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INTRODUCTION 

 

Gestational diabetes mellitus (GDM) is defined as glucose intolerance that 

develops or is first recognized in pregnancy (1). GDM affects approximately 7% of all 

US pregnancies, a rate that has more than doubled over the past 20 years as excess 

adiposity increases in women of reproductive age (1-3). As one of the most common 

pregnancy complications, GDM is associated with significant morbidity in the short- and 

long-term, for both mother and offspring (4, 5). It is now well established that women 

with a history of GDM are at a significantly increased risk of developing type 2 diabetes 

later in life (6). Offspring of diabetic pregnancies are also an at increased risk of obesity 

and metabolic complications in childhood and adolescence (1). Treatments for GDM to 

minimize its pregnancy- and delivery-related consequences are not foolproof, and have 

been unable to consistently demonstrate reductions in some major adverse endpoints, 

including cesarean section and perinatal or neonatal death (7). Clearly, prevention of 

GDM altogether is crucial, although evidence to inform public health strategies for doing 

so is limited. 

 

Differences between GDM and non-GDM pregnancies may emerge well before 

conception. During the course of a normal pregnancy, moderate insulin resistance 

naturally occurs to enhance blood flow and nutrient supply to the developing fetal tissues 

(8, 9). Pancreatic volume and insulin output adapts simultaneously to maintain 

euglycemia. However, in a pregnancy complicated by GDM, these compensatory 

mechanisms prove insufficient, and blood glucose levels are poorly regulated throughout 
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pregnancy, coupled with vascular dysfunction and inflammation (9, 10). Evidence 

suggests that in women who develop GDM, pancreatic β-cell dysfunction is preexisting 

and its sub-clinical defects are exacerbated by pregnancy (11). Therefore, it is reasonable 

to propose that prevention of GDM is essential even years before conception. Identifying 

modifiable factors for GDM prevention could be crucial for avoiding its far-reaching 

adverse health outcomes. Additionally, if a mother is diagnosed with GDM, then efforts 

should be in place to prevent the downstream metabolic consequences. 

 

Major risk factors for GDM include older age in pregnancy, a family history of 

diabetes, and race or ethnicity. Modifiable factors include excess adiposity, physical 

activity, and diet. Current dietary evidence points out several macronutrients, 

micronutrients, and foods for their association with GDM, including refined 

carbohydrates, saturated and trans fats, heme iron, and processed meats (12). While 

studying individual nutrients may lead to the understanding of important biological 

mechanisms, assessment of dietary patterns offers a comprehensive and complimentary 

approach, and may be more applicable to clinical and public health interventions. 

Analyses of overall food patterns also accounts for any interactions or synergistic effects 

among individual foods or nutrients. If dietary patterns beneficially affect GDM risk, it 

would be important to disseminate such information to women of reproductive age.  

 

Risk factors for the progression of type 2 diabetes after GDM are less established. 

Previous research has focused predominantly on clinical predictors and biomarkers, such 

as the need for insulin therapy in pregnancy and fasting glucose levels at various time 
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points throughout pregnancy (13-15). There is a glaring lack of research regarding post-

partum modifiable lifestyle risk factors, yet this is critical to establish to inform 

physicians and public health interventions.  

 

Therefore, the overarching aim of my doctoral dissertation research is to 

investigate the impact of modifiable lifestyle risk factors, including physical activity and 

dietary patterns, for the prevention of GDM and subsequent progression to type 2 

diabetes. Additionally, my research includes an analysis of GDM and progression to 

hypertension, a relationship which has not been previously evaluated in a large 

prospective cohort with adjustment for several confounding lifestyle factors, yet is 

warranted for its potential public health implications.  
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Physical Activity Before and During
Pregnancy and Risk of Gestational
Diabetes Mellitus
A meta-analysis

DEIRDRE K. TOBIAS, SM
1

CUILIN ZHANG, MD, PHD
2

ROB M. VAN DAM, MD, PHD
1,3

KATHERINE BOWERS, PHD
2

FRANK B. HU, MD, PHD
1,4

OBJECTIVE — Gestational diabetes mellitus (GDM) is one of the most common complica-
tions of pregnancy and is associated with a substantially elevated risk of adverse health outcomes
for both mothers and offspring. Physical activity may contribute to the prevention of GDM and
thus is crucial for dissecting the vicious circle involving GDM, childhood obesity, and adulthood
obesity, and diabetes. Therefore, we aimed to systematically review and synthesize the current
evidence on the relation between physical activity and the development of GDM.

RESEARCH DESIGN AND METHODS — Medline, EMBASE, and Cochrane Reviews
were searched from inception to 31 March 2010. Studies assessing the relationship between
physical activity and subsequent development of GDM were included. Characteristics including
study design, country, GDM diagnostic criteria, ascertainment of physical activity, timing of
exposure (prepregnancy or early pregnancy), adjusted relative risks, CIs, and statistical methods
were extracted independently by two reviewers.

RESULTS — Our search identified seven prepregnancy and five early pregnancy studies,
including five prospective cohorts, two retrospective case-control studies, and two cross-
sectional study designs. Prepregnancy physical activity was assessed in 34,929 total participants,
which included 2,813 cases of GDM, giving a pooled odds ratio (OR) of 0.45 (95% CI 0.28–
0.75) when the highest versus lowest categories were compared. Exercise in early pregnancy was
assessed in 4,401 total participants, which included 361 cases of GDM, and was also significantly
protective (0.76 [95% CI 0.70–0.83]).

CONCLUSIONS — Higher levels of physical activity before pregnancy or in early pregnancy
are associated with a significantly lower risk of developing GDM.

Diabetes Care 34:223–229, 2011

G estational diabetes mellitus (GDM)
is one of the most common compli-
cations of pregnancy, affecting

�7% of all pregnancies in the U.S. (i.e.,
�200,000 cases annually) (1), and this
number is increasing as the prevalence of
obesity among women at reproductive

age escalates (2–4). GDM is associated
with a significantly elevated risk for short-
term and long-term complications for
both mothers and offspring. Women with
GDM have an increased risk for perinatal
morbidity and impaired glucose tolerance
and type 2 diabetes in the years after preg-

nancy (5,6). Children of women with
GDM are more likely to be obese and have
impaired glucose tolerance and diabetes
in childhood and early adulthood (1). In a
recent meta-analysis of randomized trials
on the effect of treatment for GDM, vari-
ous interventions for blood glucose con-
trol, including diet, glucose monitoring,
insulin use, and pharmaceutical interven-
tions, did not significantly reduce the risk
for adverse perinatal and neonatal end
points, including cesarean section and
perinatal or neonatal death (7). Collec-
tively, these data indicate that prevention
of GDM altogether could be crucial for
avoiding its associated adverse health
outcomes.

Physical activity has long been
known for its role in improving glucose
homeostasis through its direct or indi-
rect impact on insulin sensitivity via
several mechanisms. For instance,
physical activity has independent ef-
fects on glucose disposal by increasing
both insul in-mediated and non–
insulin-mediated glucose disposal
(8,9). Physical activity can also exert
long-term effects on improvement in in-
sulin sensitivity through increased fat-
free mass (10). Furthermore, the
benefits of preventing or delaying the
onset of type 2 diabetes among non-
pregnant individuals have been re-
ported repeatedly (11,12). Therefore,
physical activity may have the potential
for preventing GDM and related adverse
health outcomes. However, evidence
for its impact on GDM has not been sys-
tematically synthesized. The aim of this
systematic review and meta-analysis
was to assemble the current evidence
for the relationship between physical
activity and the development of GDM.

RESEARCH DESIGN AND
METHODS

Data collection
Relevant published English-language ar-
ticles were identified by searching the
Medline database (National Library of
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Medicine, Bethesda, MD), EMBASE, and
Cochrane Reviews (The Cochrane Collab-
oration) through March 2010 and by a
manual bibliography check. The Medline
search was as follows, with similar terms
for other databases: (diabetes, gestational
[MeSH]) AND (lifestyle OR “risk factor”
OR physical activity [MeSH] OR exer-
cise), where MeSH stands for “Medical
Subject Headings.” Bibliographies of ac-
cepted studies as well as recent reviews
were screened to ensure a complete study
listing.

For relevant abstracts, full publica-
tions were retrieved for evaluation on the
basis of criteria that were established a
priori. All original research articles were
considered except case reports. We
sought to include studies that assessed the
relationship between physical activity
and the risk of developing GDM. Studies
reporting only impaired glucose tolerance
or an impaired glucose tolerance and
GDM combined end point were not in-
cluded. Our criteria did not restrict on the
measurement of physical activity (fre-
quency, intensity, type, and others) or the
exposure period (prepregnancy or early
pregnancy). One exception to this was the
exclusion of studies evaluating physical
activity during the total pregnancy pe-
riod, such as retrospective questionnaires
that did not specifically probe a pre-GDM
gestational age time period. The rationale
behind this exclusion is that women with
the diagnosis of GDM may undergo ther-
apy for glucose control that includes
physical activity recommendations; thus,
there is a potential for reverse causation
(13,14). Our criteria did not restrict to
particular populations or countries. Arti-
cles were independently screened for
meeting the eligibility criteria by two re-
viewers (D.K.T. and K.B.).

For each accepted article, study char-
acteristics, including authors, publication
year, study design, country, and GDM
screening and diagnostic criteria, were ex-
tracted independently by two researchers
(D.K.T. and K.B.). Details of the exposure
included the specific time period under
investigation and the method of ascertain-
ment. The unadjusted and adjusted rela-
tive risks and 95% CIs were extracted as
reported by authors. Statistical methods
were noted, including which covariables
were considered and adjusted for. Au-
thors were contacted for clarification of
any of the above extracted data points if
needed.

Statistical analysis
A random-effects meta-analysis was con-
ducted to combine the relative risks re-
ported for the original studies (15).
Separate analyses were done for the
prepregnancy and early pregnancy time
periods. We chose to use a random-effects
meta-analysis, which takes into account
between-study heterogeneity, because
the study design and exposure dose and
intensity were not uniform across studies;
therefore, similar effect sizes were not as-
sumed. To facilitate a comparable expo-
sure across studies, we analyzed the
relative risks for the highest physical ac-
tivity category versus the lowest (refer-
ence) category. When studies used the
highest amount of activity as their refer-
ence group, we exponentiated the nega-
tive of the log odds ratio (OR) and 95% CI
to convert the direction of the effect
estimate.

The Cochrane Q test was used to eval-
uate the presence of heterogeneity, with a
null hypothesis that the treatment effect is
equal across all studies (16). We consid-
ered heterogeneity to be significant at P �
0.1, a conservative standard for meta-
analyses (17). In addition, we calculated
the I2 statistic and 95% CIs to evaluate the
percentage of heterogeneity that was due
to between-study variation (18). In the
presence of heterogeneity, sensitivity
analyses were performed to evaluate effect
modification by study-level characteris-
tics including study design, GDM diag-
nostic criteria, physical activity measures
(METs vs. frequency only; number of
quantiles), and country of study (19).
These were done by performing a ran-
dom-effects meta-regression for each
study-level variable. Stratified pooled ef-
fect estimates were calculated and re-
ported if there was evidence of effect
measure modification by a given charac-
teristic. The influence of outliers was also
assessed to evaluate the impact of their
removal and the robustness of the
meta-analysis.

Publication bias was assessed through
Egger and Begg tests, using a significance
level of P � 0.05 to indicate significant
asymmetry (20,21). We also performed a
visual inspection of the funnel plot for
publication bias, looking for a skewed
(nonsymmetric) distribution of standard
errors around the study-level effect
estimates.

Analyses were conducted in Stata
(version 10.0; StataCorp, College Station,
TX). We used the METAN command to
calculate the pooled effect estimates and

the tes t s for heterogene i ty . The
METAREG and HETEROGI commands
were used to conduct analyses for
heterogeneity.

RESULTS — Our literature search
produced 442 citations, of which we se-
lected 18 for further review of the full text
(Fig. 1). Ten studies were excluded for
reasons listed in Fig. 1. Therefore, eight
publications met our criteria for inclusion
in this meta-analysis and review (22–29)
(Table 1). Findings for the OMEGA Study
prospective cohort and Alpha Study case-
control population were presented in
three different publications (26–28). We
assessed which outcomes were reported
more than once to avoid inclusion of du-
plicate effect estimates in our meta-
analyses. Two publications by Dempsey
et al. (27,28) reported results for the
OMEGA Study and Alpha Study popula-
tions, including both prepregnancy and
early pregnancy exercise exposures. In a
more recent, single publication, Rudra et
al. (26) updated the results for both study
populations, but for the prepregnancy ex-
posure only. Therefore, the publications
by Dempsey et al. (27,28) were included
in our meta-analysis for their early preg-
nancy results only, and the relative risks
from Rudra et al. (26) were included for
its prepregnancy results.

Ultimately, the eight studies in our
analysis (prepregnancy k � 7; early preg-
nancy k � 5) represented a total of 34,929
subjects (prepregnancy N � 34,929; early
pregnancy N � 4,401), with 2,855 total
cases of GDM (prepregnancy n � 2,813;
early pregnancy n � 361) (22–29). These
included five prospective cohort studies
(22,24–26,28), two retrospective case-
control studies (26,27), and two cross-
sectional surveys (23,29). (The total
number of study designs is greater than
the total number of publications because
Rudra et al. [26] presented results for two
distinct studies in the same study.) All
studies were conducted among U.S.
women except one, which was conducted
by Harizopoulou et al. (23) among Greek
participants. In the prospective cohort
studies (22,24–26,28), physical activity
interviews or questionnaires for both
prepregnancy and early pregnancy habits
were administered before participants re-
ceived their diagnosis of GDM. For the
retrospective case-control and cross-
sectional studies (23,26,27,29), partici-
pants were asked about their physical
activity during their postpartum hospital
stay, with the exception of the study by

Physical activity and GDM: a meta-analysis
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Redden et al. (29), which collected expo-
sure data 2–7 months postpartum. The
prepregnancy time period was defined in
six studies as 1 year before the index preg-
nancy (23–28), in one study as 3 months
before the index pregnancy (29), and in
one study as the average exposure over
several years of follow-up before the in-
dex pregnancy (22). All but one study
(29) reported use of a validated physical
activity questionnaire to assess exposure,
although only one of these questionnaires
was specifically validated in pregnant
women, with satisfactory results (24).
GDM was physician-diagnosed in all but
one study, which used validated self-
report of having received a physician’s di-
agnosis (22). Other relevant study
characteristics are tabulated in Table 1.

