
 

Prepregnancy Consumption of Fruits and Fruit Juices and the
Risk of Gestational Diabetes Mellitus

 

 

(Article begins on next page)

The Harvard community has made this article openly available.
Please share how this access benefits you. Your story matters.

Citation Chen, Liwei, Frank B. Hu, Edwina Yeung, Deirdre K. Tobias,
Walter C. Willett, and Cuilin Zhang. 2012. Prepregnancy
consumption of fruits and fruit juices and the risk of gestational
diabetes mellitus. Diabetes Care 35(5): 1079-1082.

Published Version doi:10.2337/dc11-2105

Accessed February 19, 2015 12:06:54 PM EST

Citable Link http://nrs.harvard.edu/urn-3:HUL.InstRepos:11181006

Terms of Use This article was downloaded from Harvard University's DASH
repository, and is made available under the terms and conditions
applicable to Other Posted Material, as set forth at
http://nrs.harvard.edu/urn-3:HUL.InstRepos:dash.current.terms-
of-use#LAA

brought to you by COREView metadata, citation and similar papers at core.ac.uk

provided by Harvard University - DASH 

https://core.ac.uk/display/28943577?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1
http://osc.hul.harvard.edu/dash/open-access-feedback?handle=1/11181006&title=Prepregnancy+Consumption+of+Fruits+and+Fruit+Juices+and+the+Risk+of+Gestational+Diabetes+Mellitus
http://dx.doi.org/10.2337/dc11-2105
http://nrs.harvard.edu/urn-3:HUL.InstRepos:11181006
http://nrs.harvard.edu/urn-3:HUL.InstRepos:dash.current.terms-of-use#LAA
http://nrs.harvard.edu/urn-3:HUL.InstRepos:dash.current.terms-of-use#LAA


Prepregnancy Consumption of Fruits and
Fruit Juices and the Risk of Gestational
DiabetesMellitus
A prospective cohort study

LIWEI CHEN, MD, PHD
1

FRANK B. HU, MD, PHD
2,3

EDWINA YEUNG, PHD
4

DEIRDRE K. TOBIAS, SM
2

WALTER C. WILLETT, MD, PHD
2,3

CUILIN ZHANG, MD, PHD
4

OBJECTIVEdExamine the association of prepregnancy habitual consumption of fruits and
fruit juices and gestational diabetes mellitus (GDM) risk.

RESEARCH DESIGN AND METHODSdA prospective study among women with at
least one singleton pregnancy in the Nurses’ Health Study II from 1991 to 2001.

RESULTSdAmong 13,475 women, 860 reported a first diagnosis of GDM. The adjusted
relative risks (RRs) for GDM from the lowest to highest quintile of whole fruit consumption
were 1.00 (referent), 0.80 (95% CI 0.65–0.98), 0.90 (0.73–1.10), 0.80 (0.64–1.00), and 0.93
(0.76–1.16), respectively. The corresponding RRs for fruit juice were 1.00, 0.82 (0.66–1.01),
0.78 (0.63–0.96), 0.84 (0.68–1.04), and 1.00 (0.81–1.23).

CONCLUSIONSdThese data suggest that prepregnancy higher consumption of whole fruits
is not associated with an increased GDM risk. The association between fruit juices and GDM risk
appears to be nonlinear.

Diabetes Care 35:1079–1082, 2012

A lthough dietary factors have long
been recognized for their roles in the
development of impaired glucose

tolerance, the association between intakes
of fruit and fruit juice and the risk of ges-
tational diabetes mellitus (GDM) has yet to
be investigated. The objective of this study
was to assess the association of prepreg-
nancy habitual consumption of fruit and
fruit juices and their subgroups with GDM
risk in a large prospective cohort of U.S.
women.

RESEARCH DESIGN AND
METHODSdThe Nurses’ Health Study
II is an ongoing prospective cohort of

femaleU.S. nurses. The cohortwas initiated
in 1989 and recruited 116,671 women
aged 24 to 44. For this analysis, the final
sample consisted of 13,475 women who
did not have diabetes and major chronic
diseases at baseline andwere followed until
2001 (after which most women passed the
reproductive age).

