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Abstract
Aims To compare gestational diabetes mellitus (GDM) risk among two ethnic minority groups, with high type-2 diabetes 
(T2DM) prevalence, as compared to the Jewish population majority group.
Methods A historical cohort study was conducted using clinical data collected between January 1, 2007, and December 
31, 2011. The study sample included 20–45-year-old women; 2938 Ethiopian, 5849 Arab and 5156 non-Ethiopian Jewish 
women. GDM was defined according to the two-step strategy: step 1: glucose ≥ 140 mg/dl and step 2: using Coustan and 
Carpenter’s diagnostic criteria. GDM risk was tested in a multivariable model, adjusted for age, parity and pre-gestational 
values of the metabolic syndrome components.
Results Mean body mass index (BMI) values and morbid obesity rates were lowest among Ethiopian women and highest 
among Arab women. The prevalence of pre-gestational diabetes was significantly higher among Ethiopian (2.7%) and Arab 
(4.1%) women than among non-Ethiopian Jewish women (1.6%), and GDM screening rates were relatively high (85.5%, 
87.2% and 83%, respectively). The proportion of pregnancies complicated with GDM was higher among Ethiopian women 
(4.3%) but not significantly different between Arab (2.9%) and non-Ethiopian Jewish (2.2%) women. In multivariable analysis, 
GDM was associated with Ethiopian ancestry (OR, 2.55; 95% CI, 1.60–4.08), adjusted for age, BMI, plasma triglyceride 
level and parity. Arab ethnicity was not significantly associated with GDM risk in multivariable analysis.
Conclusions Both Ethiopian and Arab minority ethnicities have a higher risk of T2DM in comparison with other Israeli 
women, but only Ethiopian origin is an independent risk factor for GDM while Arab ethnicity is not.

Keywords Body mass index (BMI) · Diabetes in pregnancy · Ethnicity · Gestational diabetes mellitus · Metabolic 
syndrome
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Introduction

Gestational diabetes mellitus (GDM) defined as glucose 
intolerance first diagnosed during pregnancy is associ-
ated with a higher risk of adverse obstetric and perinatal 

outcomes [1, 2]. Moreover, women with GDM have sev-
enfold greater risk of developing type-2 diabetes (T2DM) 
5–10 years after delivery [3], and offspring of mothers with 
GDM have higher obesity and diabetes mellitus (DM) rates 
later in life [4, 5].
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The prevalence of GDM and T2DM differs among eth-
nic minority groups [6, 7]. In the USA, Asian and Filipino 
women have higher prevalence of GDM and T2DM com-
pared to non-Hispanic White women, while African-Amer-
ican women have higher prevalence of T2DM but not of 
GDM [8, 9].

Arabs are the largest ethnic minority group in Israel, 
accounting for 21% of the population [10]. Arab women 
have high prevalence of obesity and central obesity [11] and 
higher risk of T2DM compared to the Jewish female major-
ity population [12].

Ethiopian Jews have immigrated to Israel since 1984 and 
account for 1.7% of the population [13]. On arrival to Israel, 
the prevalence of DM among Ethiopian Jews was less than 
1% [14] and increased rapidly thereafter. Recent studies 
reported higher prevalence of DM among Ethiopian Jewish 
women at reproductive age and lower prevalence of obesity 
compared to the majority group of non-Ethiopian Jewish 
women in Israel [15, 16].

Data are lacking on the prevalence and risk factors for 
GDM among Arab and Ethiopian Jewish women. These data 
are pertinent for pre-pregnancy prevention and early detec-
tion of GDM and for timely treatment, and are thus the focus 
of the current study.

Methods

A historical cohort study was conducted using clinical data 
collected between January 1, 2007, and December 31, 2011, 
in the electronic medical records of Clalit Health Services 
(CHS) database. The study sample included women who 
were 20–45 years old on January 1, 2008, residents of the 
mostly urban Sharon and Hadera districts in central Israel, 
and insured by CHS. The sample was stratified by ethnicity 
and included women of Ethiopian ancestry, Arab women and 
non-Ethiopian Jewish women. CHS is the largest health plan 
in Israel and insures more than 86% of Ethiopian Jews, 76% 
of Arabs and 46% of non-Ethiopian Jews in the two districts.

