, and therefore, every section in
the Israeli population is represented in MHS. Nonetheless,
MHS coverage in the non-Jewish populations is substan-
tially lower compared with the Jewish one.

Information on all members’ interactions (i.e., visits to
outpatient clinics, hospitalizations, laboratory tests, and
dispensed medications) is downloaded daily to a central
computerized database. In addition, MHS has developed
and validated computerized registries of patients suffering
from major chronic diseases, including ischemic heart
disease, hypertension, and DM [26].

Study population

As described in our previous publication [9], we collected
data on all pregnant women aged 15-50 years screened for
GDM with a 50-g glucose challenge test (GCT) performed
in MHS between 13 March 1995 and 27 May 2009. The
day of first GCT in the most recent pregnancy was set as
the index date. We excluded patients with indication of
cancer, DM, and infertility treatments prior to index date.

In accordance with American Diabetes Association
guidelines [27], in MHS, all pregnant women are screened
for GDM with a 50-g GCT between 24 and 28 weeks of
gestation. Women with a serum glucose concentration
>140 mg/dL (7.8 mmol/L) 1 h after GCT are referred to a
diagnostic 100-g oral glucose tolerance test (OGTT). GDM
was defined according to the Carpenter and Coustan
modification of the National Diabetes Data Group criteria
conversion method [28], based on the presence of two or
more of the following values in the 100-g OGTT: fasting
serum glucose concentration exceeding 95 mg/dL
(5.3 mmol/L), 1-h serum glucose concentration of 180 mg/
dL (10 mmol/L) or above, 2-h serum glucose concentration
exceeding 155 mg/dL (8.6 mmol/L), and 3-h serum glu-
cose concentration exceeding 140 mg/dL (7.8 mmol/L).
All other study subjects were defined as non-GDM.

Data collection and outcomes

Data on cancer occurrence during the study follow-up
period were obtained from the Israel National Cancer
Register (ICR). Established in 1960, the ICR collects
information on invasive and in situ cancer cases diagnosed
in medical institutions throughout country with a com-
pleteness of above 93.5% for solid tumors and approxi-
mately 90% for non-solid tumors [29]. All cancer cases
were classified according to the third edition of the Inter-
national classification of Diseases (ICD-O) and are based
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on histological reports’ hospital discharge forms, oncology
reports, and death certificates. Approximately 92% of
registered cases have a valid histology or cytology report.
The study population and the ICR were cross-linked by the
members’ individual unique identifying number given to
all newborns or immigrants to Israel, names, sex, and date
of birth. Due to privacy issues, data from the ICR were
unavailable for patients who have left MHS (9.5% of the
study population).

We examined the MHS database records of women in
the study cohort from index date to death, leaving MHS,
date of cancer diagnosis, or 1 June 2009, whichever
occurred earlier. The MHS database was used to collect a
range of clinical and demographic parameters at index date
including age, socioeconomic level, body mass index
(BMI), parity, and number of general practitioner (GP)
visits. BMI was categorized into normal weight (<25 kg/m?),
overweight (25-29 kg/m?), and obese (>30 kg/m?) using
the World Health Organization (WHO) classification [30].
Due to the large proportion of women with missing data on
BMLI, we also included missing BMI as a separate category.
Socioeconomic level was categorized into quartiles
according to the poverty index of the member’s enumera-
tion area as defined by the 1995 national census based on
several parameters including household income, educa-
tional qualifications, crowding, material conditions, and car
ownership [31]. The study was approved by the MHS
institutional review board.

Statistical analyses

All statistical analyses were conducted using a standard
statistical package (SPSS 15.0, SPSS, Chicago, IL). Chi-
squared test for categorical variables and analysis of vari-
ance for continuous variables were performed to determine
significant differences in baseline characteristics between
study groups. Cox proportional hazards regression model
[32] was used to estimate hazard ratios (HR) and 95%
confidence intervals (CI) of overall and site-specific cancer
incidence. The adequacy of the proportional hazards
assumption was tested graphically by the examination of
log minus log plots.