Units of physical activity varied and
included frequency (hours per week), en-
ergy expenditure (MET-hours per week),
and level of exertion or intensity. Physical
activity types included total physical ac-
tivity as well as specific activities (walk-
ing, climbing stairs, and others). In the
meta-analyses of total physical activity,
five of the eight studies analyzed physical
activity in units of energy expenditure
(22,23,26–28), which incorporates both
frequency and intensity, whereas three of
the eight studies analyzed physical activ-
ity in units of frequency only (24,25,29).
All but the two cross-sectional studies re-
ported relative risks across quantiles of
exposure (23,29).

Total physical activity
Prepregnancy. Seven studies reported
the association between total prepreg-
nancy physical activity and GDM (22–
26,29). A meta-analysis of relative risks
indicated a 55% lower risk of GDM for
women in the highest physical activity
quantiles compared with those in the low-
est (pooled OR 0.45 [95% CI 0.28–0.75];
P � 0.002) (Fig. 2). The Cochrane Q sta-
tistic indicated significant heterogeneity
in study results (Q � 32.6, P � 0.001),
with an I2 value estimating that 82% (63–
91%) of the variance is due to between-
study differences.

We conducted additional sensitivity
analyses to evaluate potential sources of het-
erogeneity in the results. Meta-regression
did not show a significant difference in ef-
fect estimates among studies with a pro-
spective versus retrospective study design
(meta-regression P � 0.54) (supplementary
Fig. 1, available in an online appendix at
http://care.diabetesjournals.org/cgi/
content/full/dc10-1368/DC1). Likewise,
meta-regression results indicated a lack of
effect measure modification by GDM di-
agnosis criteria (P � 0.58), physical activ-
ity analysis by energy expenditure versus
frequency (P � 0.40), study size being
�100 cases (P � 0.15), and country of
study (P � 0.078). When we ran the
meta-regression on the total number of
exposure categories, there was a border-
line significant association (P � 0.053);
however, the number of studies in each

strata was few. When we stratified by
whether studies adjusted for specific con-
founders, we did not find a statistically
significant difference among effect esti-
mates that controlled for family history of
diabetes (P � 0.97), smoking status (P �
0.23), race or ethnicity (P � 0.33), parity
(P � 0.67), or socioeconomic status co-
variables (P � 0.47). Finally, to evaluate
the robustness of the main pooled effect
estimate, we removed the largest study by
Zhang et al. (22), which accounted for
62% of the total study participants. This
did not substantially alter the pooled OR
or significance level (pooled OR 0.39
[0.20–0.73]; P � 0.004).
Early pregnancy. Five studies reported
effect estimates for the association between
early pregnancy physical activity and devel-
opment of GDM (23–25,27,28). Results for
activity during this time period indicated
a significant 24% lower risk of GDM as-
sociated with the highest activity group
compared with the lowest activity group,
as shown in Fig. 2 (OR 0.76 [0.70–0.83];
P � 0.0001). The Q test was not signifi-
cant for heterogeneity but was possibly
underpowered because of few studies
(Q � 1.83; P � 0.77). Despite a point
estimate of 0%, the I2 statistic suggested
that heterogeneity was possible, given the
wide CI (95% CI 0–79%). In a sensitivity
analysis we removed the study by Harizo-
poulou et al. (23) because it contributed
to 96% of the weight in the pooled OR.
The pooled OR remained statistically sig-
nificant with a similar magnitude of effect
(0.65 [0.43–0.98]; P � 0.04).

Finally, the Egger and Begg tests for
the primary analyses did not indicate the
presence of publication bias in the analy-
sis of total physical activity (prepregnancy
P � 0.30; early pregnancy P � 0.81). Vi-
sual inspection of the funnel plot was in
agreement with the statistical test, with no
apparent asymmetry.

Walking
The association between walking and
GDM risk was evaluated in three studies
(22,25,27). Two studies analyzed the
association between walking duration
and GDM risk (Oken et al.: �2 h/day vs.
�2 h/day; Dempsey et al.: �3 miles/day
vs. �1 mile/day) (25,27). Overall there
did not seem to be an association be-
tween walking duration and GDM risk
(prepregnancy: pooled OR 0.95 [95%
CI 0.50 –1.83]; early pregnancy: 0.77
[0.51–1.16]). However, when the joint
effect of walking duration and usual
walking pace was analyzed, there was

Figure 1—Study attrition diagram. PA, physical activity.
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an inverse association in the prepreg-
nancy time period. In the studies by
Dempsey et al. (27) and Zhang et al.
(22), women who reported a brisk usual
walking pace and walked for a longer
duration (Dempsey et al.: �2 miles/day;
Zhang et al.: �30 min/day) were asso-
ciated with a lower risk of GDM, com-
pared with women reporting a casual
usual walking pace and shorter dura-
tion (pooled OR 0.59 [95% CI 0.30 –
0.87]). This association was slightly
attenuated in early pregnancy, as re-
ported by Dempsey et al. but did not
reach statistical significance (OR 0.83
[95% CI 0.48 –1.45]). Although only
three studies reported associations be-
tween walking and GDM risk, findings
were consistent for an inverse associa-
tion with intensity of walking pace, al-
though it is unclear whether walking
duration (distance or time) has similar
benefits.

Stair climbing
Two studies assessed the association be-
tween stair climbing and GDM risk as the
number of flights of stairs climbed per day
during the prepregnancy period (22,27).
They each found a significant inverse as-
sociation between GDM and the highest
category of stair climbing (Dempsey et al.:
�10 flights/day; Zhang et al.: �15 flights/
day) compared with women who did not
climb stairs, after adjustment for several
potential confounders, including
prepregnancy BMI (Dempsey et al.: OR
0.47 [95% CI 0.26–0.93]; Zhang et al.:
0.50 [0.27–0.90]; pooled OR 0.49 [95%
CI 0.26–0.72]). Dempsey et al. (27) also
assessed stair climbing in early pregnancy
and found a similar inverse association
(OR 0.26 [95% CI 0.13–0.52]).

Vigorous activity
Four studies evaluated physical activity of
vigorous intensity (22,25–27). Overall,

there was an inverse association between
participation in vigorous activity com-
pared with no vigorous activity in
prepregnancy (pooled OR 0.47 [95% CI
0.19–0.75]). Two studies also reported
an association of GDM and vigorous ac-
tivity intensity in early pregnancy
(25,27). The pooled effect estimate sug-
gests an inverse association with vigorous
physical activity (0.55 [0.21–1.43]), al-
though this did not reach statistical
significance.

Physical inactivity
Few studies addressed the association of
sedentary or inactive lifestyle in prepreg-
nancy or early pregnancy with the risk of
GDM. In the prospective cohort by Oken
et al. (25), those who reported being sed-
entary (�2 h/week total physical activity)
has a nonsignificantly higher risk of GDM
for both time periods (prepregnancy: OR
1.4 [95% CI 0.7–3.0]; early pregnancy:

Figure 2—Results of meta-analyses. A: Prepregnancy physical activity. B: Early pregnancy physical activity.
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1.4 [0.8 –2.6]). Hours spent watching
television was not associated with GDM
risk in two prospective cohort studies
(Oken et al.: relative risk 1.03 [95% CI
0.6 –1.8]; Zhang et al.: not reported)
(22,25).

CONCLUSIONS — The results from
our systematic review and meta-analyses
indicate that greater total physical activity
before pregnancy or during early preg-
nancy was significantly associated with a
lower risk of GDM. The magnitude of this
association was greatest for prepregnancy
physical activity with women in the high-
est quantiles of activity experiencing a
55% reduction in risk, compared with
that for women with the lowest activity.
Heterogeneity in study results were sub-
stantial, suggesting that differences
among study populations or methodol-
ogy may have affected the results. Our
analyses to detect sources of heterogene-
ity were probably underpowered because
few studies were in each stratum. How-
ever, removal of individual influential
studies did not dramatically alter our
findings, supporting the robustness of the
pooled estimate. Early pregnancy physi-
cal activity was also associated with a sta-
tistically significant 25% lower risk for
women participating in high levels of
physical activity.

The course of a normal pregnancy in-
cludes increased metabolic stress and dis-
turbances in l ip id and g lucose
homeostasis in the third trimester
(30,31). There is marked insulin resis-
tance in maternal muscle with the intent
to increase glucose supply for the devel-
oping fetus. The development of GDM
might reflect an impaired capacity to han-
dle such metabolic challenges, such as
underlying �-cell dysfunction (32).
Therefore, women more equipped to han-
dle metabolic stress might be more likely
to maintain normal glucose levels (33).
The inverse association we observed be-
tween physical activity and development
of GDM is biologically plausible. Research
among nonpregnant individuals has
shown that exercise-induced improve-
ments in glycemic control may be due to
increases in GLUT4, a glucose transport
protein (34,35). Physical activity also has
direct effects on oxidative stress and en-
dothelial function (11,12). Researchers
have demonstrated that physical activity
may also have an indirect and potentially
more long-term role in glucose tolerance
through changes in body composition
(36,37). Decreases in fat mass and in-

creases in muscle mass have been shown
to have positive effects on glycemic con-
trol (37). In our literature search we did
not identify results of any randomized
clinical trials evaluating the effect of phys-
ical activity on prevention of GDM risk.
However, it is reasonable to infer that
physical activity might prevent GDM
through similar pathways.

Although the findings in this meta-
analysis give support for physical activity
in the prevention of GDM, there are some
limitations. Assessment of physical activ-
ity was done via self-report in question-
naires; thus, misclassification is plausible.
For the prospective studies in our analy-
sis, misclassification of prepregnancy
physical activity in the prospective stud-
ies is likely to be random with respect to
exposure, because women were unaware
of their GDM diagnosis at the time of as-
sessment; however, attenuation of the ef-
f ec t es t imates may lead to an
underestimation of the true association.
In addition, the inverse association be-
tween physical activity and GDM risk did
not differ by study design (i.e., prospec-
tive vs. retrospective) in our meta-
regression, alleviating the concern for
recall bias among the retrospective stud-
ies. Adjustment for major confounders
was consistent across studies, although
unknown or residual confounding is pos-
sible. The small number of published
studies makes it difficult to assess hetero-
geneity in the pooled ORs. There is also
the chance for publication bias, when re-
searchers are less likely to publish null or
uninteresting findings. The methods used
in this review did not suggest publication
bias. Finally, although we were able to
analyze the prepregnancy and early preg-
nancy physical activity periods sepa-
rately, our analysis is unable to determine
the independent biological relevance of
the two exposure periods. Prepregnancy
physical activity is one of the strongest
predictors of physical activity in early
pregnancy; thus, it is difficult to know
which one, or whether both, could be
contributing to the inverse associations
seen in our analyses, because of their high
correlation (38). Much of the benefit that
we observed for pregravid physical activ-
ity could also reflect continued activity
during pregnancy and vice versa.

In summary, results from this system-
atic review and meta-analyses demon-
strate that greater total physical activity
before or during early pregnancy is signif-
icantly associated with lower risk of
GDM, with the magnitude of the associa-

tion being stronger for prepregnancy
physical activity. Given the consistent ev-
idence across several studies, promoting
physical activity among women of repro-
ductive age may represent a promising
approach for the prevention of GDM and
subsequent complications of children
born from pregnancies affected by GDM.
It is still unknown whether beginning an
exercise routine in early pregnancy
among previously sedentary or minimally
active women incurs GDM prevention,
and further research is warranted to de-
termine the joint and independent effects
of physical activity before and during
early pregnancy.
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SUPPLEMENTAL FIGURE 1. Results of pre-pregnancy meta-analysis: prospective 

cohort studies 
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ABSTRACT 

Background: Previous studies observed inverse associations of adherence to the alternate 

Mediterranean (aMED), Dietary Approaches to Stop Hypertension (DASH), and the 

alternate Healthy Eating Index (aHEI) dietary patterns with risk of type 2 diabetes; 

however their associations with GDM risk are unknown. 

Objective: This study aims to assess usual pre-pregnancy adherence to well-known 

dietary patterns and GDM risk. 

Design: Our study included 21,376 singleton live births reported from 15,254 

participants of the Nurses’ Health Study II cohort between 1991-2001. Pregnancies were 

free of pre-pregnancy chronic disease or prior GDM. Pre-pregnancy dietary pattern 

adherence scores were computed based on participants’ usual intake of the patterns’ 

components, assessed by validated food frequency questionnaire. Multivariable logistic 

regressions with generalized estimating equations were used to estimate the risk ratios 

(RR) and 95% confidence intervals [95 % CI]. 

Results: Incident first-time GDM was reported in 872 pregnancies. All three scores were 

inversely associated with GDM risk after adjustment for several covariables. Comparing 

the multivariable risk of GDM of participants in the fourth to the first quartile of dietary 

pattern adherence scores, aMED was associated with a 24% lower risk (RR=0.76 [95% 

CI: 0.60, 0.95]; p-trend=0.004), DASH with a 34% lower risk (RR=0.66 [95% CI: 0.53, 

0.82]; p-trend=0.0005), and aHEI with a 46% lower risk (RR=0.54 [95% CI: 0.43, 0.68]; 

p-trend<0.0001).  

Conclusions: Pre-pregnancy adherence to healthful dietary patterns is significantly 

associated with a lower risk of GDM. 
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INTRODUCTION 

Gestational diabetes mellitus (GDM) affects 7% of all US pregnancies, making it 

one of the most common pregnancy complications (1). Its prevalence is increasing as 

obesity among women of reproductive age escalates (2-4).  GDM is associated with a 

significantly elevated risk of short-term and long-term complications for both mothers 

and offspring. Women with GDM are at an increased risk for perinatal morbidity as well 

as type 2 diabetes mellitus in the years following pregnancy (5-7). Additionally, children 

of women with GDM are more likely to be obese and have impaired glucose tolerance 

and diabetes in childhood and early adulthood (1). Research on early pregnancy diet and 

GDM prevention is limited, with little evidence to assess its role in GDM etiology. In a 

recent meta-analysis of randomized trials of the effect of GDM treatment for the 

prevention of its subsequent morbidity, various interventions for blood glucose control, 

including diet, glucose monitoring, insulin use, and pharmaceuticals, did not significantly 

reduce the risk for some adverse perinatal and neonatal endpoints, including cesarean 

section and perinatal or neonatal death (8). Collectively, these data indicate that 

identifying modifiable factors for the prevention of GDM could be crucial for avoiding 

its associated adverse health outcomes.  