Data collected included demographics, laboratory test 
results, chronic medical therapy, hospital admissions and 
chronic diagnoses. We included information on live births 
between January 1, 2008, and December 31, 2011 (the study 
period).

For most women (98%), GDM diagnosis was based 
on a 2-step screening protocol of 50 g oral glucose chal-
lenge test (GCT) and 100 g 3-h oral glucose tolerance test 
(OGTT). GDM was defined by 1-h post-GCT plasma glu-
cose (PG) ≥ 200 mg/dl, or 1-h post-GCT PG ≥ 140 mg/dl 
and < 200 mg/dl and at least two plasma glucose values 
equal or greater than the plasma glucose thresholds set by 
Carpenter and Coustan glucose thresholds in 3-h OGTT: 

fasting—95 mg/dl; 1 h—180 mg/dl; 2 h—155 mg/dl, or 
3 h—140 mg/dl [17].

Pre-gestational diabetes was defined in non-pregnant 
women by physician’s diagnosis of DM, purchases of three 
or more hypoglycemic drug prescriptions, or at least two val-
ues of HbA1c, fasting or post-75 g oral glucose load plasma 
glucose within the DM range [18].

We included all births during the study period to calculate 
the proportion of pregnancies complicated with GDM, while 
only first births complicated with GDM were used for GDM 
risk analysis. Births among women with pre-gestational dia-
betes were excluded from the current analysis.

Statistical analysis

Comparisons of baseline characteristics between non-
Ethiopian Jewish women (the reference group) and women 
of the two ethnic minority groups were carried out, using 
appropriate contrasts in a mixed linear model for continuous 
variables, and the Chi-square test for discrete variables with 
Bonferroni correction for multiple comparisons. The total 
number of pregnancies in the three ethnic groups was com-
pared using Poisson regression. Proportions of pregnancies 
screened for GDM were compared using repeated measured 
logistic regression.

The association between ethnicity and GDM risk was 
tested in multiple logistic regression analysis, adjusted for 
age, parity (number of children ≤ 18 year on 01/01/2008), 
whether it was a single or multiple pregnancy, and pre-ges-
tational levels (for women who gave birth) or first values 
recorded during follow-up (for other women) of the meta-
bolic syndrome components other than plasma glucose (i.e., 
fasting plasma triglycerides and HDL cholesterol, systolic 
blood pressure, and body mass index (BMI). Missing values 
were treated by multiple imputation approach.

The CHS institutional ethics committee approved the 
study protocol. In accordance with the Israeli Ministry 
of Health regulations, informed consent was not required 
because all identifying information had been removed from 
the study dataset.

Results

Characteristics of the study sample

The study sample included 13,943 women, of whom 5156 
were non-Ethiopian Jews, 2938 were Ethiopian Jews and 
5849 were Arabs. The mean age was 30  years and did 
not differ by ethnicity (Table 1). Compared to non-Ethio-
pian women, Arab women had higher (mean ± SD) BMI 
27.0 ± 6.3 versus 24.7 ± 5.7 kg/m2 (p < 0.05); higher preva-
lence of morbid obesity (BMI ≥ 35 kg/m2): 9.9% versus 6.2% 
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(p < 0.05); and higher prevalence of pre-gestational diabetes: 
4.1% versus 1.6% (p < 0.05). Although the Ethiopian women 
compared to non-Ethiopian Jewish women had lower mean 
BMI values, (23.2 ± 4.6 vs. 24.7 ± 5.7 kg/m2) and lower mor-
bid obesity rate [1.1% vs. 6.2% (p < 0.05)], the prevalence of 
pre-gestational diabetes was significantly higher [2.7% vs. 
1.6% (p < 0.05)].

Compared to non-Ethiopian Jewish women, the num-
ber of births per woman during the study period was lower 
among Ethiopian women (0.36 vs. 0.48; (p < 0.001) and 
higher among Arab women (0.53, p = 0.001) (Table 1).

