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Risk factors for gestational diabetes: is prevention possible?
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Abstract Gestational diabetes mellitus (GDM), a common
pregnancy complication, continues to be a significant public
health and clinical problem. It carries significant short-term
and long-term adverse health outcomes for both mother and
offspring, which reinforces the significance of understanding
risk factors, in particular modifiable factors, for GDM and of
preventing the condition. Research in the past decade from
observational studies has identified a few diet and lifestyle
factors that are associated with GDM risk and demonstrated
that time frames both before and during pregnancy may be
relevant to the development of GDM. Findings from interven-
tion studies on the effect of diet and lifestyle on the prevention
of GDM have been largely controversial and inconsistent.
Variations in study population, types of intervention, timing
and duration of intervention and diagnostic criteria for GDM
may all at least partly account for the large heterogeneity in the
findings from these intervention studies. This review provides
an overview of emerging diet, lifestyle, and other factors that
may help to prevent GDM, and the challenges associated
with prevention. It also discusses major methodological
concerns about the available epidemiological studies on
GDM risk factors. Findings from both observational and

intervention studies are discussed. This review summarises a
presentation given at the ‘Gestational diabetes: what’s up?’
symposium at the 2015 annual meeting of the EASD. It is
accompanied by two other reviews on topics from this
symposium (by Peter Damm and Colleagues, DOI: 10.1007/
s00125-016-3985-5, and by Marja Vääräsmäki, DOI: 10.
1007/s00125-016-3976-6) and an overview by the Session
Chair, Kerstin Berntorp (DOI: 10.1007/s00125-016-3975-7).
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NHS Nurses’ Health Study

Gestational diabetes mellitus (GDM), defined as glucose in-
tolerance with onset or first recognition in pregnancy, is a
common complication of pregnancy [1]. Its prevalence varies
worldwide, according to the characteristics of the underlying
population and the diagnostic criteria being applied. A recent
review of data published over the past decade indicated that
the highest prevalence was reported in Middle East and North
Africa, with a median estimate of 13%, whereas the lowest
was in Europe, with a median prevalence of 5.8% [2].

GDM is a growing health concern. It has been related to
short- and long-term adverse health outcomes for both women
and their children. For women, GDM is associated with an
increased risk of preeclampsia during pregnancy, and consid-
erably elevated risks of type 2 diabetes and comorbidities such
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as cardiovascular diseases after pregnancy [1]. The
hyperglycaemic intrauterine environment in GDM pregnancy
can affect multiple aspects of the health of the offspring
throughout the course of its life. For example, at birth,
offspring are more likely to be large, macrosomic and suffer
from birth injury [1]. After birth, they are likely to develop
childhood obesity, impaired glucose tolerance and vascular
disorders. Emerging, yet suggestive data indicate that these
children may be at high risk for autism [3] and a relatively
lower IQ [4]. Data in this regard are still limited and findings
are inconclusive. Yet, collectively, they highlight the signifi-
cance of understanding risk factors, in particular modifiable
factors, to prevent incident GDM and improve the intrauterine
environment, which in turn may lower risk of GDM-related
adverse health outcomes in both women and their children.

Well-documented risk factors for GDM include advanced
maternal age, family history of diabetes, previous GDM,
having a macrosomic baby, non-Caucasian race/ethnicity, being
overweight or obese and cigarette smoking [5, 6]. We recently
observed that not only does women’s own cigarette smoking
status matter, but so does their parents’. Parental smoking
history was related to an increased risk of GDM among their
daughters [7]. Genetic factors were also implicated in the
aetiology ofGDM; a number of candidate geneswere identified.
However, genome-wide association studies (GWAS) on genetic
factors for GDM are very limited [8]. We are aware of only one
published GWAS of GDM to date. This was conducted among
Korean women and demonstrated a potentially shared genetic
basis between GDM and type 2 diabetes [9]. Emerging data also
indicate a possible environmental aetiology for GDM. For
example, it was observed that exposure to perfluorooctanoic
acid (PFOA), an endocrine disruptor often found in some carpet
cleaning liquids, microwave popcorn bags and some cooking
ware was positively related to GDM risk [10].

