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Women with gestational diabetes mellitus (GDM) have an increased lifetime risk of
developing type 2 diabetes mellitus (T2DM). GDM has a substantial impact on maternal
and foetal short and long-term health. Risk factors for GDM may be genetic or
nongenetic and have been analysed in numerous studies. Researches in recent years
allowed the identification of other risk factors for GDM except for those already known.
Knowledge and identification of all risk factors for GDM allows the elaboration of a

prevention strategy of T2DM,

it may influence the screening, diagnosis, and,

subsequently, treatment modalities for this disease.
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Introduction

Diabetes mellitus diagnosed for the first time
during pregnancy was defined as gestational
diabetes mellitus (GDM). It has been recognised
as a distinct form of diabetes from the World
Health Organisation (WHO) classification in
1999 [1], but came back to actuality after the
conclusion of some recent studies which clearly
established the risk for the occurrence of
perinatal events associated to maternal
glycaemia in pregnancy: the Hyperglycaemia
and Adverse Pregnancy Outcomes Study
(HAPO) [2] and the Australian Carbohydrate
Intolerance study in pregnant women [3]. In
2009, the International Association of Diabetes
and Pregnancy Study Groups (IADPSG), taking
into consideration the results of the HAPO study,
established new diagnostic criteria for GDM.
The diagnosis of GDM is made when any of the

following plasma glucose value are met or
exceeded: fasting plasma glucose (>92mg/dl), 1
hour plasma glucose (>180mg/dl) and 2 hours
plasma glucose (>153mg/dl) during an oral-
glucose-tolerance-test (OGTT) with  75g
glucose. It was decided that only one modified
value is enough for GDM diagnosis.

According to the WHO report in 2013,
hyperglycaemia first detected at any time in
pregnancy is classified into: diabetes mellitus in
pregnancy (not diagnosed previously) and GDM
[4].

Diabetes in pregnancy will be diagnosed
according to the 2006 WHO criteria valid for the
general population, i.e. if one or more of the
following conditions are met: fasting plasma
glucose > 126mg/dl, 2-hour plasma glucose after
75g oral glucose load > 200mg/dl, or any
(random) plasma glucose > 200mg/dl in the
presence of diabetes symptoms.
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Gestational diabetes should be diagnosed
any time in pregnancy if at least one of the
following criteria during a 75 g glucose load is
met: fasting plasma glucose 92-125mg/dl, 1-hour
plasma glucose >180mg/dl, and 2-hour plasma
glucose 153-199mg/dl.

The new WHO specifications clarify
ambiguities of the IADPSG criteria regarding the
intervals of plasma glucose values which may
make the distinction between diabetes in
pregnancy and GDM. Systematic testing for
GDM is usually carried out between the weeks
24 and 28 of pregnancy. Although often
hyperglycaemia is less severe in GDM than in
overt diabetes, there are studies which showed
an increased risk of macrosomia, perinatal
events (preterm birth, pre-eclampsia, birth
trauma, neonatal hypoglycaemia,
hyperbilirubinemia, caesarean section) [2,3], and
on the long term risk of T2DM occurrence for
mother. In addition, GDM is associated with an
increased risk for the child to develop obesity,
metabolic syndrome and even T2DM.

Risk factors for GDM

Knowing the risk factors for GDM is
extremely important both for clinicians and for
women of fertile age. Identifications of persons
with risk for GDM may influence the modality
of screening, diagnosis and, subsequently, of
treatment. Risk factors for GDM may be genetic
or nongenetic and may exist previous to the
pregnancy or may occur during the pregnancy.
The most important risk factors recognised for
GDM are the advanced age of the mother,
maternal weight, GDM existent in a previous
pregnancy, history of macrosomia, family
background of diabetes mellitus in first degree
relatives, membership to certain ethnic groups
with increased prevalence of diabetes [5].
Throughout different studies, other potential risk
factors have been identified.
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Older maternal age is recognised as the best
documented risk factor. Numerous studies
asserted that advanced age of mother is a risk
factor for DGM with ,,cutoff” interval of the age
between 30-35 years old [6-9]. A certain age
limit for this risk factor was not precisely set,
most of the studies indicating the increase of risk
along with the age. Bo et al. [8] showed an
increase in GDM risk from 0.15% for women
under 20 years old, up to 4.2% for women over

30 years old (Odds Ratios (OR) of 2.8; 95%
confidence interval-Cl: 1.9-4.3). Following the
retrospective analysis of the largest cohort of
pregnant women (38.5000), Jolly et al. reported
an average age of women with GDM of 33.0+4.8
years old versus 31.8+4.4 years old in the group
without GDM [9]. In a recent study, Hedderson
et al. reported an average age of women with
GDM of 35.445.1 years, 84.2% of GDM women
having the age over 30 years old [10].

