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Abstract

Background/Objective: Poor dietary quality, measured by the Healthy Eating Index 2010 (HEI-2010), is
associated with risk of gestational diabetes mellitus (GDM) and type 2 diabetes. The aim was to investigate the
association between dietary quality and glycemic control in women with GDM.
Materials and Methods: The study included 1220 women with GDM. Dietary quality was calculated by HEI-
2010 score from a Food Frequency Questionnaire administered shortly after GDM diagnosis; higher scores
indicate higher dietary quality. Subsequent glycemic control was defined as ‡80% of all capillary glucose
measurements meeting recommended clinical targets below 95 mg/dL for fasting, and below 140 mg/dL 1-hour
glucose after meals.
Results: As compared with Quartile 1 of HEI-2010 score, Quartiles 2, 3, and 4 showed increased adjusted odds
of overall optimal glycemic control (odds ratio [95% confidence interval] 1.90 [1.34–2.70], 1.77 [1.25–2.52],
and 1.55 [1.09–2.20], respectively). Increased odds of glycemic control were observed in Quartiles 2, 3, and 4
as compared with Quartile 1 of HEI-2010 score for 1-hour postbreakfast and 1-hour postdinner. Mean capillary
glucose was lower in Quartiles 2, 3, and 4 of HEI-2010 score when compared with Quartile 1 for 1-hour
postdinner ( p = 0.03).
Conclusions: Clinicians should be aware that even a small improvement in diet quality may be beneficial for
the achievement of improved glycemic control in women with GDM. Trial registration: Clinical Trials.gov
number, NCT01344278.
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Introduction

Gestational diabetes mellitus (GDM) is a metabolic
disorder of pregnancy that complicates, on average, 8%

of pregnancies in the United States each year.1 GDM in-
creases the rate of perinatal complications, such as macro-
somia, shoulder dystocia, Cesarean section, and hypertension
in pregnancy, and improving glycemic control during a
pregnancy complicated by GDM can mitigate this risk.2

First-line treatment for GDM is focused on dietary thera-
pies and lifestyle interventions to achieve glycemic control.3

Currently, medical nutrition therapy is centered around strict

carbohydrate control to both improve glycemic control and
lessen perinatal complications.4–6 However, evidence is
conflicting on whether a low carbohydrate diet per se is the
optimal dietary strategy for achieving glycemic control dur-
ing a pregnancy complicated by GDM.7

Dietary quality is a gauge of overall dietary intake, rather
than a focus on isolated nutrients.8 The Healthy Eating Index
2010 (HEI-2010)9,10 is a measure of dietary quality, reflective
of the current Dietary Guidelines for Americans recommending
nutrient-dense foods and beverages. Poor dietary quality has
been associated with increased risk of GDM11 and type 2 di-
abetes risk after GDM.12 To our knowledge, the association of
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glycemic control during GDM with more global dietary quality
measures has not previously been assessed. The aim of this
investigation is to determine the association between dietary
quality and glycemic control in women with GDM.

Materials and Methods

Source population

Our research question was examined in the Gestational
Diabetes Effects on Moms (GEM) Study. The participants
were recruited at Kaiser Permanente Northern California
(KPNC), a large integrated health care delivery system con-
sisting of 44 medical centers and 13 delivery hospitals with
*33,000 deliveries per year. U.S. census data analysis shows
that the race/ethnicity and education of KPNC members is
representative of the geographic region served, and differ
only slightly at the extremes of the income distribution.13,14

Detailed methods are described elsewhere; briefly, this
was a cluster-randomized trial testing the comparative ef-
fectiveness of two Diabetes Prevention Programs (DPPs)
implemented during the early postpartum period in women
with GDM.15,16 GEM includes 2280 pregnant women, 18
years of age or older, with GDM (diagnosed by the Carpenter
and Coustan criteria, as recommended by ACOG during the
study period)17,18 identified during a 12-month period be-
tween March 27, 2011 and March 30, 2012 in the KPNC
electronic health record (EHR). Women were sent a survey
within 2 weeks after the diagnosis of GDM.