 

Macronutrients, micronutrients, and individual foods, such as refined 

carbohydrates, saturated and trans fats, heme iron, and processed meats, have been 

associated with the risk of GDM (9). Assessment of dietary patterns, however, offers a 

comprehensive and complimentary approach for the association between diet and disease 

risk, and may be more applicable to public health and clinical interventions than 
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individual components. Analyzing food patterns also accounts for any known or 

unknown interactions or synergistic effects among individual foods or nutrients. 

 

Several healthful dietary pattern scores, including the alternate Mediterranean 

(aMED), Dietary Approaches to Stop Hypertension (DASH), and alternate Healthy 

Eating Index (aHEI), have been inversely associated with type 2 diabetes risk among 

non-pregnant individuals, making them potential risk factors for GDM as well (10-12). 

The aMED score was adapted for the US population from a previously published pattern 

by Trichopoulou et al (13, 14), based on the traditional Mediterranean diet. The DASH 

score was developed by Fung et al (15) to measure adherence to the DASH diet, a dietary 

pattern originally put forth by Sacks et al (16) for the reduction of blood pressure. 

McCullough et al derived the aHEI score (17) from the USDA Food Guide Pyramid (18) 

and the 1995 Dietary Guidelines for Americans (19).  

 

Associations of these dietary patterns with GDM risk, however, have not been 

investigated. The aim of this analysis is therefore to determine whether usual pre-

pregnancy adherence to dietary patterns, including aMED, DASH, and aHEI, is 

associated with the risk of GDM.  

 

SUBJECTS AND METHODS 

Source Population 

Our research question was examined in the Nurses’ Health Study II (NHS II) 

longitudinal cohort. This ongoing observational prospective cohort was established in 
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1989, enrolling 116,671 female nurses, ages 24-44 at baseline (20). Questionnaires are 

distributed biennially to update lifestyle characteristics and health-related outcomes. The 

1989 baseline questionnaire captured information regarding medical, diagnostic, and 

prescription history, date of birth, occupational status, gravidity, height and weight, and a 

range of other characteristics. Time-varying characteristics are updated every two years. 

Beginning in 1991 and every 4 years thereafter, participants are asked to complete a 

semi-quantitative food frequency questionnaire (FFQ) in addition to the main 

questionnaire (21). The FFQ is designed to measure average intake over the past year and 

has been extensively validated (22-24). Questions for various food items ask participants 

to report their frequency of consumption of a standard portion size, ranging from “never” 

to “6 or more times/day”. A validation study from a similar cohort of female participants 

compared foods assessed by the FFQ and multiple diet records and found a mean 

correlation coefficient between food items of 0.52, ranging from 0.08 for spinach to 0.90 

for tea (24). This study has been approved by the institutional review board of the 

Partners Health Care System (Boston, MA, USA), with participants’ consent implied by 

the return of the questionnaires. Follow-up for each questionnaire cycle is greater than 

90% through 2001. 

 

Study Population 

The first dietary questionnaire was administered in 1991 and is therefore the 

baseline assessment for pre-pregnancy exposure. Investigators ceased the update of GDM 

occurrence in 2001, thus follow-up is through the return of the 2001 questionnaire. NHS 
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II participants were considered for this analysis if they reported at least one singleton live 

birth after the return of their 1991 questionnaire through 2001.  

 

Individual singleton live births were included in the analysis if the participant did 

not report GDM in a previous pregnancy, a diagnosis of type 2 diabetes or cancer, or a 

cardiovascular disease event (myocardial infarction, stroke, coronary artery bypass graft 

procedure, angina), prior to an otherwise eligible pregnancy. Pregnancies after GDM 

were not included because women with GDM in a previous pregnancy are likely to 

change their diet and lifestyle during the next pregnancy to prevent recurrent GDM. 

Pregnancies were also excluded if the participant did not return the 1991 main 

questionnaire or FFQ, left more than 70 FFQ items blank, or reported unrealistic total 

energy intake (<500, >3,500 kilocalories/day). 

 

Exposure Assessment 

Pre-pregnancy aMED, DASH, and aHEI dietary adherence scores were computed 

for each FFQ cycle occurring prior to a given pregnancy. Components included in each 

score are outlined in Table 1. Justification for inclusion of each component has been 

described in detail elsewhere (14, 15, 17). Participants’ total score is a sum of the points 

earned across each dietary component for a given pattern, with aMED ranging from 0-8, 

DASH from 8-39, and aHEI from 2.5-87.5 possible points. A higher score indicates 

greater adherence. Scores were computed as the cumulative average of all pre-pregnancy 

questionnaires to reduce random within-person error and represent usual long-term intake 
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prior to an index pregnancy. Missing exposure data was carried forward from the last 

FFQ for which data were captured. 

 

 

TABLE 1. Components of the dietary pattern adherence scores 

aMED DASH aHEI 

Fruit ↑ ↑ ↑ 

Vegetables ↑ ↑ ↑ 

Nuts, Legumes, Soy ↑ ↑ ↑ 

Red & Processed Meat ↓ ↓ 

White:Red Meat Ratio ↑ 

Fish & Seafood ↑ 

Whole Grains ↑ ↑ 

Cereal Fiber (grams/day) ↑ 

Low Fat Dairy ↑ 

Sweetened Beverages ↓ 

Moderate Alcohol ↑ ↑ 

MUFA:SFA ↑ 

PUFA:SFA ↑ 

trans Fat (% kilocalories/day) ↓ 

Sodium (milligrams/day) ↓ 

Multivitamin Use     ↑ 

aMED=alternate Mediterranean Diet; DASH=Dietary Approaches to Stop 

Hypertension; aHEI=alternate Healthy Eating Index; MUFA=monounsaturated fatty 

acids; SFA=saturated fatty acids; PUFA=polyunsaturated fatty acids; Components 

measured in servings/day unless otherwise stated 
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To compute the aMED score, participants were allotted 1 point for being 

above the median of servings/day for each component, with the exception of red and 

processed meats, which was scored 1 point for being below the median intake. One point 

was earned for moderate alcohol consumption, defined as 5-15 grams/day (25). Median 

servings/day cut points were computed for each FFQ year from the overall NHS II 

population.  

 

In a recent publication by Fung et al (26), authors pointed out that primary 

sources of monounsaturated fat (MUFA) in a similar cohort of US women differed 

substantially from Mediterranean countries. Achieving a higher MUFA:saturated fatty 

acid (SFA) ratio might therefore not be representative of the healthful dietary fats 

intended by the Mediterranean Diet (olive oil, other plant sources) in our population (27). 

Although trends in olive oil consumption increased over time in their US population, it 

was still outweighed by beef and other meats contributing to 18-30% of MUFA intake. 

Pre-pregnancy red and processed meat intakes have been positively associated with GDM 

risk (28); therefore, in a secondary analysis, the MUFA:SFA ratio component was 

omitted from the total aMED score.  

 

The DASH score was derived similarly to the aMED score (16). Participants 

received points for each dietary component based on their quintile of intake 

(servings/day). For example, a participant in the 3rd quintile for usual consumption of 

vegetables earned 3 points. The sweetened beverages component was scored by quartiles 

because there was less variability in intake. Inverse scoring was used for red and 
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processed meats, sugar-sweetened beverages, and sodium to reflect greater adherence 

with less intake. 

 

Secondary analyses examined modifications to scoring the DASH diet. 

Results from the OMNIHeart randomized trial indicated that vegetable protein-based and 

vegetable MUFA-based dietary patterns were superior to a carbohydrate-based DASH 

diet, for several cardioprotective intermediate endpoints (29). Therefore, we added 

components to the DASH score to reflect macronutrient composition. The OMNI-protein 

score included points for increasing quintiles of vegetable-based protein intake (% total 

energy), and points for decreasing quintiles of total carbohydrate intake (% total energy). 

The OMNI-fat score also included the carbohydrate component, with additional points 

for increasing quintiles of vegetable-based fat intake (% total energy). 

 

For the aHEI pattern, points were given for intake of each component on a 

scale from 0-10, with 10 indicating adherence to the 1995 US Department of Agriculture 

recommended levels of intake, 0 for the worst intake, and intermediate scores categorized 

proportionately. Multivitamin use was scored based on duration of use, giving 2.5 points 

for <5 years of use and 7.5 points for >5 years of use. 

 

Outcome Assessment 

The outcome of interest is incident GDM. A physician diagnosis of GDM was 

ascertained by self-report on each biennial questionnaire through 2001. In the case of 

more than one singleton births reported within a 2-year questionnaire period, GDM status 
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was attributed to the first singleton birth, as the questionnaire does not specify which 

pregnancy experienced GDM if multiple pregnancies occurred. In a validation study 

among a subgroup of the NHS II cohort, 94% of GDM reports were confirmed by 

medical records (20). Among the confirmed GDM diagnoses, physicians were most 

likely to use the National Diabetes Data Group criteria. From a supplemental 

questionnaire sent to a random sample of parous women without GDM, 83% reported a 

glucose screening test during pregnancy and 100% reported frequent prenatal urine 

screening, suggesting a high level of GDM surveillance among both cases and non-cases 

in this cohort. 

 

Covariable Assessment 

Age, in months, was computed from date of birth to the date of each 

questionnaire return. Participants reported their current weight on each biennial 

questionnaire. Self-reported weight was highly correlated with measured weight among a 

random subset of Boston-area cohort participants (r=0.97) (30). Body mass index (BMI) 

was computed as weight in kilograms divided by height in meters squared. Total physical 

activity was ascertained by frequency of engaging in common recreational activities, 

from which MET-hours per week were derived. The questionnaire-based estimates 

correlated well with detailed activity diaries in a prior validation study (r=0.56) (31). In 

addition, we ascertained information about the participants’ smoking status, self-reported 

race and ethnicity, and parental history of hypertension and diabetes. These data have 

also been previously validated (32, 33). Total energy intake was calculated by summing 

up energy from all foods reported on in the FFQ. 
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Statistical Analysis 

Dietary pattern adherence scores were analyzed both continuously for a 1 

standard deviation (SD) increase, and categorically as quartiles. Pair-wise correlations 

between baseline continuous pattern scores were computed to assess the similarity of 

exposures. Multivariable marginal logistic regression using generalized estimating 

equations, specifying an exchangeable correlation structure, were analzyed to 

approximate the relative risks (RR) and 95% confidence intervals [95 % CI] for 

associations between the dietary pattern adherence scores and GDM risk. Models for 

dietary score quartiles were accompanied by chi2 tests for trend across the quartiles’ 

median values. In addition to age- and energy-adjusted models (Model 1), multivariable 

models (Model 2, Model 3) were further adjusted for a priori selected pre-pregnancy 

covariables. These included BMI (kg/m2), physical activity (MET-hours/week), sedentary 

time at home (hours/week), gravidity (total pregnancies lasting >6 months), smoking 

status, parental history of type 2 diabetes, and race or ethnicity. The DASH score model 

additionally adjusted for alcohol (grams/day), as this is not a component of the dietary 

pattern and is a potential lifestyle confounder. Age, gravidity, and lifestyle covariables 

were updated biennially, except physical activity, which was captured every 4 years. 

Non-time-varying covariables including parental history of type 2 diabetes, and race or 

ethnicity were captured at baseline. Categorical covariables included an indicator for 

missing data, if necessary. 

 

Additional analysis were conducted to investigate effect modification by 

parental history of diabetes (no vs. yes) and high-risk pregnancy age group (age<35 vs. 
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age>35). P-values for heterogeneity were derived from the cross-product interaction term 

coefficient (continuous dietary score x binary variable) added to the main effects 

multivariable model. We also performed interaction tests for the joint effect of BMI 

(normal weight BMI<25, overweight BMI 25-29, obese BMI 30+) and dietary pattern 

scores through a score test, fitting the model with the interaction terms constrained to 0. 

Additionally, since BMI is a possible intermediate between diet and GDM, we estimated 

the proportion of the association between dietary patterns and GDM risk that is explained 

by most recent pre-pregnancy BMI (modeled continuously), as well as the 95% 

confidence interval and p-value for significance of mediation, with a SAS macro 

developed by Spiegelman and colleagues (Harvard School of Public Health. Mediate 

SAS. www.hsph.harvard.edu/faculty.spiegelman/mediate.-mediate.sas) (34).  

 

In a sensitivity analysis, we only included first births from nulliparous women 

to reduce possible confounding by experiences from previous pregnancies. Finally, for 

each score, we modeled all of its components simultaneously to assess a 1 point increase 

in total score by a given dietary aspect, holding points from all other components 

constant. We performed this analysis to assess whether the contribution of any one or 

more individual components explained the association between the total score and GDM 

risk. SAS command PROC GENMOD was used to compute the models, accounting for 

correlation within women who contributed more than one pregnancy to the analysis (SAS 

version 9.1; SAS Institute Inc., Cary, NC, USA). 
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RESULTS 

Overall 15,254 participants met our inclusion criteria, contributing 21,376 

eligible singleton births to this analysis during 10 years of follow-up. Table 2 reports the 

participants’ baseline characteristics according to dietary pattern adherence score 

quartiles (Q1 vs. Q4). On average, participants who were in the highest quartiles reported 

more physical activity, consumed more alcohol, high a higher total energy intake, and 

were less likely to be current smokers or ever users of oral contraceptives. Women with 

better adherence also had lower pre-pregnancy BMI. The dietary pattern adherence scores 

were significantly correlated with one another (p<0.0001), with correlation coefficients 

(r) between aMED and DASH r=0.71, aMED and aHEI r=0.76, and DASH and aHEI 

r=0.74. There were 872 cases of incident first-time GDM reported during follow-up.  

 

All three dietary pattern adherence scores were significantly and inversely 

associated with a lower GDM risk. In the fully adjusted multivariable Model 3 comparing 

participants in the fourth quartile (greatest dietary pattern adherence) to those in the first 

reference quartile (lowest dietary pattern adherence), the risk of GDM was 24% lower 

with the aMED score (RR=0.76 [95% CI: 0.60, 0.95]; p-trend=0.004), 34% lower with 

the DASH score (RR=0.66 [95% CI: 0.53, 0.82]; p-trend=0.0005), and 46% lower with 

the aHEI score (RR=0.54 [95% CI: 0.43, 0.68]; p-trend<0.0001) (Table 3). Similarly, all 

three dietary patterns were significantly associated with a lower risk of GDM when 

modeled as a continuous variable for a 1 SD increase in adherence (aMED SD=1.8; 

DASH SD=4.8; aHEI SD=10.4). In the fully adjusted multivariable Model 3, a 1 SD 

increase in score was associated with a 10% lower GDM risk for the aMED pattern 
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(RR=0.90 [95% CI: 0.83, 0.97]), 15% for the DASH pattern (RR=0.85 [95% CI: 0.79, 

0.92]) and 24% for the aHEI pattern (RR=0.76 [95% CI: 0.70, 0.82]). Attenuation of the 

effect estimate after covariable adjustment was driven primarily by pre-pregnancy BMI. 