Maternal weight. At global level, obesity
became a real problem of public health due to its
increased prevalence and numerous associated
comorbidities. Many studies reported the
relationship between maternal weight and the
risk for various antepartum complications, at
birth- and postpartum. One of these
complications is GDM. Maternal weight was
analysed whether singularly (kg) or as body
mass index (BMI-was computed as a ratio of
weight to the square of height-kg/m2) in different
moments, such as weight prior to pregnancy,
excessive increase of weight during pregnancy,
but also postpartum. Jang et al. [6] emphasised a
statistically significant difference (p<0.001)
between average weight prior to pregnancy
which complicated with GDM (56.4+£9.2 kg)
versus 51.6+6.4 kg in the group without GDM.
Most studies analyzed the correlation between
BMI prior to pregnancy and subsequent
occurrence of GDM [11-13]. One of the most
recent studies [14] showed the increase of GDM
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prevalence by categories of BMI: 0.7% in
underweight women (13-18.4 kg/m2), 2.3% in
women with normal weight (18.5-24.9 kg/m2),
4.8% in overweight women (25-29.9 kg/m?),
5.5% in women with 1% degree obesity (30-34.9
kg/m?) and 11.5% in women with morbid
obesity. Authors also calculated the percentage
of overweight and obese females with GDM and
identified 46.2% (95%CI: 36.1-56.3) cases. In
this original study it was asserted that, if all
overweight and obese women would have the
risk reduced to that of women with normal
weight, almost half of the cases of GDM could
be prevented. Thus, reducing the risk of GDM in
the category of overweight and obese women
would reduce the global prevalence of GDM.
The most important studies in the field of
GDM were included in two meta-analyses. The
meta-analysis published in 2007 by Chu et al.
[15] assessed over 50,0000 women from 20
studies, analyzing the relationship between
maternal obesity and GDM. The study found a
risk for GDM 4 times higher in women with
morbid obesity (OR 8.56, 95%CI 5.07-16.04) as
compared to overweight women (OR 2.14,
95%CI 1.82-2.53). Another meta-analysis,
comprised 70 studies and was published by
Torloni et al. in 2009 [16]. The lowest risk of
GDM (0.75) was reported in  underweight
women (95%CI 0.69-0.82), 1.94 in overweight
women (95%Cl 1.77-2.19), 3.01 in case of
moderate obesity (95%CI 2.34-3.87) and 5.55
for morbid obesity (95%CI 4.27-7.21) as
compared to women with normal weight. For
each 1kg/m?2 increase of BMI was calculated an
increase of GDM prevalence with 0.92%.
Another risk factor for GDM is the
excessive weight gain during pregnancy. The
optimal weight increase in pregnancy was
established based on other studies, and is
different depending on BMI prior to pregnancy.
The American College of Obstetricians and
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Gynecologists (ACOQG) updated its
recommendations in 2013 [17]. There are studies
which proved that excessive weight gain is a
significant risk factor for GDM in all categories
of BMI, but the association is more stringent in
obese persons [18,19]. Hedderson et al. [19]
assessed the relationship between weight
increase in pregnancy and the risk to develop
GDM in a group of 345 women with GDM
versus 800 women without GDM. They
established that the risk increases proportionally
to the weight increase rate. As compared to the
lowest tertile of gestational weight increase
(<270g/week), an increase of 270-400g/week
and >400g/week were associated to an OR of
1.43 (95%CI 0.96-2.14), respectively 1.74
(95%CI 1.16-2.60) for the association of GDM.
Taking into account the prior results, we may
assert that both excessive weight gain during
pregnancy and increased maternal weight prior
to pregnancy are ,,modifiable” risk factors on
which we may actively intervene in order to
prevent the occurrence of GDM.