GDM cases were self-reported and up-
dated every 2 years. A high validity of self-
reported diagnosis of GDM in this cohort
has been demonstrated (94% of women
who reported to have GDMwas confirmed
by a physician in a validation study) (1).
Dietary intake information was collected
by a validated 133-item semiquantitative

food frequency questionnaire (2) designed
to assess food intake during the previous
year. For this analysis, we summed up the
intake of single items to determine the con-
sumption of fruit (nine items) and 100%
fruit juices (four items) (for more informa-
tion, see Supplementary Data).

All statistical analyses were performed
using SAS statistical software (version 8.2;
SAS Institute, Cary, NC). In primary anal-
yses, we calculated the cumulative average
intakes of dietary variables to reducewithin-
person variation and to represent long-term
dietary intakes. Relative risks (RRs) and 95%
CIs of GDM were estimated using Cox pro-
portional hazards models. Tests for non-
linear associations were performed using
restricted cubic spline regressions (3).

RESULTSdAmong 13,475 eligible
women, 860 reported a first diagnosis of
GDM. At baseline, the median intake was
1.0 serving/day (Supplementary Table 1).
After adjustment for age, parity, race, smok-
ing, alcohol intake, physical activity, family
history of diabetes, BMI, and other dietary
factors (Table 1; model 3), the RRs across
the lowest to highest quintiles of fruit con-
sumption were 1.00 (referent), 0.80 (95%
CI 0.65–0.98), 0.90 (0.73–1.10), 0.80
(0.64–1.00), and 0.93 (0.76–1.16). In strat-
ified analyses according to participants’
BMI status (,25 or $25 kg/m2), family
history of diabetes (yes or no), parity (1 or
$2), or physical activity (low or high), the
direction of the association between GDM
risk and fruit consumption was consistent
in each stratum (data not shown). For
subgroups of fruit and the risk of GDM
(Table 1), only intake of apple was signifi-
cantly associatedwithGDMrisk.Whenapple
intake was treated as a continuous variable,
each additional serving per day of apple was
associated with a 25% lower risk of GDM
(95% CI 1–44). The association of 100%
fruit juices with GDM risk was nonlinear,
with the lowest risk being among women
with moderate consumption (Table 1).

CONCLUSIONSdIn this large pro-
spective study, we found that habitual

c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c

From the 1Program of Epidemiology, School of Public Health, Louisiana State University Health Science
Center, New Orleans, Louisiana; the 2Department of Nutrition, Harvard School of Public Health, Boston,
Massachusetts; the 3Channing Laboratory, Department of Medicine, Brigham and Women’s Hospital and
Harvard Medical School, Boston, Massachusetts; and the 4Division of Epidemiology, Statistics, and Pre-
vention Research, Eunice Kennedy Shriver National Institute of Child Health and Human Development,
National Institutes of Health, Bethesda, Maryland.

Corresponding author: Cuilin Zhang, zhangcu@mail.nih.gov.
Received 27 October 2011 and accepted 7 February 2012.
DOI: 10.2337/dc11-2105
This article contains Supplementary Data online at http://care.diabetesjournals.org/lookup/suppl/doi:10

.2337/dc11-2105/-/DC1.
© 2012 by the American Diabetes Association. Readers may use this article as long as the work is properly

cited, the use is educational and not for profit, and thework is not altered. See http://creativecommons.org/
licenses/by-nc-nd/3.0/ for details.

care.diabetesjournals.org DIABETES CARE, VOLUME 35, MAY 2012 1079

E p i d e m i o l o g y / H e a l t h S e r v i c e s R e s e a r c h
B R I E F R E P O R T

http://care.diabetesjournals.org/lookup/suppl/doi:10.2337/dc11-2105/-/DC1
http://care.diabetesjournals.org/lookup/suppl/doi:10.2337/dc11-2105/-/DC1
mailto:zhangcu@mail.nih.gov
http://care.diabetesjournals.org/lookup/suppl/doi:10.2337/dc11-2105/-/DC1
http://care.diabetesjournals.org/lookup/suppl/doi:10.2337/dc11-2105/-/DC1
http://creativecommons.org/licenses/by-nc-nd/3.0/
http://creativecommons.org/licenses/by-nc-nd/3.0/