In addition to these risk factors, accumulating data from
epidemiological studies indicate that diet and lifestyle factors,
both before and during pregnancy, are associated with GDM
risk. Conventionally, promoting physical activity among preg-
nant women was controversial and the heat produced during
physical activity was considered to be a fetal teratogen [11]. In
the past decade, data from at least seven observational epide-
miological studies provided evidence that increased recrea-
tional physical activity before and/or during pregnancy were
related to a lower GDM risk. In a systematic review and meta-
analysis of five studies, including 361 GDM cases [12],
recreational physical activity in early pregnancy was related
to a >20% reduction in risk of GDM (pooled OR 0.76, 95%CI
0.70, 0.83). Similarly, in a meta-analysis of seven studies,
including 34,929 women [12], pre-pregnancy physical activ-
ity was on average related to a reduction in risk of >50%
(pooled OR 0.45, 95% CI 0.28, 0.75). In the Nurses’ Health
Study (NHS)-II (Table 1), it was observed that total physical
activity, in particular vigorous activity, was significantly and

inversely associated with the risk [13]. Among women who
did not engage in vigorous activities, a brisk walking pace and
stair climbing also were associated with a lower risk [13].

In addition to physical activity, dietary factors both during
and before pregnancy are related to GDM risk. Studies of the
association between dietary factors and the risk of GDM have
just emerged over the last decade. There is evidence suggests
that plasma vitamin D and vitamin C concentrations in early
pregnancy and dietary fat intake during pregnancy may be
implicated in the aetiology of GDM [6, 14]. However, it is
worth noting that the number of GDM cases in the majority of
these studies is rather low in general and extremely limited
among the non-Caucasian population. Inferences from the
majority of available studies are further limited by their
cross-sectional or retrospective design. To date, no concrete
conclusion can be drawn as to the role of dietary factors during
pregnancy in the development of GDM [6]. Studies on pre-
pregnancy diet and GDM risk have been mainly based on data
from NHS-II, which systematically examined the association
between habitual diet before pregnancy and GDM risk. Over
the years, a number of pre-pregnancy dietary factors have
been found to be significantly associated with GDM risk
(Table 1). Among these, potentially harmful factors include
sugar-sweetened beverages [15], heme iron intake [16], fried
foods [17], animal fat [18] and animal protein [19], a diet low
in carbohydrate but high in animal fat and protein [20], as well
as an overall western dietary pattern as characterised by a high
intake of red meat and processed meat, refined grain products,
sweets, French fries and pizza [21]. A recent study using the
NHS-II data reported that greater potato consumption was
related to an increased GDM risk [22]. Potential beneficial
factors include a prudent diet, characterised by a high intake
of fruit, green leafy vegetables, poultry and fish [21], a
Mediterranean diet [23], as well as nut [19] and fibre con-
sumption [24]. Findings from the investigation of joint effects
of diet and physical activity, cigarette smoking and BMI indi-
cated that more than 45% of GDM cases might have been
prevented if women adopted an overall healthy diet and life-
style and maintained a healthy body weight before pregnancy
[25]. Similar results for the joint effect were observed among
both low- and high-risk women. Collectively, the findings
from these observational studies demonstrate the important
role of lifestyle factors during the pre-pregnancy time frame
in the development of this common pregnancy complication.

So what is the next step along this line of research? The
obvious next step seems to be to translate these association
findings from large observational studies into effective
interventions for the prevention of GDM. Intervention studies
on the prevention of GDM emerged only as recently as 5 years
ago. Given the success of the Finnish Diabetes Prevention
Study (FDPS) [26] and the Diabetes Prevention Program
(DPP) in preventing or delaying diabetes in non-pregnant
women with impaired glucose tolerance, including those with
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Table 1 Risk factors and protective factors for GDM identified from studies evaluating pre-pregnancy lifestyle factors

Author, year [ref.] Exposure Comparison groups RR (95% CI)

Risk factors

Dietary patterns

Zhang et al, 2006 [21] Western dietary pattern (high intake of red
meat, processed meat, refined grain
products, sweets, French fries and pizza)

Highest vs lowest quintile 1.63 (1.20, 2.21)

Zhang et al, 2006 [24] High glycaemic load Highest vs lowest quintile 1.61 (1.02, 2.53)

Bao et al, 2014 [20] Low-carbohydrate diet Highest vs lowest quartile 1.27 (1.06, 1.51)

Bao et al, 2014 [20] Low carbohydrate (high in animal protein
& animal fat)

Highest vs lowest quartile 1.36 (1.13, 1.64)

Food/food groups

Zhang et al, 2006 [21] Red meat Highest vs lowest quintile 1.74 (1.35, 2.26)

Zhang et al, 2006 [21] Processed red meat Highest vs lowest quintile 1.68 (1.30, 2.16)