Complications occurring during a prior
pregnancy such as: macrosomia, congenital
malformations, preterm birth, caesarean section,
but also multiparity were frequently associated
with the occurrence of GDM in subsequent
pregnancies.

Macrosomia is generally known as an event
secondary to maternal hyperglycaemia, but it is
also considered one of the risk factors for GDM
in a future pregnancy. The predictive value of
macrosomia as a risk factor was sustained by the
results reported by Jimenez-Moleon et al. [20]
who found an OR of 5.8 for GDM in women
who previously gave birth to a baby with
macrosomia. Jang et al. [6] found macrosomia in
the antecedents of studied women with GDM in
9.3% as compared to 2.5% in women without
GDM. They also reported an increased
frequency of prior congenital malformations in
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women with GDM (20.7%) as compared to those
without GDM (OR 5.5; 95%CIl 4.1-21.1). In the
same cohort they reported that prior preterm
birth is associated to an increased risk for
subsequent GDM (OR of 8.5; 95%CI 2.35-
30.78).

Caesarean section in a prior pregnancy was
also reported as an independent risk factor for
GDM in a recent study [7]. Thus, Caesarean
section was found in antecedents in 14.8% of
women with GDM and in 10.1% in the control
group (OR 1.55, 95%CI 1.11-1.25). Multiparity
was incriminated as an independent risk factor
for GDM and was supported by certain studies,
but there are also studies which do not support
this correlation [21,22]. Over the last years,
studies focused also on the analysis of twin
pregnancies, as it was assumed that a large
placental mass represents an important risk
factor in GDM pathogenesis. Thus, the
prevalence of GDM was found to be
significantly higher in women with twin
pregnancy than in singletons, but extended
studies to support these assumptions are
necessary [23,24].

The excess of amniotic fluid in current
pregnancy, the foetus large for gestational age
before week 24 of pregnancy, imminent abortion
or preterm birth are also more frequently
associated with GDM. From the multitude of
obstetrical risk factors reported above, the best
documented are classified as major risk factors.
The International Diabetes Federation (IDF)
2009 Guide and the current recommendations of
ACOG maintain macrosomia as a major risk
factor for GDM [5,17].

Membership to certain minority groups.
Increased prevalence of GDM in certain ethnic
groups was well documented by numerous
studies that established an increased risk for the
,,non-white” race [25]. For still unclear reasons,
nonwhite women who include Afro-Americans,
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Indian-Americans, Hispanics and persons
coming from the area of Middle East and south
of Asia (especially India, Pakistan or
Bangladesh) are more prone to the occurrence of
GDM. An extended analysis which comprised
45 published articles (with 13 studies considered
eligible) reported that the most decreased
recurrence rate of GDM (30-37%) was found in
non-Hispanic white population, and the most
increased rate (52-69%) was found in ethnic
minorities [26].

The presence of the polycystic ovary
syndrome (PCOS) was also incriminated as an
independent risk factor for GDM. This is
explained by the association with an increased
degree of insulin-resistance during pregnancy.
[27]. Some professional associations, such as the
Canadian Diabetes Association, maintain PCOS
in the category of major risk factors for GDM
[28]. PCOS is a common reproductive disorder
of women and a high proportion of women with
PCOS have an increased risk for metabolic
disorders such impaired fasting glucose (IFG),
T2DM and obesity. Pregnancy and its associated
high progesterone levels may generate enhanced
insulin resistance and secondary GDM.