Pre-pregnancy BMI was estimated to mediate 38% ([95% CI: 18-62%]; p=0.002) of the 

association between aMED dietary pattern and GDM, 16% ([95% CI: 10-24%]; 

p<0.0001) of the association between the aHEI dietary pattern and GDM, but was not a 

statistically significant mediator of the DASH dietary pattern and GDM association (4% 

[95% CI: 0.4-34%]; p=0.4).  

 

Our modified aMED score that was created by removing the MUFA:SFA 

ratio component correlated highly to the main aMED score (r=0.96), as did the 

OMNIHeart scores to the DASH score (OMNI-protein vs. DASH r=0.95; OMNI-fat vs. 

DASH r=0.90). As expected, results with these modified dietary pattern adherence scores 

were similar to the primary adherence scores. Comparing participants the 4th quartile to 

the 1st quartile in the multivariable Model 3, adherence to the modified aMED pattern 

was associated with a 25% lower risk of GDM (RR=0.75 [95% CI: 0.61, 0.91]), OMNI-

protein with a 32% lower risk (RR=0.68 [95% CI: 0.55, 0.85]), and OMNI-fat with a 

26% lower risk (RR=0.74 [95% CI: 0.60, 0.91]). 

 

Tests for heterogeneity did not reveal significant effect modification by 

parental history of diabetes or age group (data not shown). Figure 1 shows the joint 

effects of pre-pregnancy BMI group and dietary pattern score on GDM risk, although the 

p-interactions were not statistically significant. Results were similar when the analysis 
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was restricted to first pregnancies only (n=6,350; cases=358) (data not shown). There did 

not appear to be any one dietary component driving the observed associations of the 

overall patterns in the analyses simultaneously modeling the individual dietary pattern 

components (data not shown). Several components independently contributed to the 

inverse associations between dietary patterns and GDM risk including fruit, nuts and soy, 

whole grains and cereal fiber, moderate alcohol, and decreased intakes of red and 

processed meats, trans fat, and sugary beverages. Despite high correlations between the 

diet scores, the association between the aHEI pattern and GDM risk appeared stronger 

than the aMED and DASH patterns. A post-hoc exploratory analysis was conducted to 

investigate whether the strength of this association could be explained by differences in 

scoring methods and discriminatory abilities. Scores for each component were re-derived 

based on deciles of intake for each dietary pattern, thus the patterns were scaled similarly 

and more directly comparable. Results from this analysis suggested some of the 

differences between dietary patterns could be explained by their scoring methods, 

however, the association for aHEI remained significantly inverse even after adjustment 

for aMED and DASH, suggesting that aHEI’s components themselves also contribute to 

the strength of its relationship (data not shown). 

 

DISCUSSION 

In this large prospective cohort of 21,376 pregnancies, we found that pre-

pregnancy adherence to a variety of healthful dietary patterns is associated with a robust, 

significant decrease in GDM risk. The correlation between dietary pattern adherence 

scores was high, above 0.70 for all two-way comparisons, despite unique components to 
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each diet. All three dietary patterns were significantly associated with a reduced risk of 

GDM, suggesting that a variety of factors contributing to overall diet quality may 

improve disease risk.  

 

Healthful dietary patterns have consistently been associated with a reduced 

risk of type 2 diabetes, however there are limited studies of pre-pregnancy dietary 

patterns and risk of GDM (35). A study by Zhang et al assessed pre-pregnancy dietary 

patterns derived by factor analysis and the risk of GDM in the same NHS II cohort (28). 

A prudent pattern identified by the data was positively correlated with fruit, green leafy 

vegetables, poultry, and fish, while a Western pattern was correlated with increased 

intakes of red meat, processed meat, refined grains, sweets, French fries, and pizza. 

Adherence to the prudent pattern was significantly associated with a reduced risk of 

GDM, comparing those in the highest quintile to the lowest quintile (RR=0.72 [95% CI: 

0.55, 0.93]). Similarly, those in the lowest quintile of adherence to the Western pattern 

compared to the highest quintile had a significant lower risk of GDM (RR=0.61 [95% CI: 

0.45, 0.84]). Findings from either diet suggested that both consumption of healthy foods 

and avoidance of unhealthy foods were associated with a reduced risk of GDM, and are 

consistent with our results presented here.  

  

There are several potential mechanisms that may explain the observed 

associations between pre-pregnancy dietary patterns and GDM risk, although precise 

underlying molecular mechanisms are unclear. A moderate amount of the association 

between dietary patterns and GDM risk appears to be mediated by BMI. Sensitivity 
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analyses in which BMI was adjusted for as a continuous variable did not substantially 

change the results, indicating that these findings are unlikely to be entirely explained by 

residual confounding of weight status. Prior evidence suggests that women who develop 

GDM have pre-pregnancy β-cell dysfunction and insulin resistance, compromising their 

ability to adapt to the metabolic challenges presented in pregnancy (36, 37). Adherence to 

diets such as the aMED, DASH, and aHEI may reduce GDM risk by minimizing such 

susceptibilities in the time leading up to pregnancy. Common components between the 

dietary patterns include fruit and vegetables, minimal red and processed meats, and 

carbohydrate quality. Fruits and vegetables are rich in antioxidants and photochemicals, 

dietary fiber, and micronutrients such as magnesium and vitamin C. The combination of 

these might prevent metabolic deterioration by opposing free radicals and improving 

systemic oxidative stress (38). Both plasma ascorbic acid levels and dietary Vitamin C 

intake were inversely associated with GDM risk in the prospective OMEGA cohort (39). 

In a previous study with the NHS II cohort, fruit fiber was found to be inversely 

associated with GDM risk (40). Foods such as fruits and vegetables might also indirectly 

confer a benefit by replacing harmful foods in the diet. Red and processed meats are 

sources of saturated fat, heme iron, nitrosamines, and other constituents, and have been 

associated with β-cell damage, oxidative stress, and insulin resistance, as well as incident 

GDM (28). Whole grains are high in insoluble fiber, which blunts absorption of glucose 

and subsequent insulin requirements (41), and pre-pregnancy intake has been associated 

with a reduced risk of GDM (40). The glycemic index or glycemic load is a measure of 

the carbohydrate quality and is directly correlated with glucose absorption and insulin 

rise after eating a food or meal. They have also been associated with hyperglycemia and 
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hyperinsulinemia (42). These measures have both been directly associated with incident 

GDM in the NHS II cohort (40). 

 

The analysis of dietary patterns, rather than individual foods or nutrients, 

allows one to capture the diet as a whole, including any unknown or synergistic effects 

between its components. Patterns also lead to a more comprehensive clinical and public 

health message, as foods are not eaten in isolation, but as part of meals and overall 

dietary habits. Other strengths of this analysis are that we were able to control for several 

pre-pregnancy factors and lifestyle characteristics. The largest change in the effect 

estimate was seen when adjusting for BMI, a well-known GDM risk factor. Adjustment 

for several other potential confounders led to minor changes in the relative risk; thus, it is 

unlikely that unmeasured or residual confounding would explain a substantial amount of 

the observed associations. Another strength of this analysis is the prospective assessment 

of pre-pregnancy diet. Several previous publications of pre-pregnancy diet and pregnancy 

outcomes are limited to dietary questionnaires administered after the participants became 

pregnant. Changes to diet in pregnancy or participants’ awareness of their outcome status 

might lead to exposure misclassification and/or recall bias. Capturing pre-pregnancy 

dietary data in the pre-pregnancy period avoids these limitations. Additionally, because 

our FFQs were administered every four years, we were able to compute an updated 

cumulative average of pre-pregnancy dietary pattern adherence scores for a portion of 

pregnancies accumulating 2 pre-pregnancy FFQs, thus better reflecting long-term intake, 

and reducing random within-person error and attenuation of the effect estimate towards 

the null relative risk. However, when exposure was derived from participants’ most 
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recent pre-pregnancy FFQ only, results were similar. Finally, although GDM was 

ascertained by questionnaire self-report, it has been previously validated and 

demonstrated good validity (20). 

 

We acknowledge there are limitations of this analysis. First, the NHS II cohort 

does not capture diet during pregnancy. It is likely that diet during the two time periods is 

correlated. We are therefore unable to resolve that the associations of pre-pregnancy diet 

with GDM are independent of diet during pregnancy. Future research is required to 

partition out the relative contributions of diet in these two time periods to GDM risk. 

Lastly, our study population consisted mostly of Caucasian women, thus we are unable to 

ascertain whether the association is similar across other race and ethnic groups which are 

at higher risk of GDM. However, the relative homogeneity of our population 

advantageously reduces unmeasured confounding. 

 

Overall, we found strong and consistent associations between pre-pregnancy 

adherence to several dietary patterns and a lower GDM risk. Common elements of these 

diets include a high intake of fruit, vegetables, whole grains, nuts and legumes, and a low 

consumption of red and processed meats. Further research is required to know whether 

improving one’s dietary pattern adherence during pregnancy is associated with a lower 

risk of GDM. These results suggest that clinical and public health efforts to encourage 

diets similar to the aMED, DASH, and HEI patterns for women of a reproductive age 

might yield benefits in the reduction of GDM in a future pregnancy.
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TABLE 2. Baseline (1991) characteristics by pre-pregnancy dietary pattern adherence score quartiles 

aMED DASH aHEI 

Q1 Q4 Q1 Q4 Q1 Q4 

n 3,297 3,661 3,018 3,927 3,496 4,385 

  Mean (Standard Deviation) 

Diet Score 1.6 (0.6) 6.6 (0.7) 16.9 (2.0) 30.3 (2.1) 25.0 (3.7) 51.4 (6.1) 

Age 31.4 (3.2) 32.5 (3.3) 31.5 (3.1) 32.5 (3.3) 31.5 (3.2) 32.5 (3.3) 

BMI (kilograms/meters2) 23.9 (4.9) 23.1 (4.0) 23.8 (5.0) 23.2 (4.0) 24.1 (5.0) 22.7 (3.6) 

BMI at age 18  21.1 (3.2) 20.9 (2.8) 21.0 (3.4) 21.0 (2.9) 21.2 (3.3) 20.9 (2.8) 

PA (MET-hours/week) 17.7 (23.5) 29.5 (33.6) 16.3 (21.7) 31.1 (35.2) 16.0 (22.8) 31.4 (33.8) 

Alcohol (grams/day) 2.1 (4.9) 4.0 (5.1) 2.9 (5.4) 3.0 (4.8) 1.4 (5.1) 4.7 (5.2) 

Total Energy (kcal/day) 1,570 (480) 2,130 (520) 1,600 (490) 2,090 (520) 1,560 (470) 2,090 (550) 

Carbs (%kcal/day) 48 (7) 53 (7) 47 (8) 55 (7) 48 (7) 54 (7) 

Protein (%kcal/day) 19 (4) 19 (3) 19 (4) 19 (3) 19 (3) 19 (3) 

Total Fat (%kcal/day) 33 (5) 29 (5) 34 (5) 28 (5) 34 (5) 28 (5) 

MUFA (%kcal/day) 13 (2) 11 (2) 13 (2) 10 (2) 13 (2) 11 (2) 

SFA (%kcal/day) 13 (2) 10 (2) 13 (2) 10 (2) 13 (2) 10 (2) 

Animal Fat (%kcal/day) 20 (4) 15 (4) 20 (5) 15 (4) 20 (4) 15 (4) 

trans Fat (grams/day) 3.2 (1.5) 3.2 (1.5) 3.5 (1.6) 2.9 (1.3) 3.5 (1.6) 3.0 (1.4) 

Glycemic Load 100 (40) 150 (40) 110 (40) 150 (40) 100 (40) 150 (50) 
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TABLE 2. Continued. 

 n (Percent) 

Caucasian 3,028 (92) 3,454 (94) 2,757 (91) 3,700 (94) 3,208 (92) 4,121 (94) 

Gravidity 

0 (Nulliparous) 1,307 (40) 1,480 (41) 1,271 (43) 1,535 (40) 1,255 (37) 1,982 (46) 

1 1,034 (32) 1,040 (29) 900 (30) 1,202 (31) 1,160 (34) 1,206 (28) 

2 634 (20) 750 (21) 573 (19) 773 (20) 723 (21) 792 (18) 

3 195 (6) 243 (7) 168 (6) 236 (6) 218 (6) 228 (5) 

4+ 69 (2) 180 (4) 58 (2) 99 (3) 74 (2) 98 (2) 

Smoking Status 

Never 2,337 (71) 2,567 (70) 1,990 (66) 2,871 (73) 2,558 (73) 2,992 (68) 

Former 580 (18) 836 (23) 555 (18) 848 (22) 535 (15) 1,051 (24) 

Current 376 (11) 251 (7) 467 (16) 200 (5) 396 (12) 334 (8) 

Oral Contraceptive Use 

Never 493 (15) 646 (18) 421 (14) 738 (19) 509 (15) 774 (18) 

Ever 2,803 (85) 3,014 (82) 2,595 (86) 3,188 (81) 2,986 (85) 3,608 (82) 

Parental History of Diabetes 387 (12) 382 (10) 349 (12) 393 (10) 425 (12) 459 (10) 

aMED=alternate Mediterranean Diet; DASH=Dietary Approaches to Stop Hypertension; aHEI=alternate Healthy Eating Index; 

BMI=body mass index; PA=physical activity; MET-hours=metabolic equivalent hours; kcal=kilocalories; 

MUFA=monounsaturated fatty acids; SFA=saturated fatty acids; n=number of participants; Q=quartile
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TABLE 3. Quartiles of pre-pregnancy dietary pattern adherence scores and GDM risk 

Q1 Q2 Q3 Q4 
  [Reference] RR [95% CI] RR [95% CI] RR [95% CI] p-trend 
aMED 

GDM/pregnancies 221/4,601 321/7,366 147/4,134 183/5,275 
Model 1 1.0 0.87 [0.73, 1.03] 0.66 [0.53, 0.82] 0.61 [0.49, 0.75] <0.0001 
Model 2 1.0 0.89 [0.74, 1.06] 0.70 [0.57, 0.88] 0.67 [0.54, 0.84] 0.0001 
Model 3 1.0 0.95 [0.79, 1.14] 0.76 [0.60, 0.95] 0.76 [0.60, 0.95] 0.004 

