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OBJECTIVE — The purpose of this study was to examine the association between [ruit,
vegetable, and fruit juice intake and development of type 2 diabetes.

RESEARCH DESIGN AND METHODS — A total of 71,346 female nurses aged 38—63
years who were free of cardiovascular disease, cancer, and diabetes in 1984 were followed for 18
years, and dietary information was collected using a semiquantitative food frequency question-
naire every 4 years. Diagnosis of diabetes was self-reported.

RESULTS — During follow-up, 4,529 cases of diabetes were documented, and the cumulative
incidence of diabetes was 7.4%. An increase of three servings/day in total fruit and vegetable
consumption was not associated with development of diabetes (multivariate-adjusted hazard
ratio 0.99 [95% CI 0.94-1.05]), whereas the same increase in whole fruit consumption was
associated with a lower hazard of diabetes (0.82 [0.72-0.94]). An increase of 1 serving/day in
green leafy vegetable consumption was associated with a modestly lower hazard of diabetes (0.91
[0.84-0.98]), whereas the same change in fruit juice intake was associated with an increased
hazard of diabetes (1.18 [1.10-1.26]).

CONCLUSIONS — Consumption of green lealy vegetables and fruit was associated with a
lower hazard of diabetes, whereas consumption of fruit juices may be associated with an in-

creased hazard among women.
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he worldwide burden of type 2 dia-

betes has increased rapidly in tan-

dem with increases in obesity. The
most recent estimate for the number of
people with diabetes worldwide in 2000
was 171 million, and this number is pro-
jected to increase to at least 366 million by
the year 2030 (1). Fruit and vegetable
consumption has been associated with
decreased incidence of and mortality
from a variety of health outcomes includ-
ing obesity, hypertension, and cardiovas-
cular diseases in epidemiological studies
(2-4). However, few prospective studies
have examined the relationship between

fruit and vegetable intake and risk of dia-
betes, and the results are not entirely con-
sistent (5-10).

Differences in the nutrient contents of
fruits and vegetables by group could lead
to differences in health effects. Further-
more, the role of fruit juices could be im-
portant and has not been well studied.
Although fruit juices may have antioxi-
dant activity (11), they lack fiber, are less
satiating, and tend to have high sugar
content. To further explore the role of
fruit and vegetable consumption in the
development of diabetes, we examined
the association between intake of all fruits

From the 'Department of Epidemiology, Tulane University School of Public Health and Tropical Medicine,
New Orleans, Louisiana; the “Department of Nutrition, Harvard School of Public Health, Boston, Mas-
sachusetts; the “Department of Epidemiology, Harvard School of Public Health, Boston, Massachusetts,
the University of Puerto Rico, Medical Sciences Campus, School of Dentistry, San Juan, Puerto Rico, and
the Harvard School of Dental Medicine, Boston, Massachusetts; and the *Departments of Nutrition and
Epidemiology, Harvard School of Public Health, Boston, Massachusetts, and the Channing Laboratory,
Brigham and Women'’s Hospital, Harvard Medical School, Boston, Massachusetts.

Corresponding author: Lydia A. Bazzano, Ibazzano@tulane.edu.

Received for publication 12 January 2008 and accepted 31 March 2008.

Published ahead of print at http://care.diabetesjournals.org on 4 April 2008. DOI: 10.2337/dc08-0080.

L.A.B. had full access to all of the data in the study and takes responsibility for the integrity and the accuracy

of the data analysis.

© 2008 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 the work is not altered. See http://creativecommons.

org/licenses/by-nc-nd/3.0/ for details.

The costs of publication of this article were defrayed in part by the payment of page charges. This article must therefore be hereby
marked “advertisement” in accordance with 18 U.S.C. Section 1734 solely to indicate this fact.

and vegetables, specific groups of fruits
and vegetables, and fruit juices among
women enrolled in the Nurses’ Health
Study diet cohort.

RESEARCH DESIGN AND
METHODS — The Nurses’ Health
Study was established in 1976 with re-
sponses of 121,700 female registered
nurses between the ages of 30 and 55
years from 11 different U.S. states to an
initial mailed questionnaire regarding
medical history, lifestyle, diet, and other
health practices. Follow-up question-
naires were mailed every 2 years to update
information on health-related behavior
and determine incident disease, including
diabetes and other chronic diseases. The
diet cohort was established in 1980 with
98,462 participants. Of those, 81,757
completed the 1984 questionnaire, had a
total energy intake that was between 600
and 3,500 kcal, and left fewer than 12
food items blank (n = 16,705 excluded).
We also excluded women who died be-
fore the return of the 1984 questionnaire
(n = 1); who had diagnosed cardiovascu-
lar disease (n = 2,681), cancer (n =
4.218), or diabetes (n = 2,116) at the as-
sessment in 1984; and who were missing
date of diagnosis of diabetes (n = 1,395).
After these exclusions, a total of 71,346
women (72.5% of the diet cohort) con-
tributed to the analysis, with follow-up
completed in June of 2002.