Family history revealing a first-degree
relative with T2DM or GDM. GDM has a
recognised familial aggregation. The causes of
aggregation in 1% degree relatives with a history
of GDM or other form of diabetes are
determined by genetic factors of susceptibility,
epigenetic influences and shared environmental
factors [29,30]. In the last years, Genome Wide
Association studies (GWAs) led to a real
explosion of knowledge about the genetic risk
variants for all major forms of diabetes. The
results are important at the same time also for
the appreciation of the genetic risk of occurrence
of GDM but also of subsequent evolution
towards overt T2DM. Some researchers consider
that GDM has the same genetic background as
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T2DM, but occurs earlier in life, being favoured
by the physiological increase of insulin-
resistance in the last part of the pregnancy [31].
This theory is supported by the relationship
between GDM, maternal obesity and insulin-
resistance, associated to the increased risk of
diabetes mellitus in women with prior GDM.
Although most of women with GDM associate
increased risk of developing T2DM, there were
described cases of women with GDM who
associated a genetic predisposition  for
autoimmune diseases and a certain structure of
human leukocyte antigen (HLA) which is rather
correlated with type 1 diabetes mellitus (T1DM)
than to T2DM [32,33]. A rare, particular form of
diabetes is maturity-onset diabetes of the young
(MODY), which affects 1-2% of the persons
with diabetes. Because of its insidious onset, not
specific as compared to other types of diabetes,
if it is present in pregnancy, it may be easily
confounded and diagnosed as GDM, and
postpartum as T2DM. If the genetic background
of TIDM and T2DM involves numerous genes
with a complex inheritance, in MODY the
transmission is monogenic [34].

»opecific” genetic risk for GDM. Studies
which analyzed candidate genes in Caucasian
and Asian populations found a correlation
between GDM and 14 of the genetic variants
found as associated to T2DM in GWAs.
(CDKALI, CDKN2A/CDKN2B, FTO, GCK,
HHEX/IDE, HNF1A, HNF1B, IGF2BP2, IRSI,
KCNQI, MTNRIB, SLC30A8 and TCF7L2)
[35]. A recent meta-analysis of 22 studies on
genetics of GDM which included 10,336 women
with GDM and 17,445 control subjects, found 8
variants significantly associated with GDM

(TCF7L2/rs7903146, CDKAL1/rs775484,
MTNR1B/rs10830963, IGF2BP2/rs4402960,
KCNQ1/rs2237892, KCNQ1/rs2237895,

KCNJ11/rs5219 and GCK/rs4607517) [36].
These studies reconfirm the relation between

GDM and T2DM, although there were additional
genetic variants which were not found as
associated to T2DM in GWAs. The risk for
GDM has undoubtedly a genetic component
which is shared with other forms of diabetes, and
the possibility to identify some specific factors
for GDM remains unclear. The assessment of
genetic risk for GDM and postpartum diabetes is
important both to individualise the treatment of
women with GDM, and to reduce perinatal
outcomes and the risk of transmission between
generations.

Other GDM risk factors. Researches carried
out over the last years allowed the identification
of other risk factors for GDM including the
deficit of vitamin D [37,38], diet rich in
saturated fats [40,41], lifestyle factors such as
physical activity and smoking [39]. Short stature
was also reported as an independent risk factor
for GDM in several studies [6,40]. A recent
case-control study aimed to determine if there is
a correlation between sex hormone-binding
globulin (SHBG) level measured before the
pregnancy and the risk of GDM occurrence. The
study assessed 256 women with GDM versus
controls and compared the risk for GDM
between the highest SHBG level quartile and the
other quartiles (OR 1.06; 95%CI 0.44-2.52,
respectively OR 2.33; 95%Cl 1.07-5.09)
indicating a statistically significant difference. A
level of SHBG below the average (<64.5
nmol/L) was correlated to a five times higher
risk (OR 5.34; 95% CI 3.00-9.49) as compared
to women with a level over the average. In
conclusion, it was appreciated that the decreased
level of SHBG was associated to a GDM risk.
By its routine antepartum measurement women
at risk may be identified allowing applying
prevention measures [10].

Conclusion

In order to determine the practical use of
different risk factors, extended studies are still
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necessary. While the WHO 2013 report
considered that there are not enough arguments
for universal screening of GDM, this being
limited to women with risk factors, the American
Diabetes Association (ADA) recommended even
from 2011 [41] the universal screening for
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GDM with a 759-OGTT at 24-28 weeks of
gestation in all women not known to have prior
diabetes. The implication of  these
recommendations should be considered in the
context of each health system.

1. World Health Organisation.1999.Definition,
diagnosis and classification of diabetes mellitus and its
complications. WHO/NCD/NCS/99.2 ed.Geneva: World
Health Organisation

2. HAPO Study Cooperative Research Group,
Metzger BE, Lowe LP et al. HAPO Study Cooperative
Research Group. Hyperglycemia and adverse pregnancy
outcomes. N Engl J Med 358: 19912002, 2008.