Zhang et al, 2006 [21] Bacon Highest vs lowest quartile 1.29 (1.02, 1.63)

Zhang et al, 2006 [21] Sausage, salami, bologna and other processed
meats

Highest vs lowest quartile 1.60 (1.31, 1.95)

Chen et al, 2009 [15] Sugar-sweetened cola 5 servings/week vs <1 serving/month 1.22 (1.01, 1.47)

Bao et al, 2013 [19] Red meat Highest vs lowest quintile 2.05 (1.55, 2.73)

Bao et al, 2013 [19] Unprocessed red meat Highest vs lowest quintile 1.60 (1.21, 2.12)

Bao et al, 2013 [19] Processed red meat Highest vs lowest quintile 1.36 (1.03, 1.80)

Bao et al, 2014 [17] Fried foods >7 times/week vs <1 time/week 1.88 (1.34, 2.64)

Nutrients

Bowers et al, 2011 [16] Heme iron Highest vs lowest quintile 1.58 (1.21, 2.08)

Bowers et al, 2012 [18] Animal fat Highest vs lowest quintile 1.88 (1.36, 2.60)

Bowers et al, 2012 [18] Cholesterol intake Highest vs lowest quintile 1.45 (1.11, 1.89)

Bowers et al, 2012 [18] Monounsaturated fatty acids (major source
animal fat)

Highest vs lowest quintile 1.56 (1.04, 2.33)

Bao et al, 2013 [19] Animal protein Highest vs lowest quintile 1.49 (1.03, 2.17)

Bao et al [22] Potatoes ≥5 servings/week vs <1 serving/week 1.50 (1.15, 1.96)

Protective factors

Dietary patterns

Zhang et al, 2006 [21] Prudent dietary pattern (high intake of fruit,
green leafy vegetables, poultry and fish)

Lowest vs highest quintile 1.37 (1.09, 1.72)

Tobias et al, 2012 [23] Dietary Approaches to Stop Hypertension (DASH) Highest vs lowest quartile 0.66 (0.53, 0.82)

Tobias et al, 2012 [23] Alternate Healthy Eating Index Highest vs lowest quartile 0.54 (0.43, 0.68)

Tobias et al, 2012 [23] Alternate Mediterranean diet Highest vs lowest quartile 0.76 (0.60, 0.95)

Food/food groups

Bao et al, 2013 [19] Nuts Highest vs lowest quintile 0.73 (0.56, 0.95)

Nutrients

Zhang et al, 2006 [24] Cereal fibre Highest vs lowest quintile 0.76 (0.59, 0.98)

Zhang et al, 2006 [24] Fruit fibre Highest vs lowest quintile 0.67 (0.51, 0.87)

Zhang et al 2006 [24] Total fibre Highest vs lowest quintile 0.67 (0.51, 0.90)

Bao et al, 2013 [19] Vegetable protein Highest vs lowest quintile 0.69 (0.50, 0.97)

Physical activity

Zhang et al, 2006 [13] Vigorous activity Highest vs lowest quintile (MET-h/week) 0.77 (0.69, 0.94)

Zhang et al, 2006 [13] Brisk walking (in women without vigorous activity) Brisk pace vs easy pace 0.66 (0.46, 0.95)

Zhang et al, 2006 [13] Stair climbing (in women without vigorous
activity)

≥15 vs ≤2 (flights of stairs) 0.50 (0.27, 0.90)

Zhang et al, 2014 [25] Moderate/vigorous exercise ≥150 min/week vs <150 min/week 0.85 (0.73, 0.99)

Cigarette smoking

Zhang et al, 2014 [25] Current non-smoker Current non-smoker vs current smokers 0.71 (0.58, 0.87)

MET-h, metabolic equivalent hours
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a history of GDM [27], it seems natural to assume that lifestyle
interventions would be effective in preventing GDM.
However, findings from the majority of intervention studies
on GDM published to date are discouraging; the majority
report negative or statistically non-significant findings,
although the point estimates indicate certain protective effects.
This does not necessarily mean that the interventions were not
effective; the negative findings could be most likely due to the
following two reasons. First, the majority of available
intervention studies were of small sample size, which were
underpowered for detecting a statistically significant effect.
Second, interventions in most of the studies were implement-
ed late, in the second or third trimester, which might not have
allowed sufficient time for the intervention to be effective. The
latter was true even for the relatively large-scale intervention
studies published recently [28–30].