Table 1dRR (95% CI) of GDM in relation to whole fruits and fruit juice consumption among participants in the Nurses’ Health
Study II (N = 13,475; GDM case subjects n = 860)

Quintiles of cumulative averaged intake

P value†Q 1 Q 2 Q 3 Q 4 Q 5

Whole fruits
Servings per day (median) 0.35 0.71 1.07 1.53 2.36
Case/PY 226/108,600 163/120,203 167/101,745 140/103,767 164/110,315
Crude incidence per 100,000 PY 208 136 164 135 149
Model 1 1.00 0.76 (0.62–0.92) 0.81 (0.67–0.99) 0.68 (0.55–0.84) 0.79 (0.65–0.97) 0.03
Model 2 1.00 0.79 (0.64–0.97) 0.87 (0.71–1.06) 0.76 (0.62–0.95) 0.90 (0.73–1.10) 0.44
Model 3* 1.00 0.80 (0.65–0.98) 0.90 (0.73–1.10) 0.80 (0.64–1.00) 0.93 (0.75–1.16) 0.76
Apples
Servings per day (median) 0.07 0.11 0.14 0.43 0.79
Case/PY 335/136,460 51/72,507 197/104,409 164/132,338 113/98,915
Crude incidence per 100,000 PY 245 70 189 124 114
Model 3* 1.00 1.05 (0.77–1.44) 0.82 (0.68–0.98) 0.78 (0.64–0.95) 0.81 (0.65–1.01) 0.045

Bananas
Servings per day (median) 0 0.07 0.14 0.43 0.72
Case/PY 118/67,968 251/119,713 171/142,903 234/141,743 86/72,302
Crude incidence per 100,000 PY 174 210 120 165 119
Model 3* 1.00 0.86 (0.69–1.07) 0.87 (0.68–1.10) 0.89 (0.71–1.12) 0.88 (0.66–1.16) 0.76

Berries (strawberry and blueberry)
Servings per day (median) 0 0.07 0.11 0.14 0.43
Case/PY 165/131,181 253/117,085 36/51,764 270/159,316 136/85,283
Crude incidence per 100,000 PY 136 216 70 169 159
Model 3* 1.00 1.17 (0.96–1.43) 1.19 (0.82–1.73) 1.10 (0.90–1.34) 1.04 (0.82–1.31) 0.75

Citrus fruits (orange and grapefruit)
Servings per day (median) 0 0.07 0.14 0.21 0.50
Case/PY 162/106,663 250/113,578 173/109,103 119/82,960 156/132,325
Crude incidence per 100,000 PY 152 220 159 143 118
Model 3* 1.00 1.28 (1.05–1.57) 1.08 (0.87–1.35) 1.22 (0.95–1.56) 1.11 (0.88–1.40) 0.99

Raisins
Servings per day (median) 0 0.04 0.07 0.14 0.43
Case/PY 226/96,629 163/102,951 167/124,550 140/84,974 164/135,524
Crude incidence per 100,000 PY 108 136 164 135 149
Model 3* 1.00 0.94 (0.72–1.24) 0.92 (0.78–1.09) 0.81 (0.65–1.02) 0.86 (0.68–1.08) 0.19

Other fruits
Servings per day (median) 0.07 0.21 0.32 0.50 0.96
Case/PY 213/115,979 135/107,000 185/110,923 166/107,620 161/103,098
Crude incidence per 100,000 PY 184 126 167 154 156
Model 3* 1.00 1.07 (0.86–1.33) 1.04 (0.85–1.28) 0.92 (0.75–1.14) 1.00 (0.80–1.24) 0.70