3.  Cheung NW, Oats JJ, Mcintyre HD. Australian
carbohydrate intolerance study in pregnant women:
implications for the management of gestational diabetes.
Aust N Z J Obstet Gynaecol, 45: 484-485, 2005.

4. World Health Organisation. Diagnostic criteria
and classification of hyperglycaemia first detected in
pregnancy 2013. Accessed on 1 nov 2014 at:
http://apps.who.int/iris/bitstream/10665/85975/1/WHO_N
MH_MND_13.2_eng.pdf

5. IDF Clinical Guidelines Task Force. Global
Guideline on Pregnancy and Diabetes.
Brusseles:International ~ Diabetes  Federation ~ 2009.
Accessed on 10.12.2014 at www.idf.org

6. Jang HC, Cho NH, Jung KB, Oh KS, Dooley
SL, Metzger BE. Screening for gestational diabetes
mellitus in Korea. Int J Gynaecol Obstet 51: 115-122,
1995.

7. Xiong X, Saunders LD, Wang FL, Demianczuk
NN. Gestational diabetes mellitus: prevalence, risk factors,
maternal and infant outcomes. Int J Gynaecol Obstet 75:
221-228, 2001.

8. B0 S, Menato G, Lezo A et al. Dietary fat and
gestational hyperglycaemia. Diabetologia 44: 972-978,
2001.

9. Jolly M, Sebire N, Harris J, Robinson S, Regan
L. The risk associated with pregnancy in women aged 35
years or older. Hum Reprod 15: 2433-2437, 2000.

10. Hedderson M, Xu F, Darbinian JA et al.
Prepregnancy SHBG concentrations and risk for

206

subsequently developing gestational diabetes mellitus.
Diabetes Care 37: 1296-1303, 2014.

11. Seibre NJ, Jolly M, Harris JP et al. Maternal
obesity and pregnancy outcome: a study of 287213
pregnancies in London. Int J Obes Relat Metab Disord 25:
1175-1182, 2001.

12. Weiss JL, Malone FD, Emig D et al. Obesity,
obstetric complications and cesarean delivery rate- a
population-based screening study. Am J Obstet Gynecol
190: 1091-1097, 2004.

13. Schrauwers C, Dekker G. Maternal and
perinatal outcome in obese pregnant patients. J
Matern Fetal Neonatal Med 22: 218-226, 2009.

14. Kim SY, England L, Wilson HG, Bish C,
Satten GA, Dietz P. Percentage of gestational diabetes
mellitus attributable to overweight and obesity. Am J
Public Health, 100: 1047-1052, 2010.

15. Chu SY, Callaghan WM, Kim SY et al.
Maternal obesity and risk of gestational diabetes mellitus.
Diabetes Care 30: 2070-2076, 2007.

16. Torloni MR, Betran AP, Horta BL et al.
Prepregnancy BMI and the risk of gestational diabetes: a
systematic review of the literature with metaanalysis. Obes
Rev 10: 194-203, 2009.

17. American College of Obstetricians and
Gynecologists. ACOG Committee opinion no. 548:
weight gain during pregnancy. Obstet Gynecol 121: 210-
212, 2013.

18. Gibson KS, Waters TP, Catalano PM. Maternal
weight gain in women who develop gestational diabetes
mellitus. Obstet Gynecol 119: 560-565, 2012.

19. Hedderson MM, Gunderson EP, Ferrara A.
Gestational weight gain and risk of gestational diabetes
mellitus. Obstet Gynecol 115: 597-604, 2010.

20. Jimenez-Moleon JJ, Bueno-Cavanillas A,
Luna-del-Castillo JD, Lardelli-Claret P, Garcia-Martin

Romanian Journal of Diabetes Nutrition & Metabolic Diseases / VVol. 22 / no. 2 / 2015



http://www.idf.org/

M, Galvez-Vargas R. Predictive value of a screen for
gestational diabetes mellitus: influence of associated risk
factors. Acta Obstet Gynecol Scand 79: 991-998, 2000.

21. Fitzsimmons BP, Bebbington MW, Fluker MR.
Perinatal and neonatal outcomes in multiple gestations:
assisted reproduction versus spontaneous conception. Am J
Obstet Gynecol 179: 1162-1167, 1998.