Arab women had the highest performance rate of GDM 
screening (87.2%) of the three ethnic groups, while the 
screening rates did not significantly differ between Ethio-
pian and non-Ethiopian Jewish women (85.5% and 83.0%, 
respectively) (Table 1).

Compared to non-Ethiopian Jewish women, the propor-
tion of pregnancies complicated with GDM was higher 
among Ethiopian women (4.3% vs. 2.2%; p < 0.001) but did 
not differ significantly among Arab women (2.9%; p = 0.12).

Characteristics of pregnant women by ethnicity

In all ethnic groups, women with GDM were older and 
had higher values of BMI, plasma triglycerides and sys-
tolic blood pressure (Table 2). Ethiopian Jewish woman 
with GDM were, on average, 3.5 years older than reference 
women with GDM and had significantly lower mean (± SD) 
BMI 25.0 ± 4 versus 30.6 ± 5 kg/m2, respectively.

GDM risk factors

Adjusted for age, BMI, parity and pre-pregnancy values 
of systolic blood pressure, plasma triglycerides and HDL 
cholesterol, Ethiopian ancestry was associated with higher 
likelihood for GDM [odds ratio (OR) 2.55; 95% confidence 
interval (CI) 1.6–4.1], while Arab ethnicity was not (OR 
1.43; 95% CI 0.95–2.15 p = 0.087). Other factors associ-
ated with greater risk of GDM included older age, higher 
BMI and higher plasma triglycerides levels, while parity was 
associated with lower risk (Table 3). Systolic blood pres-
sure and HDL cholesterol were not significantly associated 

Table 1  Characteristics of the 
study cohort by ethnicity

Values of BMI represent the last measurement before the first pregnancy or first recorded BMI for non-
pregnant women during the study period. Other parameters represent the first measurement in the study 
period
BMI body mass index, HDL-C high-density lipoprotein cholesterol, SBP systolic blood pressure, GDM 
gestational diabetes mellitus
a Among women who delivered during the study period (including women with diabetes)
b Including one-step and two-step screening
*P < 0.05; compared to non-Ethiopian Jewish women—reference majority population

Non-Ethiopian 
Jews (reference)

Ethiopian Jews Arabs

Number 5156 2938 5849
Age, years (mean ± SD) 30.9 ± 6.4 30.5 ± 7.2 30.0 ± 7.0
BMI kg/m2 (mean ± SD) (number) 24.7 ± 5.7 (3406) 23.2 ± 4.6 (1814) 27.0 ± 6.3* (4260)
BMI ≤ 22.5 kg/m2 (number, %) 1468 (43.1%) 916 (50.5%)* 1064 (25.0%)*
BMI ≥ 35 kg/m2 (number, %) 210 (6.2%) 19 (1.1%)* 422 (9.9%)*
HDL-C mg/dl (mean ± SD) (number in the 

category)
54.4 ± 13.3 (4236) 52.5 ± 12.0 (2425) 50.2 ± 11.5 (5077)

Triglycerides, mg/dl (mean ± SD) (number) 101.1 ± 57.9 
(4347)

90.5 ± 53.1 (2483) 101.8 ± 67.9 
(5157)

SBP mmHg (mean ± SD) (in the category) 112.8 ± 12.2 
(4587)

114.0 ± 12.8 (2733) 115.1 ± 11.5 
(5607)

Non-gestational diabetes (number, %) 84 (1.6%) 78 (2.7%)* 241 (4.1%)*
Women with ≥ 1  deliverya (number, %) 1959 (38%) 844 (29%) 2369 (40.5%)
Total number of children ≤ 18 years 1.8 ± 1.5 1.9 ± 1.5* 2.2 ± 1.6*
Number of births per  womana 0.48 0.36* 0.53*
Multiparousa (number, %) 3662/5156 = 71% 2293/2938 = 78%* 4138/5849 = 70.7%
Total screening for GDM (%)b 83.0% 85.5% 87.2%*
One-step screening for GDM 49/2416 = 2.0% 15/1017 = 1.5% 67/2997 = 2.2%
Proportion of pregnancies complicated with 

GDM (number, %)
53/2416 = 2.2% 44/1017 = 4.3%* 86/2997 = 2.9%
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with GDM. There were 82 live twin births. Further adjust-
ment for multiple versus single pregnancy did not materially 
change the point estimates in the multivariable model (data 
not shown).