DASH 
GDM/pregnancies 232/4,213 220/5,573 227/5,806 193/5,784 
Model 1 1.0 0.69 [0.57, 0.83] 0.66 [0.54, 0.79] 0.52 [0.42, 0.64] <0.0001 
Model 2 1.0 0.75 [0.61, 0.90] 0.74 [0.61, 0.90] 0.61 [0.49, 0.76] <0.0001 
Model 3 1.0 0.77 [0.63, 0.93] 0.78 [0.64, 0.95] 0.66 [0.53, 0.82] 0.0005 

aHEI 
GDM/pregnancies 242/4,661 252/5,261 203/5,313 175/6,141 
Model 1 1.0 0.86 [0.72, 1.04] 0.64 [0.53, 0.79] 0.44 [0.36, 0.54] <0.0001 
Model 2 1.0 0.90 [0.74, 1.08] 0.67 [0.55, 0.81] 0.46 [0.37, 0.57] <0.0001 
Model 3 1.0 0.96 [0.79, 1.15] 0.75 [0.61, 0.91] 0.54 [0.43, 0.68] <0.0001 

Model 1: age (months), total energy intake (kilocalories/day: quintiles) 
Model 2: + gravidity (0, 1, 2, 3, 4+), smoking status (never, former, current), physical activity (MET-hours/week: quartiles), 
sedentary time (hours sitting home/week: 0-1, 2-5, 6-10, 11-20, 21+), parental history of type 2 diabetes (yes, no), DASH analysis 
only: alcohol (grams/day: 0, 1-14, 15+) 
Model 3:  + pre-pregnancy BMI (kilograms/meters2: categorical <23, 24-25, 26-27, 28-30, 31-34, 35+) 
GDM=gestational diabetes mellitus; aMED=alternate Mediterranean Diet; DASH=Dietary Approaches to Stop Hypertension;  
aHEI=alternate Healthy Eating Index; RR=relative risk; CI=confidence interval; Q=quartile
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FIGURE 1. Joint effect of pre-pregnancy BMI and dietary pattern adherence and 

GDM risk
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FIGURE 1 LEGEND 

Figure 1 illustrates the multivariable relative risks for the joint effects between pre-

pregnancy BMI groups (normal weight: <25, overweight: 25-29, obese: 30+) and dietary 

pattern adherence score quartiles. The reference group is normal weight in Q1 of dietary 

pattern adherence. (a) alternate Mediterranean Diet pattern (b) Dietary Approaches to 

Stop Hypertension pattern (c) alternate Healthy Eating Index dietary pattern. The 

multivariable models adjust for age (months), total energy intake (kilocalories/day: 

quintiles), gravidity (0, 1, 2, 3, 4+), smoking status (never, former, current), physical 

activity (MET-hours/week: quartiles), sedentary time (hours sitting home/week: 0-1, 2-5, 

6-10, 11-20, 21+), parental history of type 2 diabetes (yes, no), DASH analysis only: 

alcohol (grams/day: 0, 1-14, 15).  RR=relative risk; CI=confidence interval 
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APPENDIX 

FIGURE A1. Distribution of dietary pattern adherence scores (1991) among 

participants of the Nurses’ Health Study II 

(a) aMED 

 

(b) DASH 

 

(c) aHEI 
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OBJECTIVE—Whether a history of gestational diabetes mellitus (GDM) is associated with an
increased risk of hypertension after the index pregnancy is not well established.

RESEARCH DESIGN AND METHODS—We investigated the association between
GDM and subsequent risk of hypertension after the index pregnancy among 25,305 women
who reported at least one singleton pregnancy between 1991 and 2007 in the Nurses’ Health
Study II.

RESULTS—During 16 years of follow-up, GDM developed in 1,414 women (5.6%) and hy-
pertension developed in 3,138. Amultivariable Cox proportional hazardsmodel showedwomen
with a history of GDMhad a 26% increased risk of developing hypertension comparedwith those
without a history of GDM (hazard ratio 1.26 [95%CI 1.11–1.43]; P = 0.0004). These results were
independent of pregnancy hypertension or subsequent type 2 diabetes.

CONCLUSIONS—These results indicate that women with GDM are at a significant increased
risk of developing hypertension after the index pregnancy.

Diabetes Care 34:1582–1584, 2011

Increasing evidence suggests the effect
of gestational diabetes mellitus (GDM)
extends beyond pregnancy for both the

mother and child (1). For instance,
women with a history of GDM are at a
substantially higher risk of type 2 diabetes
(2); small- and large-vessel vascular dys-
function (3); cardiovascular disease; and
metabolic syndrome and its components,
including hypertension (4–7). In the
current study, we examined longitudi-
nally whether GDM is associated with
an increased risk of hypertension later
in life independent of other known risk
factors.

RESEARCH DESIGN AND
METHODS

Study population
Our analysis was conducted among the
116,671 participants of the Nurses’
Health Study II, a longitudinal pro-
spective cohort established in 1989 and
described in detail elsewhere (8). Ques-
tionnaires are distributed biennially to
update lifestyle characteristics and
health-related outcomes. Our analysis in-
cluded women if they reported at least
one pregnancy lasting .6 months be-
tween 1991 and 2001 and were free of

chronic disease. Participants were cen-
sored during follow-up at death or if they
reported a cardiovascular disease event. In
all, 25,305 participants were included.

Assessment of exposure and
outcome
A physician diagnosis of GDM was ascer-
tained by self-report on biannual question-
naires from 1989 through 2001, and has
been previously validated. GDM is an
established risk factor for type 2 diabetes
(2), which is a well-known correlate of
hypertension. Thus, we recategorized
our exposure in a secondary analysis to
examine the joint effect of GDM and
type 2 diabetes: without self-reported
GDM or type 2 diabetes, GDM only, type
2 diabetes only, or both GDM and subse-
quent type 2 diabetes.

Participants were asked on each ques-
tionnaire if they received a physician’s
diagnosis of high blood pressure (yes/
no) and the date of diagnosis, which was
also previously validated. Incident cases
were counted from the first follow-
up questionnaire (1993) through June
2007.

Statistical analysis
Participants’ person-time was computed
from the date of questionnaire return re-
porting the index pregnancy until the
date of the diagnosis of hypertension,
date of death or cardiovascular disease
event, or the date of their latest question-
naire return, whichever came first. GDM-
exposed person-time was defined from
the date of the first reported GDM diag-
nosis through the end of follow-up.

Multivariable Cox proportional haz-
ards models estimated the relative risk
(hazard ratio [HR]) and 95% CI for the
association between GDM and the sub-
sequent risk of hypertension. In addition
to computing an age-adjusted model, we
adjusted for a priori potential confound-
ers of the association between GDM and
hypertension.We conducted22 log like-
lihood ratio tests to assess whether the
association of GDM with a future risk
of hypertension was modified by family
history of hypertension (yes/no), race
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(Caucasian vs. non-Caucasian), and BMI
category (,25, 25–29, and$30 kg/m2).

RESULTS—Of the 25,305 participants
included in our analysis, 1,414 (5.6%)
were first exposed to GDM during their
index or a subsequent pregnancy.
Women with GDM were generally more
likely to be obese, have a history of
preeclampsia/toxemia, have a family his-
tory of diabetes/hypertension, and were
less likely to perform vigorous physical
activity than women without GDM (Sup-
plementary Table 1).

We documented 3,138 cases of hy-
pertension during 317,892 person-years
of follow-up. The unadjusted incidence
rate of hypertension was 1.76 cases per
100 person-years among women with
GDM, and 0.95 cases per 100 person-
years among the unexposed (Supple-
mentary Fig. 1). Table 1 reports the
age-, BMI-, andmultivariable-adjusted as-
sociations between GDM and incident hy-
pertension. In the multivariable-adjusted
model, the association was significant: ex-
posure to GDMwas associated with a 26%
increased risk of hypertension (HR 1.26
[95% CI 1.11–1.43]; P = 0.0004). There
was no evidence of effect modification by
family history of hypertension (P = 0.9 for
interaction), race and ethnicity (P = 0.6),
or BMI status (P = 0.3).

Overall, type 2 diabetes developed in
244 participants (1.0%) after the index
pregnancy and before hypertension or the
end of follow-up (Supplementary Fig. 2),
of whom 114 (47%) had been exposed to
GDM before type 2 diabetes developed.
Compared with participants without ex-
posure to GDM or to type 2 diabetes, the
multivariable HR of incident hyperten-
sion was 2.55 (95% CI 1.84–3.55; P ,
0.0001) among those who had both
GDM and subsequent type 2 diabetes.
This was similar to the HR among women

who had type 2 diabetes only (2.98 [2.17–
4.08]; P , 0.0001). The association be-
tween GDM and incidence of hypertension
remained significant among the partici-
pants who had GDM but did not subse-
quently develop type 2 diabetes (1.18
[1.03–1.36]; P = 0.02).

CONCLUSIONS—In a large prospec-
tive cohort, we found that women ex-
posed to GDM had an increased risk of
hypertension in the years after pregnancy,
even after adjusting for other major risk
factors of hypertension. The precise un-
derlying mechanisms for the observed
association are unclear. During a normal
pregnancy, insulin resistance in maternal
tissues occurs to increase the glucose
supply for the developing fetus (9). Pre-
vious research has demonstrated that
women who developed GDM had an
underlying high susceptibility to glucose
tolerance (i.e., b-cell dysfunction and
chronic insulin resistance) such that
they are more likely to develop GDM
when facing the metabolic challenges in
pregnancy. Defects in insulin sensitivity
and secretion are both related to elevated
hypertension risk. It is plausible that the
association of GDM and subsequent hy-
pertension reflects pre-existing common
risk factors for both GDM and hyperten-
sion (10,11). It is also biologically plau-
sible that our results reflect a causal
association between GDM and subse-
quent hypertension, such that lasting
metabolic and vascular damage inflicted
during a pregnancy complicated by GDM
increases the risk that hypertension will
develop years later. However, prospective
studies evaluating biologic risk factors be-
fore, during, and after pregnancy are
needed to further evaluate the causal as-
sociation hypothesis.

Our results indicate that women with
GDM are at a significantly increased risk

of hypertension compared with women
who do not have GDM. A diagnosis of
GDM may provide an opportunity to
intervene with high-risk women years
before hypertension would normally
present. Further research is needed to
understand the underlying biologicmech-
anisms, as well as to measure the effect
of GDM prevention or postpartum inter-
ventions on the long-term risk of hyper-
tension.
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ADDITIONAL INFORMATION for RESEARCH DESIGN AND METHODS 

Study Population 

The first dietary questionnaire was administered in 1991, and thus 1991 was used as our baseline 
year. Women were included in our analysis if they reported at least one pregnancy lasting greater than 6 
months between the 1991 and 2001 questionnaire cycles. The first pregnancy reported from baseline 
was considered the index pregnancy. Participants were restricted from entry into the study population if 
they reported prevalent hypertension, type 2 diabetes, use of blood pressure medication, a prior 
cardiovascular disease event, a history of pregnancy-related hypertension disorders, or GDM prior to the 
index pregnancy. Participants were censored during follow-up if they reported a cardiovascular disease 
event or if they died. In all, there were 25,305 participants included in our analysis. 

Assessment of Exposure 

 A physician diagnosis of pregnancy-related diabetes (GDM) was ascertained by self-report on 
each questionnaire biannually from 1989 through 2001. A validation study among a subgroup of this 
cohort was previously conducted with 94% of GDM reports verified by medical records (1). Among the 
confirmed GDM diagnoses, physicians were most likely to use the National Diabetes Data Group 
criteria. Of a random sample of parous women without GDM, 83% reported a glucose screening test 
during pregnancy, suggesting similar screening practices. Self-reported type 2 diabetes has been 
previously validated in the Nurses’ Health Study I cohort, comprised of similar participants (2). Among 
these participants, diabetes mellitus was confirmed in 98% of a random sample upon a blinded review of 
medical records. 

 GDM is an established risk factor for type 2 diabetes (3). Type 2 diabetes is also a well known 
correlate of hypertension. In a secondary analysis, we re-categorized our exposure into 4 groups to 
examine the joint effect of GDM and type 2 diabetes: women without self-reported GDM or type 2 
diabetes, women with GDM only, women with type 2 diabetes only, and women with both GDM and 
subsequent type 2 diabetes.  

Assessment of Outcome 

 Participants were asked on each questionnaire if they received a physician’s diagnosis of high 
blood pressure (yes/no) and the date of diagnosis. For the validation of self-reported hypertension in this 
cohort, we obtained relevant medical records from a subset of randomly selected NHS II participants 
who self-reported a new diagnosis of hypertension on the 2005 questionnaire, as well as randomly 
selected participants who denied ever receiving this diagnosis. The sensitivity of self-reported 
hypertension was 94%. The specificity of a nurse reporting no diagnosis of hypertension was 85%. 
Incident cases were counted from the first follow-up questionnaire (1993) through June, 2007. 

Assessment of Covariates 

Age, in months, was computed from reported date of birth to date of questionnaire return. 
Participants reported their current weight on each biennial questionnaire. Self-reported weight was 
highly correlated with measured weight, among a random subset of Boston-area cohort participants 
(r=0.97) (4). Body mass index (BMI) was computed as weight in kilograms divided by height in meters 
squared. Total physical activity was ascertained by frequency of engaging in common recreational 
activities. The questionnaire-based estimates correlated with detailed activity diaries (r=0.56) (5). 
Dietary information was assessed with a self-administered semi-quantitative food frequency 
questionnaire (FFQ), which has been extensively validated (6). Information from the FFQ was used to 
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quantify alcohol intake, as well as to compute DASH (Dietary Approaches to Stop Hypertension) score 
(7). Possible scores range from 8-40 points, with a higher score indicating greater adherence to the 8 
dietary components, including a high intake of fruits, vegetables, nuts and legumes, low-fat dairy, and 
whole grains, while low in sodium, sugar-sweetened beverages, and red or processed meats. 

Regular use of analgesics including acetaminophen, non-steroidal anti-inflammatory drugs, and 
aspirin, as well as parity, history of toxemia, preeclampsia, or gestational hypertension was also 
ascertained at each questionnaire cycle. In addition, we ascertained information about the participants’ 
birthweight, weight at age 18 years, self-reported race and ethnicity, smoking status, and family history 
of hypertension and diabetes. These data have also been previously validated (8; 9). 