22. Egeland GM, Irgens LM. Is a multiple birth
pregnancy a risk factor for gestational diabetes? Am J
Obstet Gynecol 185: 1275-1276, 2001.

23. Schwartz DB, Daoud Y, Zazula P et al.
Gestational diabetes mellitus: metabolic and blood glucose
parameters in singleton versus twin pregnancies. Am J
Obstet Gynecol 181: 912-914, 1999.

24. Corrado F, Caputo F, Facciola G, Mancuso A.
Gestational glucose intolerance in multiple pregnancy.
Diabetes Care 26: 1646, 2003.

25. Mayo Clinic. Diseases and Conditions:
Gestational Risk Factors- By Mayo Clinic Staff. Accessed
on 10.02.2015 at http://www.mayoclinic.org/diseases-
conditions/gestational-diabetes/basics/risk-factors/con-
20014854.

26. Kim C, Berger DK, Chamany S. Recurrence of
gestational diabetes mellitus: a systematic review.
Diabetes Care 30: 1314-1319, 2007.

27. Ashrafi M, Sheikhan F, Arabipoor A, Hosseini
R, Nourbakhsh F, Zolfaghari Z. Gestational diabetes
mellitus risk factors in women with polycystic ovary
syndrome (PCOS). Eur J Obstet Gynecol Reprod Biol 181:
195-199, 2014.

28. Canadian Diabetes Association. Living with
Gestational Diabetes-Risk factors for gestational diabetes.
Accessed on 10.02.2015 at
http://www.diabetes.ca/diabetes-and-you/living-with-
gestational-diabetes.

29. Innes KE, Byers TE, Marshall JA, Baron A,
Orleans M, Hamman RF. Association of a woman's own
birth weight with subsequent risk for gestational diabetes.
JAMA 287: 2534-2541, 2002.

30. Dunger DB, Petry CJ, Ong KK. Genetics of size
at birth. Diabetes Care 30(Suppl 2): S150-S155, 2007.

31. Robitaille J, Grant AM. The genetics of
gestational diabetes mellitus: evidence for relationship
with type2 diabetes mellitus. Genet Med 10: 240-250,
2008.

32. Lapolla A, Dalfra MG, Fedele A. Diabetes
related autoimmunity in gestational diabetes mellitus: is it
important? Nutr Metab Cardiovasc Dis 19: 674-682, 2009.

33. Petry CJ. Genetic risk factors for gestational
diabetes. In Petry CJ (ed) Gestational Diabetes - Origins,
Complication and Treatment. CRC Press, Taylor &
Francis Group, pp. 69-81, 2014.

34. Fajans SS, Bell Gl. Diagnosis and management
of maturity-onset diabetes of the young (MODY).
Diabetes Care 34: 1878-1884, 2011.

35. Lauenborg J, Grarup N, Damm P et al.
Common type 2 diabetes risk gene variants associate with
gestational diabetes. J Clin Endocrinol Metab 94: 145-
150, 20009.

36. Mao H, Li Q, Gao S. Meta-analysis of the
relationship between common type 2 diabetes risk gene
variants with gestational diabetes. PloS One 7:e45882,
2012.

37. Yap C, Cheung NW, Gunton JE et al. Vitamin
D supplementation and the effects on glucose metabolism
during pregnancy: a randomized controlled trial. Diabetes
Care 37: 1837-1844, 2014.

38. Parlea L, Bromberg IL, Feig DS, Vieth R,
Merman E, Lipscombe LL. Association between serum
25-hydroxyvitamin D in early pregnancy and risk of
gestational diabetes mellitus. Diabet Med 29: e25-e32,
2012.

39. Zhang C, Solomon CG, Manson JE, Hu FB. A
prospective study of pregravid physical activity and
sedentary behaviors in relation to the risk for gestational
diabetes mellitus. Arch Intern Med 166: 543-548, 2006.

40. Ogonowski J, Miazgowski T. Are short women
at risk for gestational diabetes mellitus? Eur J Endocrinol
162: 491-497, 2010.

41. American Diabetes Association. Standards of
Medical Care in Diabetes - 2015. Diabetes Care
38(Suppll): S8-S16, 2015.

Romanian Journal of Diabetes Nutrition & Metabolic Diseases / VVol. 22 / no. 2 / 2015 207