Discussion

We found that Ethiopian women had a 2.5-fold greater risk 
of GDM compared to non-Ethiopian Jewish women, inde-
pendent of maternal age, body weight, blood pressure and 
dyslipidemia. In fact, Ethiopian women with GDM had 
significantly lower body weight compared to reference and 
Arab women with GDM. The higher risk of GDM among 

Ethiopian women is in line with recent studies showing high 
risk of adult-onset DM among Ethiopian Jews younger than 
50 years of age, particularly women [15, 16, 19].

In our study, Arab ethnicity was not found to be signifi-
cantly associated with a greater risk of GDM, although 
Arab women had higher prevalence of pre-gestational 
diabetes compared to non-Ethiopian Jewish women. Pre-
vious studies have shown that Arab men and women are 
at greater risk of T2DM [12, 20]. Possibly, this study was 
underpowered to show a smaller ethnic difference in GDM 
risk among Arab and non-Ethiopian Jewish women. Other 
studies examining ethnic minorities in the USA found that 
African-American women also have higher prevalence 
of T2DM and similar prevalence of GDM compared to 

Table 2  Characteristics of pregnant women with or without GDM by ethnicity

Values of age, BMI, HDL-C, triglycerides and SBP represent the last measurement before the first pregnancy during the study period
GDM gestational diabetes mellitus, NGT normal glucose tolerance,BMI body mass index, HDL-C high-density lipoprotein cholesterol,SBP sys-
tolic blood pressure
*Comparisons between women with and without GDM, within ethnic group p < 0.05
**Comparisons between Ethiopian Jewish or Arab women with GDM and non-Ethiopian Jewish women—reference majority population with 
GDM, p < 0.001

Non-Ethiopian Jewish women (refer-
ence)

Ethiopian Jewish women Arab women

NGT GDM NGT GDM NGT GDM

Number 1590 50 673 43 1977 83
Age, years (mean ± SD) 30.3 ± 4 31.7 ± 5* 30.9 ± 5 35.1 ± 5*,** 27.9 ± 5 32.1 ± 6*
BMI kg/m2 (mean ± SD) 

(number)
23.8 ± 5 (654) 30.6 ± 5* (19) 22.4 ± 4 (248) 25.0 ± 4*,** (18) 25.2 ± 5 (951) 28.6 ± 5* (38)

HDL-C mg/dL (mean ± SD) 
(number)

57 ± 13 (880) 48 ± 12* (32) 54 ± 12 (384) 54 ± 11 (32) 52 ± 12 (1179) 52 ± 13 (56)

Triglycerides, mg/dL, 
(median (IQR)) (number)

80 (61,115) 
(968)

116* (84,151) (33) 75 (57, 101) 
(405)

99* (72, 143) (34) 79 (58, 117) 
(1249)

113* (76, 152) 
(57)

SBP mmHg (mean ± SD) 
(number)

109 ± 12 (764) 117 ± 10* (22) 109 ± 12 (372) 115 ± 11* (26) 112 ± 11 (1151) 116 ± 12* (51)

Table 3  Factors associated with 
GDM: multivariable analysis

 SBP systolic blood pressure, HDL-C high-density lipoprotein cholesterol, BMI body mass index

Parameter Odds ratio 95% Confidence 
limits

P

Ethnic group
Non-Ethiopian Jewish women (reference category) 1.00 – –
Arab women 1.43 0.95 2.16 0.087
Ethiopian women 2.55 1.60 4.08 < 0.0001
Age (per 10 years increment) 2.92 2.09 4.07 < 0.0001
BMI 1.12 1.06 1.18 0.0007
HDL-C (per 5 mg/dl increment) 0.99 0.91 1.08 0.83
Triglycerides (per 10 mg/dl increment) 1.05 1.02 1.09 0.004
SBP (per 5 mm/Hg increment) 1.06 0.92 1.20 0.39
Parity 0.77 0.66 0.89 0.0006
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non-Hispanic White women [9]. Lawrence et al. [21] sug-
gested that the differences in the effect of ethnicity on 
GDM versus T2DM risk might be due to a higher propor-
tion of ethnic minority women with pre-gestational dia-
betes, leaving a smaller fraction of the population at risk 
of GDM.