Statistical Analysis 

Baseline differences between GDM and non-GDM participants were compared using a chi2 test 
(categorical variables) and univariate linear regression (continuous variables). Women were skipped 
from any biennial risk set in which they failed to return the questionnaire, but were eligible for reentry 
with return of successive questionnaires. Missing values for food frequency questionnaires were carried 
forward from the most recent previous questionnaire.  

Crude cumulative incidence curves were generated comparing the incidence of hypertension 
between exposure groups. Age in months was modeled continuously, while BMI (<20, 20-20.9, 21-21.9, 
22-22.9, 23-23.9, 24-24.9, 25.0-26.9, 27-28.0, 29-29.9, 30-31.9, 32-34.9, 35-39.9, 40+), BMI at age 18 
(<20, 20-24, 25-29, >30), DASH score (quintiles), physical activity (<30 minutes/week, 30-59, 60-119, 
120-209, 210), alcohol (0-4 g/day, 5-9, 10-14, 15-30, 30+), parity (1, 2, 3, 4+), participants’ birth weight 
(<5.5 lbs, 5.5-6.9, 7.0-8.4, 8.5-9.9+), oral contraceptive use (never, past, current), and smoking status 
(never, past, current) were entered into the model categorically. History of gestational hypertension, 
family history of hypertension and/or type 2 diabetes, race and ethnicity, and analgesic medication use 
were included in the models as yes/no binary response variables. Current age, BMI, parity, history of 
toxemia, preeclampsia, gestational hypertension, physical activity, medication use, alcohol, and usual 
diet was updated with each questionnaire cycle. 

ADDITIONAL RESULTS & DISCUSSION 

Appendix Figure 1 shows the unadjusted cumulative incidence of hypertension by GDM status. 
We did observed a significant interaction between GDM exposure and history of pregnancy 
hypertensive disorders (p=0.0008). Compared to participants without either pregnancy disorder, those 
with both GDM and toxemia or pregnancy hypertension had more than twice the risk of developing 
hypertension (HR=2.11 [1.65, 2.70], p<0.0001). Additionally, those with GDM only (no pregnancy 
hypertensive disorders) were at a 45% increased risk of developing hypertension during follow-up 
(HR=1.45 [1.25, 1.68], p<0.0001). 

 Appendix Figure 2 shows unadjusted cumulative incidence of hypertension when exposure is 
further stratified by exposure to type 2 diabetes. Overall, 244 (1.0%) study participants developed type 2 
diabetes after the index pregnancy and prior to either the diagnosis of hypertension or a censoring event. 
Almost half (n=114; 47%) of these participants had been exposed to GDM prior to developing type 2 
diabetes. Compared to participants without exposure to either GDM or type 2 diabetes, the multivariable 
hazard ratio of incident hypertension was 2.55 ([1.84, 3.55], p<0.0001) among those who had both 
GDM and subsequent type 2 diabetes. This was similar to the hazard ratio among subjects who had type 
2 diabetes only (HR=2.98 [2.17, 4.08], p<0.0001). The association between GDM and hypertension 
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incidence remained significant among the participants who had GDM but did not subsequently develop 
type 2 diabetes (HR=1.18 [1.03, 1.36], p=0.02). 

There are potential limitations to our study. First, incident GDM was ascertained by participant self-
report. Although this has previously been validated with exceptional accuracy, some misclassification of 
the exposure is likely. Secondly, GDM is classified in our cohort as a dichotomous exposure, although 
glucose tolerance impairment can be measured on a continuous scale, and misclassification with 
attenuation of the observed effect estimate towards the null is possible. Thirdly, to compute the time-to 
event for the cumulative incidence curves of hypertension and make sure that our covariate data was 
captured prospectively, we excluded prevalent GDM events. However, the exclusion may differentially 
exclude more future hypertension cases among exposed participants at baseline, therefore, result in an 
underestimation of the association between GDM and hypertension. Additionally, despite careful control 
for lifestyle and other factors, there might be unmeasured or residual confounding, which is possible 
with measurement error or bias in response to the questionnaires. The toxemia and pregnancy 
hypertension variables might be particularly susceptible to misclassification due to complexity in 
diagnosing these conditions 
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Supplementary Table 1. Baseline (1991) characteristics for study participants (Nurses’ Health 
Study II, N=25,444) with and without GDM 

GDM non-GDM   

n (%) n (%)   

  1,414 (5.6) 23,891 (94.4)   

  Mean (SD) Mean (SD) p-value 

Age (years) 32.7 (3.6) 32.7 (3.5) 0.9 

BMI (kg/m2) 25.2 (5.1) 23.4 (4.1) <0.0001 

BMI at Age 18 (kg/m2) 21.2 (3.2) 20.9 (2.9) 0.0002 

DASH Score (8-40) 23.7 (5.1) 24.4 (5.1) <0.0001 

Total Physical Activity (minutes/week) 243 (283) 257 (300) 0.09 

Vigorous Physical Activity 
(minutes/week) 86 (153) 98 (172) 0.006 

Smoking Pack-Years 7.8 (70) 6.2 (60) 0.40 

Alcohol Consumption (g/day) 2.4 (4.7) 2.8 (5.0) 0.003 

  % %   

History of Toxemia/Pre-
Eclampsia/Pregnancy Hypertension 12.1 5.9 <0.0001 

Family History       

Hypertension 51.3 45.8 <0.0001 

Diabetes 20.2 10.6 <0.0001 

Race       

White 90.6 92.7 <0.0001 

Black 1.1 0.9   

Hispanic 2.1 1.0   

Asian 2.8 1.8   

Other 1.3 1.9   

Parity       
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0 37.9 28.2 <0.0001 

1 31.8 28.1   

2 19.4 26.6   

3+ 10.9 17.1   

Women's Birthweight     0.0001 

<5.5 pounds 7.9 6.1   

5.5-6.9 pounds 32.1 28.3   

7.0-8.4 pounds 42.1 46.5   

8.5+ pounds 11.5 13.9   

Unknown 6.4 5.2   

Smoking Status       

Never 69.9 69.5 0.5 

Past 21.9 22.9   

Current 8.5 7.1   

Ever Oral Contraceptive Use       

Never 16.6 15.9 0.7 

Past 65.4 66.2   

Current 18.0 17.9   

Current Analgesic Medication Use       

Acetaminophen 21.9 18.6 0.002 

Aspirin 8.3 6.4 0.005 

Other Anti-Inflammatory 16.1 11.8 <0.0001 

GDM=gestational diabetes mellitus 
SD=standard deviation 
BMI=body mass index 
kg=kilograms; m=meters; g=grams 
DASH=Dietary Approaches to Stop Hypertension 
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Supplementary Figure 1. Cumulative incidence of hypertension by GDM status  
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Supplementary Figure 2. Cumulative incidence of hypertension by GDM & type 2 diabetes status 
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ABSTRACT 

Background: Adherence to the alternate Mediterranean Diet (aMED), Dietary 

Approaches to Stop Hypertension (DASH), and the alternate Healthy Eating Index 

(aHEI) dietary patterns have been inversely associated with type 2 diabetes risk in the 

general population; however their association among high risk women with a history of 

gestational diabetes mellitus (GDM) is unknown. 

Objective: This study aimed to assess adherence to healthful dietary patterns and type 2 

diabetes risk, among women with a history of GDM. 

Design: Our study included 4,413 participants from the Nurses’ Health Study II cohort 

with a history of GDM in one or more pregnancies. Participants were free of chronic 

disease (type 2 diabetes, prior cardiovascular event, cancer) at baseline and followed 

through 2007, type 2 diabetes, or death. Dietary pattern adherence scores were computed 

from usual intake of the patterns’ components, assessed by validated food frequency 

questionnaire (FFQ). Exposure was assessed from the first post-GDM FFQ and updated 

every 4 years as a cumulative average of diet scores. Multivariable Cox proportional 

hazards models estimated the relative risk (HR) and 95% confidence intervals [95% CI].  

Results: There were 515 cases of incident type 2 diabetes over 59,453 person-years of 

observation. The aMED, DASH, and aHEI dietary pattern adherence scores were 

inversely associated with diabetes risk after covariable adjustment, including age, total 

energy intake, age at first birth, parity, race or ethnicity, parental history of diabetes, oral 

contraceptive use, menopausal status, and smoking. For a 1 standard deviation increase in 

score, the aMED pattern was associated with a 20% lower risk of type 2 diabetes 

(HR=0.80 [95% CI: 0.72, 0.89] p<0.0001), DASH with a 13% lower risk (HR=0.87 [95% 
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CI: 0.78, 0.96] p=0.0006), and aHEI with a 28% lower risk (HR=0.72 [95% CI: 0.65, 

0.81] p<0.0001). Adjustment for body mass index (BMI) largely attenuated these 

findings, with aMED and aHEI reaching borderline statistical significance (aMED: 

HR=0.88 [95% CI: 0.78, 0.99] p=0.026; aHEI: HR=0.86 [95% CI: 0.76, 0.97] p=0.013), 

and DASH no longer associated with diabetes risk (HR=0.96 [95% CI: 0.86, 1.07] 

p=0.41).  

Conclusions: Adherence to healthful dietary patterns is associated with a lower risk of 

type 2 diabetes among women with a history of GDM, and may be largely mediated by 

BMI.  
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INTRODUCTION 

Gestational diabetes mellitus (GDM) is one of the most common pregnancy 

complications, affecting 7% of all pregnancies in the United States (1), and increasing 

with the current obesity epidemic (2). Likewise, the burden of type 2 diabetes is 

escalating, together with its associated mortality and morbidity including cardiovascular 

disease, retinopathy, and renal dysfunction. Compared to women with a history of 

normoglycemic pregnancies, those with prior GDM have more than a 7-fold increased 

risk of developing type 2 diabetes (3), making GDM a well-known risk factor for type 2 

diabetes among women. Clinical parameters, including the requirement of insulin during 

pregnancy, and glucose-related measures in pregnancy and in the early post-partum 

period, have been identified as predictors of progression to type 2 diabetes among women 

with a history of GDM (4). However, there is limited evidence for risk factors that are 

modifiable after a GDM pregnancy for the prevention of subsequent type 2 diabetes. 

 

Lifestyle modifications, including diet, weight loss, smoking cessation, and 

increased physical activity remain key targets of intervention for patients at risk of 

developing type 2 diabetes. Evidence from a large US-based observational cohort study 

of women estimated that 91% of incident diabetes cases could have been prevented by 

adopting a low-risk lifestyle that included a body mass index (BMI) <25 kg/m2, at least 

30 minutes per day of moderate-to-vigorous physical activity, smoking cessation, a diet 

low in saturated and trans fats and glycemic load, and high in cereal fiber and 

polyunsaturated fats, with moderate alcohol intake (5). These observational findings were 

supported by the Diabetes Prevention Program randomized trial among participants with 
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pre-diabetes, which found that an intensive lifestyle intervention reduced the incidence of 

diabetes by 58% vs. placebo, which was significantly greater than the 31% reduction by 

pharmaceutical intervention vs. placebo (6). Since women with a history of GDM 

comprise a high-risk group, it is crucial to identify the effect of modifiable lifestyle 

factors such as diet, for the prevention of type 2 diabetes.  

 

Several dietary patterns including the alternate Mediterranean Diet (aMED), 

Dietary Approaches to Stop Hypertension (DASH), and alternate Healthy Eating Index 

(aHEI), have been inversely associated with type 2 diabetes risk and other cardiovascular 

disease endpoints in the general population (7-9). The aMED score was adapted for the 

US population from a previously published pattern by Trichopoulou et al (10, 11), based 

on the traditional Mediterranean diet. The DASH score was developed by Fung et al (12) 

to measure adherence to the DASH diet, a dietary pattern originally put forth by Sacks et 

al (13) for the reduction of blood pressure. McCullough et al evolved the aHEI score 

(14), which was modified from the USDA’s Healthy Eating Index (15), originally 

designed to assess adherence to the 1995 Dietary Guidelines for Americans (16). If 

healthful dietary patterns such as these are inversely associated with risk of type 2 

diabetes among women with a history of GDM, it would be crucial to emphasize post-

partum and life-long dietary modifications to prevent progression. Thus, the aim of this 

analysis is to estimate associations between dietary patterns after GDM and type 2 

diabetes risk in a large prospective cohort. 
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SUBJECTS AND METHODS 

Source Population 

Our study evaluated the association between adherence to healthful dietary 

patterns and incident type 2 diabetes in a subgroup of women with a history of GDM 

within the Nurses’ Health Study II (NHS II) prospective cohort. The ongoing NHS II 

cohort was established in 1989 with the enrollment of 166,671 female nurses, ages 24-44 

at baseline (17). The 1989 questionnaire captured date of birth, height and weight, parity, 

information regarding medical, diagnostic, and prescription history, and a range of other 

exposure variables. Questionnaires are distributed every two years to update these 

characteristics and to capture incident health outcomes. In 1991 and every 4 years 

thereafter, a supplemental semi-quantitative food frequency questionnaire (FFQ) is 

included (18). The FFQ is designed to capture average intake of various food items over 

the past year and has been extensively validated (19-21). Participants report the 

frequency in which they usually consume a standard portion size of a given food item, 

ranging from “never” to “6 or more times/day”. A validation study was conducted in a 

similar cohort of female participants and found the average correlation coefficient 

between food items from the FFQ and multiple diet records was 0.52, ranging from 0.08 

for “spinach and other greens” to 0.90 for tea (21). This study has been approved by the 

institutional review board of the Partners Health Care System (Boston, MA, USA), with 

participants’ consent implied by the return of the questionnaires. Follow-up for each 

questionnaire cycle is greater than 90%. 
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Study Population 

Participants were eligible for this analysis if they reported a history of GDM 

at baseline (1991). Women also became eligible for inclusion into the GDM cohort 

during follow-up if they reported incident GDM through the 2001 questionnaire, as 

investigators ceased update of GDM occurrence after 2001. Participants were restricted 

from entry into the cohort if they reported chronic disease (type 2 diabetes, 

cardiovascular disease event, cancer) prior to their GDM pregnancy or before the return 

of their first post-GDM FFQ, a multiple birth pregnancy, missing dietary exposure 

information, more than 70 FFQ items left blank, or unrealistic total energy intake (<500, 

>3,500 kilocalories/day). 