A total of 1783 women responded to the baseline survey
(78.2%) in two phases. The first was conducted by a computer-
assisted telephonic interview and the second was administered
by mail, and included detailed diet and physical activity
questionnaires. A total of 1509 women who returned a dietary
assessment with <70 items blank were initially included in the
analysis. Women were excluded if they reported unrealistic
total energy intakes, such as <500 kcal/24-hour (n = 14), or
>3500 kcal/24-hour (n = 51),19 or had already delivered before
the dietary assessment (n = 94). A total of 1220 participants
who completed the dietary measures and had at least one
measure of fasting, 1-hour postbreakfast, 1-hour postlunch,
and/or 1-hour postdinner self-assessed capillary glucose dur-
ing the 6 weeks following the completion of the diet assess-
ment were included in the analysis (Fig. 1).

The Kaiser Foundation Research Institute Human Subjects
Committee approved the trial and waived the requirement for
informed consent for the intervention.

Exposure assessment

HEI-2010 dietary adherence scores were computed from
the baseline Block Food Frequency Questionnaire (FFQ),20

which included culturally specific foods, administered at
enrollment, and which reflected dietary intake over the
3 months before assessment. This FFQ has previously been
validated in pregnant women, with Pearson correlation co-
efficients of r > 0.40 for antioxidants.21 This FFQ has also
been validated and used with the Women, Infants, and Chil-
dren nutritional supplementation program.22

Scoring criteria for the HEI-2010 are described in detail
elsewhere.9 Briefly, the HEI-2010 is comprised of 12 dietary
food group components with scores ranging from 0 to 20.
Nine components are adequacy components, for which a

higher score indicates higher dietary quality: Total fruit,
whole fruit, vegetables, greens and beans, whole grains,
dairy, total protein foods, seafood and plant proteins, and a
ratio of unsaturated to saturated fatty acids. Three compo-
nents: refined grains, sodium, and empty calories (calories
from solid fats, alcohol, and added sugars) are moderation
components, for which consumption and score are ideally
minimized. All the component scores were summed to obtain
a total HEI-2010 score, which ranges from 0 to 100, with a
score of 100 representing ideal dietary quality.

Outcomes

The primary outcome of interest is overall optimal gly-
cemic control in the 6 weeks after completion of the dietary
assessment. Overall optimal glycemic control was defined as
‡80% of all capillary glucose measurements meeting targets
recommended in this clinical setting below 95 mg/dL for
fasting, and below 140 mg/dL 1-hour glucose after meals
(i.e., breakfast, lunch, and dinner). Optimal glycemic control
for each measurement (fasting, 1 hour after breakfast, lunch,
and dinner) was defined as ‡80% of all capillary glucose
measurements for a given time point within the defined
targets.

Data on capillary glucose values were obtained from self-
monitoring data on fasting and 1-hour postprandial mea-
surements maintained in a clinical database at the KPNC
Regional Perinatal Service Center,23 which provides telephone-
based case management to women with GDM in this health
system. In this setting, all women with GDM are provided a
standard glucometer and are recommended to self-monitor
their glucose in the morning, while fasting, and 1 hour after
breakfast, lunch, and dinner. Glucometers were calibrated
when given to patients.

FIG. 1. This flowchart represents the study cohort as-
sembly. FFQ, Food Frequency Questionnaire at baseline.
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All study participants took part in the case management
program, which instructs women to self-monitor and record
glucose measurements in tracking booklets provided by the
Center. Glucose measurements were then reported to the
Center staff during weekly telephone counseling calls and
data recorded in the Center’s Patient-Reported Capillary
Glucose (PRCG) clinical database. Fasting, 1-hour post-
breakfast, 1-hour postlunch, and 1-hour postdinner glucose
values reported in the 6-week period following completion of
the FFQ were individually averaged and included in our
analysis.