Ethnic disparities in GDM risk have been reported in 
other populations. Filipino and Asian women have a sig-
nificantly higher prevalence of GDM and T2DM compared 
to non-Hispanic White Americans, even in normal and low 
BMI categories [9]. The mechanism for the different effect 
of BMI and ethnicity on GDM and T2DM risk is unclear. 
Differences in ethnic-related body composition and fat dis-
tribution have been suggested in the Multicultural Commu-
nity Health Assessment Trial (M-CHAT) [22], Multi-Eth-
nic Study of Atherosclerosis (MESA) [23] and Mediators 
of Atherosclerosis in South Asians Living in America 
(MASALA) studies [24]. Other genetic factors that modu-
late insulin resistance and β cell function may also play a 
role. South Asians have higher values of insulin resistance 
and lower values of β-cell function than other ethnic groups 
(Chinese, African-American, Latino and non-Hispanic 
Whites) even after adjusting for age and adiposity [25].

Similar to other studies, we also found that age, BMI and 
plasma triglyceride levels were significantly associated with 
a higher risk of GDM [26–28]. In contrast to previous stud-
ies [29], we found no association between systolic blood 
pressure and GDM risk. This may be explained by imperfect 
standardization of blood pressure measurements performed 
and recorded in a clinical setting.

We found that parity was associated with lower risk 
of GDM, after controlling for the effect of age and BMI. 
Recently, Sweeting et al. [30] reported that parous women 
without a history of GDM had a lower risk of GDM in sub-
sequent pregnancies. Seventy-two percent of the pregnant 
women in our study were multiparous. It is conceivable that 
women with a history of GDM before the study period were 
more likely to develop T2DM and were therefore excluded 
from this study.

The proportion of pregnancies complicated with GDM 
in our study (2.2% among non-Ethiopian Jewish women) 
was somewhat lower than previously reported in Israel. The 
proportion of pregnancies complicated with GDM reported 
by Sella et al. was 4.3% in a mostly Jewish population of 
women insured by the second largest health plan in Israel 
[28]. The higher GDM rates reported by Sella et al. com-
pared to the current study may be partially explained by 
a higher proportion of women diagnosed with a one-step 
screening test, using 3-h 100 g OGTT (9% vs. 2%), women 
without a positive OGTT who initiated insulin treatment 
after GDM screening (9.8% vs. 0%) and a slightly older 
mean age (31.4 vs. 30.9 years, respectively) [31].

In the current study, GDM diagnosis was based on the 
two-step strategy, using the Carpenter and Coustan diagnos-
tic criteria, which was the most common practice in Israel 
during the study period. These criteria are less sensitive 
compared to those of International Association of Diabe-
tes in Pregnancy Study Groups/World Health Organization 
(IADPSG/WHO) [18]. The HAPO study showed that the 
association between maternal hyperglycemia and adverse 
maternal and fetal outcomes is continuous, without a clear-
cut threshold [32, 33]. Thus, plasma glucose levels that 
are lower than the glucose cutoffs recommended by Car-
penter–Coustan are still associated with significant risk of 
adverse maternal and fetal outcomes. Differences in GDM 
prevalence and in the relative diagnostic importance of fast-
ing, 1-h and 2-h plasma glucose were observed across the 
ethnically diverse centers of the HAPO study [34]. Adopting 
the IADPSG/WHO diagnostic criteria for GDM is expected 
to significantly increase the number pregnancies diagnosed 
with GDM [35].