 

Exposure Assessment 

Three dietary pattern adherence scores (aMED, DASH, and aHEI) were 

computed for each FFQ cycle occurring after the first reported GDM pregnancy.  The 

components included in the scoring of each pattern are outlined in a previous publication 

(22). Justification for inclusion of each component has been described in detail elsewhere 

(11, 12, 14). Points were allotted for each component based on the patterns’ individual 

scoring methods, and were derived for each FFQ year in the overall NHS II population. 

Total scores are the sum of the points earned across the dietary components, with a higher 

score indicating greater adherence. Possible total scores range from 0-8 for aMED, 8-39 

for DASH, and 2.5-87.5 for aHEI. Scores were updated for each questionnaire cycle in 

which a FFQ was distributed as the cumulative average of all scores since GDM was first 

reported. This was performed to reduce random within-person error and to represent 
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long-term usual intake. Updating of the exposure ceased if a participant reported incident 

chronic disease (cardiovascular disease, cancer) to avoid reverse causation. Missing 

exposure data was carried forward from the most recent post-GDM FFQ for which data 

were captured. 

 

To derive the aMED score, participants were assigned 1 point for being above 

the median of servings/day for each component, with the exception of red and processed 

meats, which was scored 1 point for being below the median intake. Alcohol 

consumption earned 1 point for moderate intake, defined as 5-15 grams/day (23). One 

component of the aMED score is an increase in monounsaturated-to-saturated fat ratio 

(MUFA:SFA). However, a prior publication from a similar cohort of US women suggests 

that this component might be poorly represented in Western diets, where the primary 

source of monounsaturated fats are beef and meat, rather than the healthful olive and 

plant-based oils found in the traditional diets of the Mediterranean region (24) (25). Since 

red and processed meats have been positively associated with type 2 diabetes risk (26), 

we conducted a sensitivity analysis for the aMED dietary pattern in which the 

MUFA:SFA component was removed from calculation of the total scores.  

 

Participants’ DASH scores were computed similar to the aMED score (13), 

receiving points based on their quintile of intake (servings/day) for a given component. 

For example, a participant in the 3rd quintile for vegetables intake earned 3 points. Points 

for sweetened beverages were derived from quartiles of usual intake, as there was less 

variability for this component. Scoring was reversed for the components of red and 



67 
 

processed meats, sugar-sweetened beverages, and sodium, with participants receiving 

more points for less consumption. 

 

For the aHEI pattern, points were allotted for intake of each component on a 

scale from 0-10, with 10 indicating adherence to the recommended levels of intake, 0 for 

the worst intake, and intermediate scores categorized proportionately. Multivitamin use 

was scored based on duration of use, giving 2.5 points for 0-4 years of use and 7.5 points 

for >5 years of use. 

 

Outcome Assessment 

Participants are mailed a supplemental questionnaire if they self-report a 

physician’s diagnosis of type 2 diabetes on the main biennial questionnaire. From this 

additional information, confirmed cases were defined from the National Diabetes Data 

Group classification (27) as those reporting at least one of the following: one or more 

classic symptoms (excessive thirst, polyuria, unintentional weight loss, hunger) and 

fasting plasma glucose concentration >140 mg/dL (7.8 mmol/L) or random plasma 

glucose >200 mg/dL (11.1 mmol/L); no symptoms reported but two or more elevated 

plasma glucose concentrations on more than one occasion (fasting >140 mg/dL, random 

>200, 2-hour oral glucose tolerance test >200 mg/dL); or hypoglycemic medication use 

(insulin or oral hypoglycemic agent). Diagnostic criteria was changed in June 1998 to 

adopt a new diagnostic threshold for fasting plasma >126 mg/dL (7.0 mmol/L) (28). A 

subgroup validation study was conducted in a similar cohort of US female nurses, 

comparing our classification against medical records with high accuracy (29). 
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Covariable Assessment 

Age, in months, was computed from reported date of birth to date of 

questionnaire return for each risk set. BMI was computed as weight in kilograms divided 

by height in meters squared. Self-reported weight was highly correlated with measured 

weight among a random subset of Boston-area cohort participants (r=0.97) (30). Total 

physical activity was ascertained by frequency of engaging in common recreational 

activities, from which MET-hours per week were derived. The questionnaire-based 

estimates correlated well with detailed activity diaries in a prior validation study (r=0.56) 

(31). Other relevant covariables captured on the biennial questionnaires included age at 

first birth, oral contraceptive use, menopausal status, smoking status, self-reported race 

and ethnicity, and parental history of hypertension and diabetes. Parity was defined as the 

number of pregnancies lasting greater than 6 months. Total energy intake was calculated 

by summing up energy from all foods reported on in the FFQ. Many of these variables 

have also been previously validated (32, 33). 

 

Statistical Analysis 

Baseline characteristics were derived from the questionnaire period in which 

participants first reported a GDM pregnancy. We computed pair-wise Pearson 

correlations between scores to assess overlap of the exposures. Person-time was 

computed from the date of GDM diagnosis to the date of type 2 diabetes diagnosis, death, 

or June 1, 2007, whichever came first. Cox proportional hazards models, stratified by 2-

years time periods since GDM diagnosis and age, were used to estimate the relative risk 

(HR) and 95% confidence interval [95% CI] for associations between dietary pattern 
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adherence and risk of incident type 2 diabetes. Scores were analyzed continuously for a 1 

standard deviation (SD) increase in adherence, and categorically in quartiles, with the 

lowest adherence (Q1) as the reference group. Chi2 tests for trend across quartiles were 

computed by modeling the median scores of each quartile as a continuous variable. Our 

first multivariable model adjusted for age and total energy intake. Additional 

multivariable models further adjusted for possible confounders including parity, age at 

first birth, race and ethnicity, parental history of type 2 diabetes, oral contraceptive use, 

menopausal status, smoking status, and subsequently, BMI. Alcohol intake (grams/day) 

was also included in DASH models, as this was not a component of the score and is a 

potential lifestyle confounder. Time-varying lifestyle covariables were updated 

biennially. Categorical covariables included an indicator variable for missing data, if 

necessary. 

 

Secondary analyses assessed effect modification by overweight status (BMI: 

<25 vs. >25), parental history of type 2 diabetes (no vs. yes), physical activity (MET-

hours per week: 0-15.4 vs. >15.5), and time since GDM pregnancy. P-values for 

heterogeneity were derived from 1 degree of freedom -2 log likelihood ratio test chi2 

statistics, comparing the main effects model with and without the addition of the 

multiplicative interaction term. An analysis of each patterns’ components was also 

conducted, modeling all components simultaneously to assess a 1 point increase in total 

score by a given dietary factor. This was performed to assess whether the contribution of 

individual components could explain the associations observed between the total score 

and diabetes risk. In an additional sensitivity analysis to reduce potential screening bias, 
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we restricted cases to those reporting at least 1 classic diabetic symptom at the time of 

diagnosis. SAS version 9.1 was used for all analyses (SAS Institute Inc., Cary, NC, 

USA). 

 

RESULTS 

Overall 4,413 participants with a history of GDM met our inclusion criteria, 

contributing 59,453 person-years of observation. During 14 years of follow-up, 515 

(11.7%) developed type 2 diabetes. Table 1 reports the participants’ baseline 

characteristics, stratified by Q1 and Q4. On average, participants in the fourth quartile 

with the best dietary adherence had a lower BMI, consumed more alcohol, had a higher 

percent of total calories from carbohydrates and a lower percent from animal fat, were 

less likely to be current smokers, and were less likely to have a parental history of 

diabetes. The dietary pattern adherence scores were significantly correlated with one 

another (p<0.0001), with baseline FFQ correlation coefficients (r) between aMED and 

DASH r=0.72, aMED and aHEI r=0.76, and DASH and aHEI r=0.73. 

 

All three dietary pattern adherence scores were associated with a strong 

inverse risk of type 2 diabetes in the age- and total energy intake-adjusted Model 1 

(Table 2). Adjustment for other confounding covariables in Model 2 did not substantially 

change the findings; however, adjustment for BMI in Model 3 attenuated effect estimates 

for all three dietary patterns. For a 1 SD increase in score, greater adherence to the aMED 

dietary pattern was associated with a modest but significant 12% lower diabetes risk 

(HR=0.88 [95%CI: 0.78, 0.99] p=0.026), and aHEI with a 14% lower risk (HR=0.86 
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[95% CI: 0.76, 0.97] p=0.013). Adherence to the DASH dietary pattern was not 

significantly associated with diabetes risk independent of BMI (HR=0.96 [95% CI: 0.86, 

1.07] p=0.41). Findings were similar when scores were modeled categorically, although 

p-trends were borderline statistically significant after adjustment for BMI (Table 3). 

Participants with the highest adherence (Q4) compared to those with the least adherence 

(Q1) had a borderline 24% lower risk of type 2 diabetes for the aMED pattern (HR=0.76 

[95% CI: 0.55, 1.04]; p-trend=0.094), a 27% lower risk of for DASH (HR=0.73 [95% CI: 

0.54, 1.00]; p-trend=0.14), and a 33% lower risk for aHEI (HR=0.67 [95% CI: 0.48, 

0.93]; p-trend=0.056). 

 

Tests for heterogeneity did not suggest effect modification by parental history 

of diabetes or physical activity level for all three dietary patterns (data not shown). Effect 

modification by time since GDM was significant for aHEI at 16 years of follow-up, with 

evidence for a stronger inverse association among participants with greater than 16 years 

since GDM diagnosis (data not shown). There was a trend for heterogeneity between 

dietary patterns and BMI group, although the interaction only reached statistical 

significance for aHEI (aMED p-interaction=0.26; DASH p-interaction=0.10; aHEI p-

interaction=0.023). Upon further exploration, the inverse association between diet and 

absolute risk of type 2 diabetes appeared to be greater among participants with a BMI 

>25 (Figure 1). This is possibly due to the fact that 90% of the type 2 diabetes cases 

occurred in the BMI >25 strata, leaving minimal statistical power among the BMI <25 

group, with whom the inverse trend was not significant.  
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When we assessed the association between a 1-point increase by an individual 

dietary component in the multivariable model, including all other pattern components 

simultaneously, several factors from the aMED and aHEI dietary patterns were inversely 

associated with incident type 2 diabetes. For the aMED pattern this included vegetable 

intake, fish and seafood, and moderate alcohol consumption. For the aHEI pattern this 

included an increased white-to-dark meat ratio, cereal fiber, and moderate alcohol 

consumption. Findings from sensitivity analyses gave results similar to our primary 

analysis. Removing the MUFA:SFA ratio from the aMED score produced similar results, 

with a 12% lower risk of diabetes for a 1 SD increase in the modified score (HR=0.88 

[95% CI: 0.78, 0.98] p=0.025). Including only symptomatic cases of type 2 diabetes gave 

similar effect estimates to our primary analyses although statistical power was reduced. 

 

DISCUSSION 

In this large prospective cohort of 4,413 women with a history of GDM, we 

found that adherence to healthful dietary patterns is inversely associated with progression 

to type 2 diabetes. All three dietary patterns were significantly correlated with one 

another, despite unique components to each diet. Greater adherence to the aMED and 

aHEI dietary patterns in particular were inversely associated with diabetes risk 

independent of BMI, suggesting that a variety of factors contributing to overall diet 

quality improve risk of progression to type 2 diabetes after GDM.  

 

The association between a healthful diet and diabetes risk has been examined 

in a number of prior studies (34), although this is the first to assess such a relationship in 
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a cohort of women with a history of GDM. The Diabetes Prevention Program clinical 

trial enrolled individuals with impaired glucose tolerance at baseline, including 350 

women with a history of GDM (35). Despite having similar severity of glucose and 

insulin parameters at baseline, women with a history of GDM had a significantly higher 

cumulative incidence of type 2 diabetes after three years of follow-up, compared to 

parous women without GDM (38.4% vs. 25.7%). Nonetheless, the GDM lifestyle 

intervention group experienced a similar risk reduction to the non-GDM lifestyle 

intervention group, compared to placebo (53% vs. 49%). The lifestyle intervention 

involved physical activity, diet, and weight loss goals, so the findings are not specific to 

dietary modifications.  

 

Plausible biological mechanisms may explain the observed associations 

between the overall dietary patterns and their individual components and the delay or 

prevention of progression from GDM to type 2 diabetes. Evidence suggests that women 

with prior GDM have diminished β-cell function. Thus, interventions to increase insulin 

sensitivity may minimize β-cell compensation, preserving their capacity over time (36, 

37). Carbohydrate quality, vegetables, fruit, low red and processed meat intake, and low 

saturated fat are common characteristics between the dietary patterns included in this 

analysis. Carbohydrate quality, reflected by increased intake of whole grains or cereal 

fiber, may mitigate β-cell demands by blunting intestinal glucose absorption and 

downstream insulin burden (38). Glycemic index or glycemic load are measures of this 

insulin rise after glucose uptake, and have been associated with chronic hyperglycemia 

and hyperinsulinemia (39). Vegetables and fruit are high in micronutrients such as 
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magnesium, antioxidants like vitamins C and E, phytochemicals, and fiber, leading to 

reductions in free radical-induced oxidative stress, a pathology correlated with pancreatic 

tissue damage (40, 41). Fish and seafood was inversely associated with diabetes risk as a 

component of the aMED dietary pattern in our study, and is a source of omega-3 

polyunsaturated fatty acids, vitamin D, protein, and selenium. Current evidence between 

polyunsaturated fatty acids and diabetes risk is mixed. Inverse associations in the 

observational literature have largely not been supported by short-term trials of fatty acid 

supplementation and markers of insulin resistance (42); thus, it is unclear which elements 

of seafood might benefit diabetes risk. Increases in healthful dietary factors may also 

incur a benefit by replacing harmful food options. For example, substitutions of red meat 

servings with several other foods (nuts, fish, whole grains, poultry) were associated with 

reduced risks of developing type 2 diabetes in a previous analysis conducted among 

initially healthy women  (43). Constituents of red and processed meat include heme iron, 

a pro-oxidant that may lead to increased oxidative stress, with potential for damage 

similar to that described above (26). Nitrosamines, a group of compounds formed within 

many processed red meats, are created during digestion and with certain cooking 

methods, and have been associated with insulin resistance, decreased insulin secretion, 

and diabetes in animal studies (44). Moderate alcohol consumption was associated with a 

reduced risk of type 2 diabetes as a component of the aMED and aHEI dietary patterns. 

The mechanism by which alcohol may prevent diabetes is unclear, although consumption 

has been associated with improved insulin sensitivity and HDL concentration, and 

suppressed gluconeogenesis (45). 
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Although several macronutrients, micronutrients, and individual foods have 

been associated with diabetes risk, assessment of dietary patterns offers a comprehensive 

and complimentary approach of the association between diet and disease. Additionally, 

dietary patterns may be more applicable to public health interventions, as people tend to 

consume complex and diverse meals rather than individual components in isolation. 