Covariates

Weight and height were measured in conjunction with
pregravid and pregnancy routine care. Pregravid body mass
index (BMI) was calculated from measured weight reported
in the EHR (86%) or from self-reported pregravid weight at
the time of the first prenatal clinic visit before 10 weeks of
gestation (10.5%), or self-reported at the baseline survey
(3.5%). Age, self-reported race ethnicity, and physical ac-
tivity were obtained from the baseline GEM questionnaire.
Physical activity was assessed using the Pregnancy and
Physical Activity Questionnaire and is measured as meta-
bolic equivalent (MET)-minutes exercise/week.24,25

Statistical analyses

Participants were divided into quartiles on the basis of
HEI-2010 adherence scores. Differences between dietary
pattern groups in baseline characteristics were assessed using
a chi-square test (categorical variables) and univariate linear
regression (continuous variables). Multivariable logistic re-
gression was used to estimate the odds ratios (ORs) and 95%
confidence intervals (CIs) for associations between quartiles
of dietary pattern adherence score and glycemic control.
Multivariate models were adjusted for maternal age (years),
race/ethnicity, physical activity (MET-minutes/week), and
prepregnancy BMI (kg/m2) modeled as continuous outcomes

and randomization condition. HEI-2010 score was normally
distributed in each study arm and in the full participant
group. Multiple linear regression models were used to test
for differences in mean glucose values with increasing HEI
score quartiles; fasting glucose, and glucose measured 1-hour
postbreakfast, lunch and dinner were examined separately.
Least square mean glucose levels for each HEI score quar-
tile and between-quartile mean differences were calculated
(lowest HEI-2010 score quartile level serving as the refer-
ence), along with their 95% CIs. The analysis was completed
with the use of STATA version 11.2, 2012.

Results

A total of 1220 women with GDM who were patients at
Kaiser Permanente Medical Center, who completed the die-
tary measures and had at least one measure of glycemic
control during the 6 weeks following the completion of the
Block FFQ were included. The mean age of participants was
32 years, and *40% of all participants were of Asian eth-
nicity. As compared with women in the lowest HEI-2010
score quartile, women in the highest quartile of HEI-2010
score were more likely to be older and of Asian or Hispanic
ethnicity. Overall dietary quality as measured by the HEI-
2010 had a mean score of 44 in Quartile 1 and 62 in Quartile 4
(Table 1). There was no difference in baseline HEI-2010
scores by randomization condition (54.3 vs. 53.7; p = 0.15).

The primary outcome was the presence of optimal gly-
cemic control. As shown in Table 2, in comparison with
Quartile 1 of HEI-2010 score, there were increased odds of
overall optimal glycemic control in Quartiles 2, 3, and 4 of
HEI-2010 score (OR [95% CI] 1.90 [1.34–2.70]), (1.77
[1.25–2.52]), and (1.55 [1.09–2.20]), respectively.

When examining individual measurements of glycemic
control, increased odds of glycemic control were observed in
Quartiles 2, 3, and 4 as compared with Quartile 1 of HEI-
2010 score. Odds of glycemic control in Quartile 4 as com-
pared with Quartile 1 postbreakfast (2.06 [1.33–3.19]) and
dinner (1.49 [1.02–2.18]) were significantly higher. There

Table 1. Characteristics of Study Participants: The Gestational Diabetes Effects on Moms Study,

Kaiser Permanente Northern California, 2011–2012

HEI-2010 score quartile
p

Quartile 1
(N = 305)

Quartile 2
(N = 305)

Quartile 3
(N = 305)

Quartile 4
(N = 305) ANOVA Chi-square

Age, years 32.50 (5.14) 31.73 (5.04) 32.53 (4.65) 33.03 (4.52) 0.03
Prepregnancy BMI, kg/m2 30.11 (7.06) 29.46 (6.99) 28.04 (6.65) 27.13 (6.03) 0.08
Race ethnicity, N (%) 0.004

Non-Hispanic White 72 (24) 76 (25) 88 (29) 73 (24)
Hispanic 48 (16) 58 (19) 58 (19) 63 (21)
Asian 135 (44) 115 (38) 111 (36) 147 (48)
Black/African American 17 (6) 9 (3) 9 (3) 3 (1)
Other 8 (2) 7 (2) 3 (1) 5 (2)
Multiracial/multiethnic 25 (8) 40 (13) 36 (12) 14 (4)