This study has few limitations: The analysis was based 
on data collected for clinical and administrative purposes. 
However, there is high utilization rate of prenatal care ser-
vices in Israel (i.e., free access to family physicians, obstetric 
care and laboratory testing), and thus, underestimation of 
GDM prevalence is not likely. The statistical analyses were 
based on live births only and did not include stillbirths. Our 
database did not include information on GDM in previous 
pregnancies, family history of DM, socioeconomic status 
and lifestyle habits (diet and physical activity), all of which 
are significant risk factors for GDM.

Nevertheless, this is the first population-based study that 
provides epidemiological data on the proportion of preg-
nancies complicated with GDM and the risk determinants 
for GDM in two ethnic minority groups living in the same 
region: Ethiopian and Arab women, including comparisons 
with the majority non-Ethiopian Jewish population.

Conclusions

We have shown that Ethiopian women are at greater risk 
of GDM despite having lower mean BMI. Special efforts 
should be directed toward prevention and early diagnosis of 
GDM among Ethiopian women to reduce maternal and fetal 
adverse outcomes associated with impaired glucose metabo-
lism in pregnancy. Indeed, it was already suggested in the 
article “diabetes in pregnancy” [36]: the goal is to improve 
pregnancy outcomes in women with gestational diabetes 
through sustainable policies of screening and treatment.

Further research is needed to understand the higher sus-
ceptibility to GDM among Ethiopian women despite lower 
BMI.



268 Acta Diabetologica (2020) 57:263–269

1 3

Acknowledgements The authors gratefully acknowledge the support of 
the Hillel Yaffe Endocrinology unit in-house resources. We thank Giora 
Publoviz, Ariela Eherlich and Ilana Lobel for their advice and help.

Compliance with ethical standards 

Conflict of interest The authors declare that they have no conflict of 
interest.

Ethical approval All procedures performed in this study involving 
human participants were in accordance with the ethical standards of 
the institutional research committee and with the 1964 Helsinki Dec-
laration and its later amendments.

Informed consent For this type of study, involving analysis of deidenti-
fied participant data, formal consent is not required.

Open Access This article is distributed under the terms of the Crea-
tive Commons Attribution 4.0 International License (http://creat iveco 
mmons .org/licen ses/by/4.0/), which permits unrestricted use, distribu-
tion, and reproduction in any medium, provided you give appropriate 
credit to the original author(s) and the source, provide a link to the 
Creative Commons license, and indicate if changes were made.

References

 1. HAPO Study Cooperative Research Group (2008) Hyperglycemia 
and adverse pregnancy outcomes. N Engl J Med 358:1991–2002

 2. McMahon MJ, Ananth CV, Liston RM (1998) Gestational diabetes 
mellitus: risk factors, obstetric complications and infant outcomes. 
Reprod Med 43(4):372–378

 3. Lee AJ, Hiscock RJ, Wein P, Walker SP, Permezel M (2007) Ges-
tational diabetes mellitus: clinical predictors and long-term risk 
of developing type-2 diabetes. Diabetes Care 30:878–883

 4. Dabelea D, Hanson RL, Lindsay RS, Pettitt DJ, Imperatore G, 
Gabir MM et al (2000) Intrauterine exposure to diabetes conveys 
risks for type-2 diabetes and obesity: a study of discordant sib-
ships. Diabetes 49:2208–2211

 5. Clausen TD, Mathiesen ER, Hansen T, Pedersen O, Jensen DM, 
Lauenborg J et al (2008) High prevalence of type-2 diabetes and 
pre-diabetes in adult offspring of women with gestational diabetes 
mellitus or type-1 diabetes: the role of intrauterine hyperglycemia. 
Diabetes Care 31:340–346

 6. Hedderson MM, Darbinian JA, Ferrara A (2010) Disparities in the 
risk of gestational diabetes by race-ethnicity and country of birth. 
Paediatr Perinat Epidemiol 24(5):441–448

 7. Pedula KL, Hillier TA, Schmidt MM, Mullen JA, Charles MA, 
Pettitt DJ (2008) Ethnic differences in gestational oral glucose 
screening in a large US population. Ethn Dis 19(4):414–419