What do the intervention studies that demonstrated success
in preventingGDMhave in common? The few studies that did
demonstrate a significant beneficial effect of diet and/or
physical activity all started the intervention relatively early,
in the first trimester, before or near 13 weeks of gestation
[31–40]. For example, among all the published studies to date
on physical activity interventions for GDM prevention
[41, 42], the point estimate for the majority of studies indicate
a beneficial effect, yet only those with the intervention starting
early in the first trimester had statistically significant findings
[33–35, 38]. The same was true for intervention approaches
that combined physical activity with diet modification [36, 37,
40], administered diet modification/supplement alone [39] or
pharmacological intervention with metformin [31].

In general, findings from intervention studies for GDM are
inconsistent. While the majority have demonstrated a
non-significant protective effect, some have reported a
non-significant adverse effect in the intervention group
[29, 43]. Even findings from meta-analyses have reached
different conclusions. For example, a 2012 Cochrane review
[44] and a relatively recent meta-analysis [45] concluded that
a physical activity intervention did not have any significant
effect on the risk of developing GDM. More recently, two
meta-analyses [41, 42] found that physical activity interven-
tions can effectively prevent GDM, especially when the dura-
tion of the intervention is longer throughout pregnancy. The
significant protective findings in the latter studies [41, 42]
could presumably be attributed to a greater number of pooled
studies, as well as the inclusion of recently published large-
scale intervention studies in which the intervention was im-
plemented relatively early in pregnancy. Across the individual
intervention studies, large variations exist in multiple aspects
of the study design, including GDM diagnostic criteria, dura-
tion and timing of the intervention, as well as characteristics of
the study population, including their race/ethnicity and GDM
risk profile. For example, some studies were conducted
among a high-risk population, such as overweight or obese

women [32] or on women with polycystic ovary syndrome
[31], whereas other study populations included both obese
and non-obese women [46]. The intervention approaches
themselves were diverse, ranging from yoga, aerobic exer-
cises or resistance training, to targeting different aspects of
the diet. All of these may have contributed to the large hetero-
geneity in the findings. Interestingly, a few studies found an
improvement in glucose tolerance in the intervention group,
even if no reduction was seen in the risk of GDM [46–48].

Taken together, regarding the question whether GDM is
preventable or not, the answer remains optimistic. Although
not all GDM events can be prevented, lifestyle interventions
introduced early in pregnancy or before pregnancy have the
potential of preventing GDM development, at least among
some women. This is supported by the promising findings
from large observational studies on pre-pregnancy diet and
lifestyle (Table 1), aforementioned positive findings from
studies that started the intervention early in pregnancy
[31–40], and by the successful prevention of type 2 diabetes
with diet and lifestyle modification among non-pregnant
individuals, for example, in the FDPS [26] and in the US
DPP [27]. Finally, findings from animal and human medical
studies have demonstrated the biological plausibility of
improving insulin sensitivity and secretion through diet and
lifestyle modification. Certainly, more high-quality data
among diverse race/ethnicity populations are warranted, espe-
cially with intervention approaches that can be easily adapted
by women starting early in pregnancy, or, ideally, even before
pregnancy. Moreover, additional mechanistic studies that
further elucidate the pathogenesis of GDM are warranted for
developing more precise and novel prevention strategies.

In conclusion, GDM is a rapidly growing health concern. It
is related to short- and long-term adverse health outcomes in
both women and their children, which highlights the signifi-
cance of preventing GDM among women who are planning a
pregnancy or are pregnant. Improvements in diet and lifestyle
before and during pregnancy may hold the hope of
interrupting the vicious circle involvingmaternal GDM, child-
hood obesity and diabetes, ultimately to stop or delay the onset
of diabetes through improving the health and well-being of
women and their children across their lifespans. To achieve
this goal, large-scale multiple-arm lifestyle intervention
studies in which the intervention is initiated before pregnancy
among multi-racial/ethnicity populations are needed.
Adequately powered pilot studies are essential in order to
evaluate their efficiency and efficacy and to design optimal
interventions. Ideally, such interventions would also be
evaluated in the context of neonatal outcomes and the long-
term health outcomes of the offspring, as GDM in pregnancy
has effects on both women and their children. Changing
behaviour/lifestyle is always challenging. Pregnant women,
in particular, may face additional barriers to eating healthily
and doing regular physical activity because of pregnancy
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symptoms such as nausea and fatigue. However, the time
around pregnancy or family planning may represent an ideal
opportunity to advocate a healthy lifestyle for the family, as
women in these specific time windows of their lives are gen-
erally better motivated to follow advice to improve pregnancy
outcomes and infant health [49].
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