Results

During the follow-up period, a total of 185,315 subjects
underwent GCT testing of which 11,264 were subsequently
diagnosed with GDM. Women with GDM were signifi-
cantly (p < 0.001) more likely to be older (32.7 vs.
30.6 years), overweight, or obese (36.8% vs. 17.1%) and
visit their GP more frequently (Table 1). Through the
follow-up period, 125 (0.07%) subjects died and 17,543

left MHS (9.5% of the total population or 5.7% of the total
person-years of follow-up).

During a total follow-up period of 1.05 million person-
years, 2,034 incident cases of cancer were identified. Follow-
up ranged from O to 14.2 years, with a 5.19-year average and
4.31-year median. During the first 6 months of follow-up,
only eight cancers (three lymphomas, one gastrointestinal,
one uterine, one skin, and two other) were diagnosed among
GDM cases. Breast cancer was the most common diagnosis
comprising 31.3% of all cancers, followed by cancers of the
genitalia (25.3%) and thyroid (10.9%).

The overall cancer risks among GDM and non-GDM
women were 1.93 and 2.13 per 1,000 person-years,
respectively. Table 2 shows the hazard ratios for cancer in
women with GDM compared to non-GDM women.
Women with GDM had an age-adjusted HR of 2.23 (95%
CI: 1.21-4.13) for cancers of digestive organs (p = 0.013).
GDM was not associated with breast cancer (HR 0.85, 95%
CI: 0.62-1.16). Adjusting for socioeconomic level, smok-
ing status, BMI, and parity did not appreciably alter these
observations. Table 3 shows stratification of cancers of the
digestive tract by specific site. Three cases of pancreatic
cancer were identified among women with GDM compared
with 6 cases among non-GDM women affording an age-
adjusted HR of 6.03 (95% CI: 1.48-24.64). This risk
climbed to 7.06 (95% CI: 1.69-29.45) after full adjustment.
Pancreatic cancer was diagnosed an average 11 months
(0.9, SD 0.62) after pregnancy complicated with GDM and
4 years (4.1, SD 2.55) after uncomplicated pregnancies.
Latency analysis was impractical due to the limited number
of cases. Liver cancer occurred in three patients, all of
them in the non-GDM population.

GDM was associated with a fully adjusted HR of 1.70
(95% CI: 0.97-2.99) for hematological cancers (Table 2)
with a borderline significance (p = 0.07). Three of the 14
patients with GDM (21%) who developed hematologic
neoplasms were diagnosed with DM prior to malignancy,
compared to only 2 such cases among 163 patients with
hematologic neoplasms and no prior GDM (0.01%). In
cancer subtype analysis, GDM was associated with a fully
adjusted HR of 1.58 (95% CI: 0.75-3.33) and 2.20 (95%
CI: 0.46-10.81) for non-Hodgkin’s lymphoma (NHL) and
acute myeloid leukemia (AML), respectively. The cumu-
lative risk of hematologic neoplasms among GDM and
non-GDM patients diverged approximately after 5 years of
follow-up (Fig. 1). In a stratified analysis of subjects with a
follow-up time of >5 years, patients with GDM had a HR
of 453 (95% CI: 1.81-11.31) to develop hematologic
malignancies compared to non-GDM women (Table 4),
specifically NHL and Hodgkin’s lymphoma. Among sub-
jects with a shorter follow-up period, no significant dif-
ferences were observed between GDM and non-GDM
women.
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Table 1 Characteristics of study participants and clinical outcomes during the follow-up period