Daily energy intake
(kcal/24-hour)

1771 (698) 1612 (620) 1692 (572) 1702 (549) 0.02

Physical activity
(MET-minutes/week)

1752 (1512) 1727 (1423) 1895 (1332) 1796 (1315) 0.07

Data are mean (standard deviation) unless otherwise indicated.
ANOVA, analysis of variance; BMI, body mass index; MET, metabolic equivalent; HEI-2010, Healthy Eating Index 2010.
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was no association between HEI-2010 score quartile and
odds of glycemic control for fasting glucose measurements.

Adjusted group mean capillary glucose values by quartile
of HEI-2010 score, as well as the mean differences between
of HEI-2010 score quartiles, are presented in Table 3. Mean
capillary glucose was lower in Quartiles 2, 3, and 4 of HEI-
2010 score when compared with Quartile 1 for 1-hour post-
dinner values ( p = 0.002). No significant associations between
quartiles of HEI-2010 score and mean fasting capillary glucose
were found.

In further analyses of HEI-2010 score components, there
was increased odds of glycemic control with total vegetable
intake and green and beans intake ( p < 0.05) (Supplemen-
tary Table S1; Supplementary Data are available online
at www.liebertpub.com/jwh). There was no association
between fruit intake and glycemic control. In line with the
overall analyses, no significant associations between quartiles
of HEI-2010 score and mean fasting capillary glucose were
found for HEI-2010 components.

There were no significant cross-sectional associations be-
tween HEI-2010 score and oral glucose tolerance test (OGTT)
result (data not shown).

Discussion

Higher dietary quality was associated with improved overall
glycemic control and postprandial glycemic control among
women with GDM. These findings are robust since the asso-
ciation between HEI-2010 score and glycemic control showed
improved odds of achieving the target capillary glucose mea-
surements above the lowest quartile of HEI-2010 score. Higher
HEI-2010 score was associated with lower mean postprandial
capillary glucose measurements after dinner. No association
between HEI-2010 and fasting capillary glycemic control was
found. Overall, dietary quality at baseline was low among all
participants. In HEI-2010 component analyses, there was an
association between higher total vegetable intake and increased
odds of glycemic control. The observed associations were in-
dependent of maternal age, race/ethnicity, prepregnancy BMI,
and physical activity. Our findings suggest that improving di-
etary quality above the lowest quartile of HEI-2010 score may
have an effect in improving glycemic control.

Dietary quality represents patterns of intake, rather than
narrowly focusing on specific micro or macronutrients. The
HEI-2010 is a measure of dietary quality, and is based on the
USDA 2010 guidelines for optimal dietary intake. A higher
HEI-2010 score reflects higher dietary quality. The compo-
nents of the score include adequacy components, for which a
higher intake is the goal, and moderation components, for
which intake should ideally be minimized.9 The mean base-
line HEI-2010 score in our population, 54.0, is lower than the
U.S. average; data from the 2009 to 2010 NHANES exami-
nation show an average HEI-2010 score of 59.5 among
nonpregnant women.9 Our HEI-2010 scores, while lower
than the national average, are similar to two recent investi-
gations of diet quality in pregnancy, and therefore, are likely
representative of truly poor overall diet quality in pregnant
women.26,27

Prior investigations have examined the associations of
dietary quality with the incidence of GDM and type 2 dia-
betes in large, longitudinal cohort studies11,12,28; however, to
our knowledge, no previous studies have examined its
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association with glycemic control among individuals with di-
agnosed GDM. Vegetable and fruit intake in particular has been
associated with decreased risk for GDM and type 2 diabetes.29–

31 In this analysis, both total vegetable intake and dark green
vegetables, beans, and peas intake was associated with better
glycemic control, suggesting that overall diet quality may be
driven by consumption of vegetables. There was no association
found for intake of fruit and glycemic control; this may reflect
that fruit intake has neither a beneficial nor a deleterious in-
fluence on glycemic control. The Dietary Approaches to Stop
Hypertension (DASH) diet, which emphasizes vegetable, fruit,
whole grain, and low-fat dairy intake has also been linked
with better pregnancy outcomes in women with GDM.32 Taken
together, improving overall dietary quality can begin with
the practical advice to increase vegetable intake for women
with GDM.