Analyzing food patterns also accounts for any interactions or synergistic effects between 

individual foods or nutrients. Other strengths of this analysis include our adjustment for 

several confounding lifestyle factors. With the exception of BMI, there were minimal 

changes in the effect estimates after adjustment for several well-known diabetes risk 

factors; thus, it seems unlikely that unmeasured or residual confounding would account 

for the observed associations. Exposure assessment by validated FFQ was an additional 

strength of this analysis. The prospective cohort design eliminated recall bias, and 

cumulative update of repeated exposure measures reduced misclassification from random 

within-person error and better represented long-term intake.  

 

There are some limitations to this analysis. First, since the majority of our 

study population was Caucasian Americans, we are unable to ascertain whether our 

findings are similar across other race and ethnic groups. For other populations, the 

components of the aMED, DASH, and aHEI dietary patterns might come from food 

sources other than those found in the NHSII cohort, and therefore confer different effects 

in diabetes prevention. However, the relative homogeneity of our population 

advantageously reduces potential sources of unmeasured confounding. Second, screening 

bias is a concern when there is a potential for more health-conscious women to regularly 
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see a physician, thus increasing their chance of receiving a diagnosis. Similar results were 

seen when we restricted cases to symptomatic type 2 diabetes, minimizing concerns for 

this bias. 

 

Overall, we observed significant inverse associations between increased 

adherence to the aMED and aHEI dietary patterns and incident type 2 diabetes among 

women with a history of GDM. Identifying post-partum modifiable risk factors and 

increased education is crucial for the prevention of type 2 diabetes after GDM. This 

analysis is the first of its kind to address diet and diabetes risk in this high risk 

population. Post-partum randomized clinical trials are warranted to assess whether such 

dietary interventions are feasible for the prevention of type 2 diabetes among women 

with a history of GDM. These results suggest that public health efforts targeting women 

with a history of GDM should encourage diets rich in whole grains, fruit and vegetables, 

protein sources such as white meat, seafood, nuts and legumes, and a reduced intake of 

red and processed meats. 
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TABLE 1. Baseline characteristics by dietary pattern adherence score quartiles among women with a history of GDM 
 

aMED DASH aHEI 

Q1 Q4 Q1 Q4 Q1 Q4 

n 957 1,077 1,067 1,118 1,113 1,159 

  Mean (Standard Deviation) 

Diet Score 1.5 (0.6) 6.6 (0.7) 17.0 (2.1) 30.0 (2.2) 25.5 (4.0) 52.4 (6.7) 

Age 37.3 (4.8) 38.1 (4.8) 37.9 (4.9) 38.0 (4.8) 37.3 (4.8) 38.3 (4.8) 

BMI (kilograms/meters2) 28.0 (7.1) 26.2 (6.0) 28.0 (7.0) 26.2 (5.9) 28.2 (7.1) 25.6 (5.6) 

BMI at 18  21.8 (3.8) 21.1 (3.1) 21.6 (3.8) 21.2 (3.1) 21.8 (3.9) 21.0 (3.1) 

Age at First Birth 27.1 (4.9) 27.8 (5.0) 27.3 (4.9) 28.2 (5.1) 26.9 (4.9) 28.1 (5.1) 

PA (MET-hours/week) 13.1 (18.4) 21.5 (24.3) 12.9 (18.1) 22.3 (24.4) 12.8 (18.2) 23.0 (26.4) 

Alcohol (grams/day) 1.6 (4.6) 3.1 (4.5) 1.9 (4.4) 2.7 (4.9) 0.9 (3.6) 3.9 (5.0) 

Total Energy (kcal/day) 1,610 (510) 2,220 (540) 1,680 (540) 2,170 (540) 1,600 (490) 2,230 (570) 

Carbs (%kcal/day) 47 (8) 52 (7) 47 (8) 53 (7) 47 (7) 52 (7) 

Protein (%kcal/day) 19 (4) 19 (3) 19 (4) 20 (3) 19 (4) 19 (3) 

MUFA (%kcal/day) 13 (2) 12 (2) 14 (2) 11 (2) 14 (2) 11 (3) 

SFA (%kcal/day) 13 (2) 10 (2) 13 (3) 10 (2) 13 (2) 10 (2) 

Animal Fat (%kcal/day) 21 (5) 15 (4) 21 (5) 15 (4) 21 (5) 15 (4) 

trans Fat (grams/day) 3.5 (1.8) 3.6 (1.7) 3.8 (1.8) 3.2 (1.4) 3.7 (1.8) 3.3 (1.5) 

Glycemic Load 105 (45) 150 (45) 110 (45) 150 (45) 100 (40) 155 (45) 
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TABLE 1. Continued. 

 n (Percent) 

Caucasian 872 (91.1) 970 (90.1) 963 (90.1) 1015 (90.1) 1014 (91.1) 1054 (90.9) 

Parity             

1 199 (20.8) 200 (18.6) 218 (20.4) 230 (20.6) 234 (21.0) 239 (20.6) 

2 421 (44.0) 492 (45.7) 487 (45.6) 492 (44.0) 491 (44.1) 514 (44.4) 

3 213 (22.3) 258 (24.0) 218 (20.4) 264 (23.6) 241 (21.7) 270 (23.3) 

4+ 105 (11.0) 95 (8.8) 118 (11.1) 101 (9.0) 124 (11.1) 105 (9.1) 

Smoking Status             

Never 608 (63.5) 726 (67.4) 667 (62.5) 745 (66.6) 741 (66.6) 744 (64.2) 

Past 199 (20.8) 274 (25.4) 209 (19.6) 304 (27.2) 206 (18.5) 324 (28.0) 

Current 150 (15.7) 74 (6.9) 191 (17.9) 67 (6.0) 165 (14.8) 88 (7.6) 

Oral Contraceptive Use             

Never 100 (10.5) 151 (14.0) 100 (9.4) 162 (14.5) 118 (10.6) 161 (13.9) 

Past 783 (81.8) 847 (78.6) 880 (82.5) 886 (79.3) 899 (80.8) 911 (78.6) 

Current 72 (7.5) 79 (7.3) 83 (7.8) 70 (6.3) 93 (8.4) 86 (7.4) 

Parental History of Diabetes 254 (26.5) 271 (25.2) 274 (25.7) 219 (23.3) 315 (28.3) 276 (23.8) 

 aMED=alternate Mediterranean Diet; DASH=Dietary Approaches to Stop Hypertension; aHEI=alternate Healthy Eating Index; 

BMI=body mass index; PA=physical activity; MET-hours=metabolic equivalent hours; kcal=kilocalories; 

MUFA=monounsaturated fatty acids; SFA=saturated fatty acids; n=number of participants; Q=quartile
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TABLE 2. Continuous increase (1 SD^) of dietary pattern adherence scores and type 2 diabetes risk among women with a 
history of GDM 

  aMED DASH aHEI 

HR 95% CI p-value HR 95% CI p-value HR 95% CI p-value 

Model 1 0.81 [0.73, 0.90] <0.0001 0.85 [0.77, 0.94] 0.0016 0.73 [0.66, 0.82] <0.0001

Model 2 0.80 [0.72, 0.89] <0.0001 0.87 [0.78, 0.96] 0.0058 0.72 [0.65, 0.81] <0.0001

Model 3 0.88 [0.78, 0.99] 0.026 0.96 [0.86, 1.07] 0.41 0.86 [0.76, 0.97] 0.013 

^ aMED SD=1.9; DASH SD=5.0; aHEI SD=10.9 

Model 1: age (months), total energy intake (kilocalories/day) 

Model 2: + parity (1, 2, 3, 4+), age at first birth (12-24, 25-29, 30+), race/ethnicity (Caucasian, African-American, Hispanic, 

Asian, other), parental history of type 2 diabetes (yes, no), oral contraceptive use (current, former, never), menopausal status 

(premenopausal, peri-menopausal, post-menopausal), smoking status (never, former, current), DASH analysis only: alcohol 

(grams/day: 0, 1-14, 15+) 

Model 3:  + BMI (kg/m2: categorical <23, 24-25, 26-27, 28-30, 31-35, 36+) 

GDM=gestational diabetes mellitus; aMED=alternate Mediterranean Diet; DASH=Dietary Approaches to Stop Hypertension; 

aHEI=alternate Healthy Eating Index; SD=standard deviation; HR=hazard ratio; CI=confidence interval  
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TABLE 3. Quartiles of dietary pattern adherence scores and type 2 diabetes risk among women with a history of GDM 
Q1 Q2 Q3 Q4

  [Reference] HR [95% CI] HR [95% CI] HR [95% CI] p-trend 

aMED 

cases/PY                

(rate per 1,000 PY) 

141/13,867 

(1.02) 

151/17,952        

(0.84) 

131/12,514         

(1.05) 

110/15,120         

(0.73)  

Model 1 1.0 0.80 [0.62, 1.03] 0.82 [0.62, 1.08] 0.62 [0.46, 0.82] 0.0011 

Model 2 1.0 0.79 [0.61, 1.03] 0.80 [0.61, 1.07] 0.59 [0.43, 0.79] 0.0005 

Model 3 1.0 0.87 [0.66, 1.14] 0.93 [0.69, 1.24] 0.76 [0.55, 1.04] 0.094 

DASH 

cases/PY                

(rate per 1,000 PY) 

157/14,221 

(1.10) 

118/15,431        

(0.76) 

135/14,874        

(0.91) 

105/14,927          

(0.70)  

Model 1 1.0 0.68 [0.52, 0.89] 0.76 [0.59, 0.99] 0.56 [0.42, 0.74] 0.0002 

Model 2 1.0 0.71 [0.54, 0.93] 0.78 [0.60, 1.02] 0.56 [0.42, 0.75] 0.0005 

Model 3 1.0 0.73 [0.55, 0.97] 0.89 [0.67, 1.17] 0.73 [0.54, 1.00] 0.14 

aHEI 

cases/PY                

(rate per 1,000 PY) 

159/14,686 

(1.08) 

134/15,395        

(0.87) 

128/14,779         

(0.87) 

94/14,594           

(0.64)  

Model 1 1.0 0.71 [0.55, 0.91] 0.63 [0.48, 0.82] 0.44 [0.33, 0.60] <0.0001

Model 2 1.0 0.72 [0.55, 0.93] 0.62 [0.47, 0.82] 0.43 [0.32, 0.58] <0.0001

Model 3 1.0 0.78 [0.59, 1.03] 0.76 [0.57, 1.01] 0.67 [0.48, 0.93] 0.056 
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Model 1: age (months), total energy intake (kcal/day) 

Model 2: + parity (1, 2, 3, 4+), age at first birth (12-24, 25-29, 30+), race/ethnicity (Caucasian, African-American, Hispanic, 

Asian, other), parental history of type 2 diabetes (yes, no), oral contraceptive use (current, former, never), menopausal status 

(premenopausal, peri-menopausal, post-menopausal), smoking status (never, former, current), DASH analysis only: alcohol 

(grams/day: 0, 1-14, 15+) 

Model 3:  + BMI (kg/m2: categorical <23, 24-25, 26-27, 28-30, 31-35, 36+) 

GDM=gestational diabetes mellitus; aMED=alternate Mediterranean Diet; DASH=Dietary Approaches to Stop Hypertension; 

aHEI=alternate Healthy Eating Index; HR=hazard ratio; CI=confidence interval; PY=person-years 
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FIGURE 1. Joint effect of BMI group and dietary pattern adherence score quartiles 

and type 2 diabetes risk among women with a history of GDM 
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(c) aHEI 

 

 

 

FIGURE 1 LEGEND 

Figure 1 illustrates the multivariable relative risks for the joint effect of BMI group 

(normal weight: <25, overweight/obese: 25+) and dietary pattern adherence score 

quartiles. The reference group is normal weight in Q1 of dietary pattern adherence. (a) 

alternate Mediterranean Diet pattern (b) Dietary Approaches to Stop Hypertension pattern 

(c) alternate Healthy Eating Index dietary pattern. The multivariable models adjust for 

age (months), total energy intake (kcal/day), parity (1, 2, 3, 4+), age at first birth (12-24, 

25-29, 30+), race/ethnicity (Caucasian, African-American, Hispanic, Asian, other), 

parental history of type 2 diabetes (yes, no), oral contraceptive use (current, former, 

never), menopausal status (premenopausal, peri-menopausal, post-menopausal), smoking 

status (never, former, current), DASH analysis only: alcohol (grams/day: 0, 1-14, 15+).  

HR=hazard ratio; CI=confidence interval; Q=quartile 
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APPENDIX 

FIGURE A1. Distribution of baseline dietary pattern adherence scores among Nurses’ 

Health Study II participants with a history of GDM 

(a) aMED 

 

(b) DASH 

 

(c) aHEI 
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CONCLUDING REMARKS 

 

Findings from the research presented here contribute to the plausibility that at 

least a portion of GDM is preventable with lifestyle modifications, including physical 

activity and adherence to healthful dietary patterns. The ramifications of a pregnancy 

complicated by GDM extend beyond childbirth and include metabolic morbidities such 

as type 2 diabetes and hypertension, which might be mitigated by adherence to healthful 

dietary patterns. Further research, including randomized clinical trials, will strengthen the 

evidence of these observational associations. Additionally, mechanistic studies are 

necessary to determine the responsible biological pathways. Nonetheless, these 

limitations should not deter clinicians and policy makers to encourage adaptation of a 

healthier lifestyle. The relevant audience for these public health messages includes 

women of reproductive age. Fortunately, this group is comprised of a unique subset of the 

population, one that is often exceptionally motivated to seek and comply with 

recommendations for the sake of fetal health and development. The perinatal period is a 

time of elevated awareness of one’s own health, and an emphasis should be placed on 

chronic disease prevention, despite the relatively short gestational time frame. Increased 

health-consciousness during pregnancy may also carry-over to long-term lifestyle 

changes. Public health messages should also extend both before and beyond the perinatal 

period. As demonstrated in these findings, pre-pregnancy lifestyle matters; whether it 

directly influences the development of GDM, indirectly reduces risk by developing habits 

that last through pregnancy, or both, is not yet determined. The post-partum period also 

has immense potential. If women are made aware of their risk for chronic diseases years 

in advance, they might be more easily encouraged to opt for prevention now versus 

intervention later. 