Characteristics at index date Non-GDM (n = 174,051) GDM (n = 11,264)  Total (n = 185,315)  p*
n % of Total n % of Total n % of total
Age M £ SD) 30.59 (£5.18) 32.74  (£5.51) 30.72 (£5.22) <0.001
Socioeconomic status  Lowest quartile 33,048 19.00% 2,188 19.40% 35,236 19.00% <0.001
2nd Quartile 67,471 38.80% 3,989  35.40% 71,460 38.60%
3rd Quartile 29,433 16.90% 2,074 18.40% 31,507 17.00%
Highest quartile 38,711 22.20% 2,633 23.40% 41,344 22.30%
NA 5,388 3.10% 380 3.40% 5,768 3.10%
Smoking Current 17,989 10.30% 1,206  10.70% 19,195 10.40% <0.001
Past 3,338 1.90% 251 2.20% 3,589 1.90%
Never 140,888 80.90% 9,268  82.30% 150,156  81.00%
Unknown 11,836 6.80% 539 4.80% 12,375 6.70%
Body mass index <25 kg/m? 35,325 20.30% 1,648  14.60% 36,973 20.00% <0.001
25-30 kg/m? 17,424 10.00% 1,885  16.70% 19,309 10.40%
>30 kg/m? 12,283 7.10% 2,259  20.10% 14,542 7.80%
Unknown 109,019 62.60% 5472  48.60% 114,491 61.80%
Parity 1 46,458 26.70% 2,962  26.30% 49,420 26.70% <0.001
2 55,208 31.70% 3,054  27.10% 58,262 31.40%
3 41,579 23.90% 2,730  24.20% 44,309 23.90%
4+ 30,806 17.70% 2,518  22.40% 33,324 18.00%
GP visits ly prior index date (M £ SE)  3.02 (£0.01) 3.60 (£0.04) 3.06 (£0.01)
2y prior index date (M £ SE)  3.50 (£0.01) 4.25 (£0.05) 3.55 (£0.01)
ly post-index date (M £ SE)  3.11 (£0.01) 3.83 (£0.05) 3.16 (£0.01)
2y post-index date (M = SE)  3.09 (£0.01) 3.74 (£0.05) 3.13 (£0.01)
Study end points Follow-up (M +£ SD) 5.12y (£3.93y) 6.1y  (£3.74y) 5.66y (£4.00y)  <0.001
Deaths 98 0.06% 25 0.22% 125 0.07% <0.001
Left MHS 16,940 9.70% 603 5.40% 17,543 9.50% <0.001
Incident cancer 1,901 1.10% 133 1.20% 2,034 1.10% 0.382

GCT glucose challenge test, MHS Maccabi healthcare services, DM diabetes mellitus, GP general practitioner

? For comparisons between GDM and non-GDM populations

Discussion

The present historical cohort study indicates that history of
gestational diabetes may be strongly associated with an
increased risk of pancreatic cancer. In addition, we found a
4.5-fold risk of hematologic neoplasms in women with
more than 5 years of follow-up after GDM diagnosis.

The relationship between GDM and pancreatic cancer
has been rarely investigated. The largest investigation to
date was an Israeli cohort, conducted by Perrin and col-
leagues, with 28-40 years of follow-up that documented
five incident cases of pancreatic cancer in women with
GDM history [23]. The investigators calculated an adjusted
RR of 7.1, which is identical to our risk estimate. This
study, similar to the current study, used a population-based
historical cohort design and identified a similarly high and
statically significant relative risk despite a relatively small
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number of pancreatic cancer cases. However, while Perrin
et al. observed 14-35 years between GDM and pancreatic
cancer incidence, we witnessed a much shorter 5-19
month time range. This disparity further fuels the contro-
versy on whether DM is causally associated with pancre-
atic cancer or is a consequence of tumor growth. Hereof, a
large meta-analysis [33] reported a significant 50%
increase in risk of pancreatic cancer associated with DM
diagnosed 5 or more years earlier refuting the reverse
causality bias. Interestingly, in a recent study in a similar
population, we found an elevated risk of pancreatic cancer
in women with a history of DM (HR 1.89), but not in men
[14]. Insulin-like growth factor (IGF)-1 is elevated in
patients with pancreatic cancer [34] and upregulated in
human pancreatic cancer tissues but is unexpressed in
surrounding non-cancerous tissues [35]. Thus, insulin
resistance and the subsequent increased levels of insulin
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Ta.ble 2 Age-ad]us.ted and fully Cases (GDM/ Age adjusted Fully adjusted®

adjusted hazard ratios (HR) and non-GDM)

95% confidence intervals (CI) HR 95% CI HR 95% CI

of postpartum primary

malignancies among 174,051 All cancers 133/1,901 0.88 0.74 1.05 1.04 0.87 1.24

non-GDM ‘g‘g“glf\‘/la“d 11,264 Digestive organs 13/70 223 120 413 227 118 436

t!