High postprandial glucose is indicative of impaired glu-
cose tolerance, which reflects a state of peripheral insulin
resistance.33 The impact of diet on insulin resistance is well
characterized, and forms the basis of a major component of
the DPP goals focused on lowering dietary fat intake.34 Our
investigation did not find an association between fasting
capillary glucose and baseline dietary quality, signifying
that dietary quality may not significantly impact hepatic
glucose production in women with GDM.33 While elevated
fasting glucose values in early pregnancy are strong pre-
dictors of the development of GDM and subsequent type 2
diabetes,35–37 postprandial glycemic control in pregnancy is
independently associated with the development of macro-
somia and is an important area of intervention.35,38 Ad-
ditionally, women with prior GDM may have poorer dietary
quality, identifying a population for whom a focus on im-
proving diet quality may assist in risk reduction for GDM in
subsequent pregnancies.28

Medical nutrition therapy is a hallmark of treatment for
GDM to improve glycemic control and decrease perinatal
complications. This dietary plan is designed to maintain glu-
cose control through carbohydrate restriction. In recent years,
however, observational and randomized controlled trials have
shown conflicting evidence of the benefits of a carbohydrate-
restricted diet for improved glycemic control and maternal
and fetal outcomes.7,39–41 Furthermore, in a 2014 trial, advice to
eat low glycemic index foods versus compliance with overall
healthy eating did not result in improved pregnancy outcomes.42

Dietary quality scores may present an additional means of
characterizing beneficial and adverse dietary components to aid
in postprandial glycemic control, and have been shown to im-
prove these measures in type 1 diabetes.43 HEI-2010 score
during pregnancy has also been associated with a reduction in
neonatal adiposity.26 We believe that assessment and improve-
ment of dietary quality can be an additional means of population-
based risk reduction.

This study has several limitations. Our comprehensive
dietary assessment was completed soon after GDM diagno-
sis, and we are lacking subsequent dietary assessments. Our
analysis established a temporal relationship between dietary
quality and later glycemic control, suggesting that dietary
habits and quality during the 3 months before the GDM di-
agnosis captured during second trimester of pregnancy may
have persistent effects on GDM control. At baseline, the
caloric intake of all participants was low, and may reflect
recall bias in reporting of habitual intake, or a weakness of
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the FFQ itself. Although this measure is accounted for in our
analysis, there is the possibility of residual confounding.
Additionally, recall bias from self-report may dilute the as-
sociation between HEI-2010 score and glycemic control
above the level of the poorest quality diet. Lastly, an FFQ
administered at baseline may not have captured changes in
dietary quality during the observation period. The Pregnancy
and Physical Activity Questionnaire is validated in gathering
physical activity data in general pregnancy, not specifically
among women with GDM.

The strengths of this study are the large population of
women with GDM for whom data on diet and measurements
of capillary glucose levels were available, the racial and
ethnic diversity of the participants, and ability to control for
several covariates, including physical activity.

Conclusion

Higher dietary quality at GDM diagnosis is associated with
optimal overall glycemic control, especially postprandial gly-
cemic control. Our findings suggest that improving dietary
quality may be an additional means of achieving postprandial
glycemic control in this population. Clinicians should be aware
that even a small improvement in dietary quality may be ben-
eficial for the achievement of optimal glycemic control in
women with GDM, and thus it is worthwhile to recommend
improvements in dietary quality, such as increasing the quantity
and variety of vegetable and legume intake, replacing refined
carbohydrates with whole grains, minimizing added sugar and
transfat intake, and consuming a variety of protein sources,
favoring plant and fish-based proteins.
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