 8. Gupta LS, Wu CC, Young S, Perlman SE (2011) Prevalence of 
diabetes in New York City, 2002–2008: comparing foreign-born 
South Asians and other Asians with U.S.-born whites, blacks, and 
Hispanics. Diabetes Care 34:1791–1793

 9. Hedderson M, Ehrlich S, Sridhar S, Darbinian J, Moore S, Ferrara 
A (2012) Racial/ethnic disparities in the prevalence of gestational 
diabetes mellitus by BMI. Diabetes Care 35:1492–1498

 10. Israeli Central bureau of statistics. 2016. http://www.cbs.gov.il/
hodao t2016 n/11_16_134e.pdf. Accessed on 29 Nov 2017

 11. Kalter-Leibovici O, Atamna A, Lubin F, Alpert G, Gillon KM, 
Murad H et al (2007) Obesity among Arabs and Jews in Israel: 
population-based study. Isr Med Assoc J 9:525–530

 12. Kalter-Leibovici O, Chetrit A, Lubin F, Atamna A, Alpert G, Ziv 
A et al (2012) Adult-onset diabetes among Arabs and Jews in 
Israel: a population-based study. Diabet Med 29:748–754

/Israeli Central bureau of statistics. http://www.cbs.gov.il/www .13 
hodao t2013 n/11_13_300e.pdf. Accessed on 29 Nov 2017

 14. Rubinstein A, Graf E, Villa Y (1993) Prevalence of diabetes mel-
litus in Ethiopian immigrants: comparison of Moses and Solomon 
immigrations. Isr J Med Sci 29:336–344

 15. Jaffe A, Giveon S, Wulffhart L, Oberman B, Freedman L, Ziv 
A et al (2016) Diabetes among Ethiopian Immigrants to Israel: 
exploring the effects of migration and ethnicity on diabetes risk. 
PLoS ONE 11(6):e0157354

 16. Reuven Y, Dreiher J, Shvartzman P (2016) The prevalence of 
diabetes, hypertension and obesity among immigrants from East 
Africa and the former Soviet Union: a retrospective comparative 
30-year cohort study. Cardiovas Diabetol 15:74

 17. Carpenter MW, Coustan DR (1982) Criteria for screening tests 
for gestational diabetes. Am J Obstet Gynecol 144:768–773

 18. American Diabetes Association (2014) Diagnosis and classifica-
tion of diabetes mellitus. Diabetes Care 37(Suppl 1):S81–S90

 19. Kalchiem-Dekel O, Shai I, Biderman A et al (2015) Metabolic 
changes in immigrants from Africa to a Western country: time-lag 
effects of 20 years since immigration. J Diabetes 7(4):531–539

 20. Jaffe A, Giveon S, Wulffhart L, Oberman B, Ziv A, Kalter-Leibo-
vici O (2017) Adult Arabs have higher risk for diabetes mellitus 
than Jews in Israel. PloS ONE 12(5):e0176661

 21. Lawrence JM, Contreras R, Chen W, Sacks DA (2008) Trends in 
the prevalence of preexisting diabetes and gestational diabetes 
mellitus among a racially/ethnically diverse population of preg-
nant women, 1999–2005. Diabetes Care 31(5):899–904

 22. Lear SA, Humphries KH, Kohli S, Chockalingam A, Frohlich JJ, 
Birmingham CL (2007) Visceral adipose tissue accumulation dif-
fers according to ethnic background: results of the Multicultural 
Community Health Assessment Trial (M-CHAT). Am J Clin Nutr 
86:353–359

 23. Shah AD, Vittinghoff E, Kandula NR, Srivastava S, Kanaya AM 
(2015) Correlates of prediabetes and type II diabetes in US South 
Asians: findings from the Mediators of Atherosclerosis in South 
Asians Living in America (MASALA) study. Ann Epidemiol 
25:77–83

 24. Shah AD, Kandula NR, Lin F, Allison MA, Carr J, Herrington D 
et al (2016) Less favorable body composition and adipokines in 
South Asians compared with other US ethnic groups: results from 
the MASALA and MESA studies. Int J Obes 40:639–645. https ://
doi.org/10.1038/ijo.2015.219