womet wi Genital organs 25/489 097 066 142 081 054 122
Breast 44/592 0.85 0.62 1.16 0.87 0.63 1.20
Urinary organs 1/21 0.68 0.89 5.15 0.56 0.07 4.61
Hematological neoplasm 14/163 1.48 0.86 2.57 1.70 0.97 2.99
Skin 13/176 0.96 0.54 1.71 1.05 0.59 1.87
Respiratory system 3/27 1.36 0.40 4.62 1.43 0.40 5.09

a g Head and neck 1/14 0.74 0.09 5.97 0.88 0.11 7.08

Adjusted for age,

socioeconomic level, smoking, Brain and nervous system 2/24 1.43 0.33 6.17 1.59 0.36 7.02

BMI level, gravidity, number of ~ Thyroid gland 8/213 0.59 0.29 1.20 0.68 0.33 1.39

GP visits 2 years prior to index Bone and connective tissue 2/19 1.86 0.43 8.10 1.52 0.33 6.94

date

Table 3 Age-adjusted and fully adjusted hazard ratios (HR) and 95%
confidence intervals (CI) of selected postpartum malignancies of
digestive organs among 174,051 non-GDM and 11,264 women

Cases (GDM/ Age adjusted Fully adjusted®

non-GDM)
HR 95% CI HR 95% CI
Colon 5/33 1.57 061 408 173 0.66 4.54
Rectum  2/18 1.27 029 553 125 028 558
Stomach 3/9 3.06 080 11.77 3.03 0.76 12.08
Pancreas 3/6 6.03 148 2464 7.06 1.69 2945

* Adjusted for age, socioeconomic level, smoking, BMI level, gra-
vidity, number of GP visits 2 years prior to index date

GDM
-1 No
1 Yes

140

120

100

80

60

Cumulative risk

40

20

o 1 2 3 4 5 6 7 8 9 10
Follow-up (years)

Fig. 1 Cumulative risk (per 100,000 person-years) of hematologic
neoplasm according to GDM history

and IGF may promote cell proliferation, inhibit apoptosis,
and enhance angiogenesis, leading to accelerated tumor
development and progression [36].

To the best of our knowledge, this is the first study to
demonstrate an association between GDM and hematologic
malignancies, particularly NHL and AML. The potential
relationship between NHL and diabetes was first suggested
in the mid-1960s [37]. Since GDM in our cohort was
strongly associated with DM [9], investigating the associ-
ation between DM and NHL can be informative. In their
comprehensive meta-analysis on the association between
NHL and DM, Mitri and colleagues [38] summarized ten
case—control reports and five prospective cohorts which
included more than 160,000 diabetic patients and 337
histologically confirmed incident cases of NHL over a
mean follow-up period of 7-24 years. This meta-analysis
indicated that women with DM had a pooled RR of 1.38
(95% CI: 1.06-1.80) to develop NHL. Similar results were
calculated in a second meta-analysis of five studies in
which the pooled RR of NHL in female patients with DM
was 1.60 (95% CI: 1.15-2.22) [39]. The results of both
meta-analyses are well within the 95% confidence interval
limits of the HR calculated in our study for hematologic
malignancies in patients with GDM and corroborate our
findings. Similar to other researchers who found an
increasing risk of NHL with increasing duration of diabetes
[40, 41], our observation was limited to women with at
least 5 years of follow-up. Notwithstanding, several studies
suggested that the risk of NHL is particularly high among
women at the earlier stages of diabetes. For example,
Cerhan et al. reported a significantly elevated risk of NHL
(RR = 3.43) in women who were on oral anti-diabetic
medication, but not among women on insulin [42].