Fruit juices
Servings per day (median) 0.10 0.28 0.57 1.00 1.72
Case/PY 248/119,393 146/114,957 148/98,842 154/103,228 164/108,209
Crude incidence per 100,000 PY 208 127 150 149 152
Model 1 1.00 0.82 (0.67–1.01) 0.73 (0.59–0.89) 0.74 (0.60–0.90) 0.83 (0.68–1.01) 0.06
Model 2 1.00 0.85 (0.69–1.05) 0.79 (0.64–0.97) 0.85 (0.69–1.04) 1.00 (0.81–1.22) 0.93
Model 3 1.00 0.82 (0.66–1.01) 0.78 (0.63–0.96) 0.84 (0.68–1.04) 1.00 (0.81–1.23) 0.76

Apple juice
Servings per day (median) 0 0.02 0.07 0.14 0.43
Case/PY 358/187,290 6/37,012 257/120,486 114/73,367 125/126,474
Crude incidence per 100,000 PY 191 16 213 155 99
Model 3# 1.00 0.75 (0.32–1.73) 1.08 (0.92–1.27) 1.06 (0.85–1.31) 0.97 (0.79–1.20) 0.72

Orange juice
Servings per day (median) 0 0.07 0.14 0.43 1.00
Case/PY 183/128,393 214/96,594 154/90,085 155/122,624 154/106,933
Crude incidence per 100,000 PY 143 222 171 126 144
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high consumption of fruits before preg-
nancy was not associated with increased
GDM risk. For whole fruit, a slightly lower
risk was observed in the 2nd and 4th quin-
tiles as compared with the lowest quintile
after controlling for known risk factors of
GDM. Among specific fruits, higher apple
consumption was associated with a mod-
estly reduced risk of GDM. The association
of total fruit juices with GDM risk was non-
linear, with the lowest risk being among
women in the 3rd quintile of consumption.

We are unaware of published studies
that prospectively examine the association
of prepregnancy consumptions of fruit and
fruit juices with the risk of GDM. Previous
prospective studies on fruit intake and type
2 diabetes risk have yielded mixed results
(4–8). Fruits have high antioxidant and fi-
ber content as well as relatively low energy
density and low glycemic load. In addition,
fruits contain numerous bioactive compo-
nents, such as vitamins, minerals, carot-
enoids, folates, flavonoids, and polyphenol,
which have been suggested to be beneficial
in insulin sensitivity and/or pancreatic
b-cell function by relieving oxidative stress
(9). However, fruits also contain a relatively
high amount of sugar (i.e., fructose), which
has been directly linked to impaired pan-
creatic b-cell function in humans (10). It is
highly likely that the overall health effect of
whole fruit is a mix of many bioavailable
compounds present in whole fruit and is
dependent on the individuals’ baseline con-
sumption level.

Our finding of an inverse association
between apple intake and GDM risk is
consistent with two studies on apples
and type 2 diabetes risk (11,12). Apples
provide a low glycemic index source of car-
bohydrate, and are a major source of flavo-
noids. However, in the current study,
flavonoids were not significantly associated
withGDMrisk, and the association of apple

intake withGDM remained significant after
the adjustment of flavonoid intakes (data
not shown). We speculate that other poly-
phenolic compounds (i.e., catechins), anti-
oxidants (i.e., vitamin C and b-carotene),
or unidentified dietary factors in apples, in-
dividually or in combination, may contrib-
ute to the potentially protective effects of
apples on GDM risk.

The association of total fruit juices
with GDM risk was nonlinear. The in-
terpretation of this nonlinear association
needs to be cautious. On one hand, vita-
mins,minerals, andphytochemicals in fruit
juices may have beneficial effects for di-
abetes. On the other hand, fruit juices have
lower fiber contents and higher glycemic
load thanwhole fruit. At amoderate level of
consumption, the beneficial effects from
some components (i.e., vitamins and min-
erals) may counterbalance the potential ad-
verse effects of the rapidly absorbed sugars.
In this study, however, we were unable to
completely rule out residual confound-
ing from some unmeasured health behav-
iors associated with moderate fruit juice
consumption.

In conclusion, our data suggest that
prepregnancy higher consumption of
whole fruits is not associated with in-
creased GDM risk. The association of fruit
juices with GDM risk appears to be non-
linear, with the lowest risk being among
women with modest consumption. Fur-
ther studies are warranted to confirm our
observations.
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