 25. Kanaya AM, Herrington D, Vittinghoff E, Ewing SK, Liu K, 
Blaha MJ et al (2014) Understanding the high prevalence of diabe-
tes in U.S. South Asians compared with four racial/ethnic groups: 
the MASALA and MESA studies. Diabetes Care 37(6):1621–1628

 26. Carey VJ, Rich-Edwards J, Hunter DJ, Colditz GA, Stampfer MJ, 
Speizer FE et al (1997) A prospective study of pregravid determi-
nants of gestational diabetes mellitus. JAMA 278(13):1078–1083

 27. Hedderson MM, Darbinian JA, Quesenberry CP, Ferrara A (2011) 
Pregravid cardiometabolic risk profile and risk for gestational dia-
betes mellitus. Am J Obstet Gynecol 205(1):55.e1–55.e7

 28. Hedderson MM, Williams MA, Holt VL, Weiss NS, Ferrara A 
(2008) Body mass index and weight gain prior to pregnancy 
and risk of gestational diabetes mellitus. Am J Obstet Gynecol 
198:404–409

 29. Hedderson MM, Ferrara A (2008) High blood pressure before 
and during early pregnancy is associated with an increased risk 
of gestational diabetes mellitus. Diabetes Care 31(12):2362–2367

 30. Sweeting AN, Appelblom H, Ross GP, Wong J, Kouru H, Wil-
liams PF et al (2017) First trimester prediction of gestational dia-
betes mellitus: a clinical model based on maternal demographic 
parameters. Diabetes Res Clin Pract 127:44–50

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://www.cbs.gov.il/hodaot2016n/11_16_134e.pdf
http://www.cbs.gov.il/hodaot2016n/11_16_134e.pdf
http://www.cbs.gov.il/www/hodaot2013n/11_13_300e.pdf
http://www.cbs.gov.il/www/hodaot2013n/11_13_300e.pdf
https://doi.org/10.1038/ijo.2015.219
https://doi.org/10.1038/ijo.2015.219


269Acta Diabetologica (2020) 57:263–269 

1 3

 31. Sella T, Shalev V, Elchalal U, Chovel-Sella A, Chodick G (2013) 
Screening for gestational diabetes in the 21st century: a popula-
tion-based cohort study in Israel. J Matern Fetal Neonatal Med 
26(4):412–416

 32. Metzger BE, Lowe LP, Dyer AR, HAPO Study Cooperative 
Research Group et al (2008) Hyperglycemia and adverse preg-
nancy outcomes. N Engl J Med 358:1991–2002

 33. Lowe WL Jr, Scholtens DM, Kuang A, Linder B, Lawrence JM, 
Lebenthal Y et al (2019) Hyperglycemia and Adverse Pregnancy 
Outcome Follow-up Study (HAPO FUS): maternal gestational 
diabetes mellitus and childhood glucose metabolism. Diabetes 
Care 42(3):372–380

 34. Sacks DA, Hadden DR, Maresh M, Deerochanawong C, Dyer 
AR, Metzger BE et al (2012) Frequency of gestational diabetes 
mellitus at collaborating centers based on IADPSG consensus 

panel-recommended criteria: the hyperglycemia and adverse preg-
nancy outcome (HAPO) study. Diabetes Care 35:526–528

 35. Kalter-Leibovici O, Freedman LS, Olmer L, Liebermann N, Hey-
mann A, Tal O et al (2012) Screening and diagnosis of gestational 
diabetes mellitus: critical appraisal of the new International Asso-
ciation of Diabetes in Pregnancy Study Group recommendations 
on a national level. Diabetes Care 35:1894–1896

 36. Scavini M, Secchi A (2019) Diabetes in pregnancy. Acta Diabetol 
56:719

Publisher’s Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.


	Gestational diabetes risk in a multi-ethnic population
	Abstract
	Aims 
	Methods 
	Results 
	Conclusions 

	Introduction
	Methods
	Statistical analysis

	Results
	Characteristics of the study sample
	Characteristics of pregnant women by ethnicity
	GDM risk factors

	Discussion
	Conclusions
	Acknowledgements 
	References