Previous studies of the association between GDM and
breast cancer have produced inconsistent results. Similar to
our study, no association between GDM and breast cancer
was found in a US population-based case—control study of
1,239 women diagnosed with breast cancer and 1,166
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Table 4 Fully-adjusted” hazard ratios (HR) and 95% confidence intervals (CI) of selected postpartum hematologic malignancies among 174,051

non-GDM and 11,264 GDM women, by follow-up period

Less than 5 years

5 years or above

Cases (GDM/non-GDM) HR 95% CI Cases (GDM/non-GDM) HR 95% CI
All hematologic malignancies 7/129 1.03 0.47-2.26 7/34 4.53 1.81-11.31
Non-Hodgkin’s lymphoma 3/43 0.99 0.30-3.28 5/22 2.73 1.01-7.34
Hodgkin’s lymphoma 2/55 0.62 0.15-2.55 2/5 5.63 1.07-29.64
AML 2/9 2.19 0.42-11.44 0/1 - -

* Adjusted for age, socioeconomic level, smoking, BMI level, gravidity, number of GP visits 2 years prior to index date

controls [43]. A Scottish cohort study of 753 pregnant
women who underwent glucose testing at 13 weeks of
pregnancy calculated a positive association between higher
glucose levels and an increased risk of breast cancer
diagnosed up to 20 years later [21]. An elevated risk was
also observed among Israeli women with a history of GDM
diagnosed with breast cancer at age 50 and above [24]. In
contrast, a population-based case—control study of women
first diagnosed before 35 years of age indicated an inverse
association with breast cancer (OR: 0.54, 95% CI:
0.37-0.79) [44]. The conflicting results from previous
investigations demonstrate the important effect of age at
GDM diagnosis on future breast cancer risk. In our anal-
ysis, stratification by age revealed a reduced breast cancer
risk among women aged below 35 years (RR = 0.73; 95%
CI: 0.44-1.21) and an increased risk among women diag-
nosed with GDM at older age (RR = 1.31; 95% CI: 0.84-
2.04), but neither reached statistical significance. One
potential confounder that may explain lower breast cancer
risk in younger women with GDM is irregular cycles,
which were found to associate both with higher risk of
GDM [45] and possibly with a lower risk of breast cancer
[46].

The present study is one of the largest undertaken to
date on GDM and subsequent cancer occurrence with
respect to follow-up period and size of cohort. Other study
strengths include the historical cohort design, the use of
administrative databases to avoid a differential recall bias,
and the systematic and comprehensive collection of per-
sonal data, which reduces the possibility of bias due to
study outcomes. Additionally, unlike most previous studies
where the history of GDM or DM was ascertained by self-
report, GDM status in our study was based on actual OGTT
results during pregnancy.

BMI was missing for 48.6% and 62.6% of the GDM and
non-GDM women, respectively. Among women with
available BMI measurements, there was no significant
association between BMI level and cancer of digestive
organs (p = 0.805) or hematological malignancies
(p = 0.305). Similarly, previous studies have shown that
among women, unlike in men, there is no [47] or little [48]
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association between body mass index and the aforemen-
tioned cancers. Therefore, it is unlikely that missing BMI
measurements significantly biased our results.

Inherent to observational studies, our research is subject
to several biases. A differential detection bias is of par-
ticular concern regarding indolent lymphomas with little or
no clinical symptoms. However, our analysis showed no
elevated risk of breast or cervical cancer, which would
have been more sensitive for such bias. Nearly 9.5% of the
population cohort left MHS during the follow-up period.
The mean follow-up time of these subjects was 3.3 years,
accumulating to 39,218 lost person-years. The expected
number of cases during this period is 88, or 4% of the total
number of cancers in the study. Although lost-to-follow-up
rates were higher among non-GDM women, the relatively
low number of cases is unlikely to introduce a substantial
selection bias.

In conclusion, the findings of the present study indicate
that even after a relatively short follow-up period, women
with a history of GDM are more likely to be diagnosed
with pancreatic cancer and hematologic neoplasms, par-
ticularly NHL. GDM, as an early and transient biomarker
for metabolic dysfunction, offers an opportunity for pri-
mary interventions that may modify the risk of future
malignancy. Although the annual risk of pancreatic cancer
and NHL in women are relatively low (10.2 and 15.7 per
100,000) [49], they are among the leading causes of death
from cancer [50] and thus require further attention and
research, particularly in light of the increasing prevalence
of gestational diabetes [5, 6].
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