Dietary assessment

A semiquantitative food-frequency ques-
tionnaire (FFQ) was included with the
general health questionnaire in 1980,
1984, 1986, 1990, 1994, and 1998. The
1980 FFQ contained 61 items, with 6
questions on fruit consumption, 11 on
vegetable consumption, and 3 on potato
consumption. In 1984, the FFQ was sub-
stantially expanded to include 16 ques-
tions on fruit consumption, 28 on
vegetable consumption, and 3 on potato
consumption. In this analysis, we consid-
ered 1984 as the baseline because the
FFQ remained consistent afterward. Par-
ticipants were asked to report the fre-
quencies of their consumption of fruit
and vegetable items during the previous
year. For each fruit or vegetable, a stan-
dard unit or portion size was specified.
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Nine responses were possible, ranging
from “never” to “six or more times per
day” (12). The response to each food item
was converted to average daily intakes
and then summed to compute the total
intake (fruit juices were not included in
total fruit intake or total fruit and vegeta-
ble intake). Average daily intakes of foods
in specific groups (green leafy vegetables,
legumes, and fruit juices) were assessed.
Green leafy vegetables included spinach,
kale, and lettuces; legumes included tofu,
peas, and beans; and fruit juices included
apple, orange, grapefruit, and other fruit
juices. These categories were modified
from those used in a different cohort in an
earlier report (13). Potato differs from all
other commonly consumed vegetables in
energy density, nutrient density, glycemic
index and load, and the likelihood of its
presence in fast food. Therefore, we did
not include potatoes in any vegetable cat-
egory. The validity of the FFQ has been
evaluated in previous studies (14,15).

Assessment of nondietary covariates
Data on BMI, physical activity, smoking
status, alcohol use, postmenopausal hor-
mone therapy, family history of diabetes,
and physician-diagnosed hypertension
and high cholesterol were self-reported
on biennial questionnaires. BMI (mea-
sured as weight in kilograms divided by
the square of height in meters) was calcu-
lated by using updated weight informa-
tion for each time period.

Ascertainment of outcomes

The primary end point was development
of type 2 diabetes. At each 2-year cycle,
participants were asked whether they had
a diagnosis of diabetes. For each self-
reported diagnosis of diabetes, a supple-
mental questionnaire was sent, asking
about diabetes symptoms, diagnostic
tests, and treatments. A diagnosis of dia-
betes was accepted when any one of the
following criteria was met: 1) one or more
classic symptoms of diabetes and re-
ported elevated plasma glucose levels
(fasting plasma glucose =7.8 mmol/l
[140 mg/dl] or randomly measured
plasma glucose =11.1 mmol/l [200 mg/
dl]), 2) reported elevated plasma glucose
on at least two occasions in the absence of
symptoms, or 3) treatment with oral hy-
poglycemic medication or insulin. These
criteria for diagnosis of diabetes are con-
sistent with those proposed by the Na-
tional Diabetes Data Group (16) because
most cases were diagnosed before 1997.
For diagnoses of diabetes established after

1998, the American Diabetes Association
criteria (reported fasting plasma glucose
=7 mmol/l [126 mg/dl]) were used. We
excluded women with type 1 diabetes or
gestational diabetes mellitus. The diagno-
sis of type 2 diabetes by the use of the
supplemental questionnaire has been val-
idated in this cohort (17).

Statistical analysis

Person-time of follow up was contributed
by each eligible participant from the date
of return of the 1984 questionnaire to the
date of diagnosis of type 2 diabetes, 1 June
2002, or death from other causes. To re-
duce within-person variation and best
represent long-term usual diet, the cumu-
lative average frequency was calculated
from all available questionnaires up to the
start of each 2 year follow-up period (18).
Participants were divided into quintiles
by frequency of intake to avoid assump-
tions about the shape of the dose-
response relationship. Cox proportional
hazards models with time-dependent
variables were used to adjust for potential
confounders, including BMI, family his-
tory of diabetes, smoking, postmeno-
pausal hormone use, alcohol intake, and
physical activity. We also adjusted for di-
etary variables that have been related to
diabetes in this cohort, including intakes
of processed meats, potatoes, nuts, coffee,
sodas, and whole grains (19-24). The
proportional hazards assumption was
tested by modeling the interaction of time
with fruit and vegetable intake. To assess
the linearity of trends, median values of
intake for quintiles were treated as con-
tinuous in Cox regression models. Statis-
tical analyses were performed with SAS
software (version 9.0; SAS Institute, Cary,
NO.

RESULTS — The baseline characteris-
tics of the study participants by quintile of
total fruit and vegetable intake are pre-
sented in Table 1. Women who con-
sumed more fruits and vegetables were
older, were less likely to smoke cigarettes,
and were more likely to exercise regularly
and use hormone replacement therapy
than their counterparts who did not con-
sume fruits and vegetables as frequently.
The median intake of fruit in this popula-
tion throughout the follow-up period was
1.08 servings/day, whereas that for vege-
tables was 3.09 servings/day.

Over the 18 years of follow-up
(1,203,994 person-years), we docu-
mented 4,529 cases of type 2 diabetes. No

association between total fruit and vege-
table intake and risk of diabetes was iden-
tified in age-adjusted or multivariate-
adjusted models (Table 2). Results were
similar for intake of total vegetables. In-
take of total fruit and green leafy vegeta-
bles was inversely associated with
development of type 2 diabetes. The mul-
tivariate-adjusted hazard ratio (HR) of di-
abetes by serving frequency for fruit juice
is shown in Fig. 1.

To further investigate the association
between fruit juice consumption and de-
velopment of type 2 diabetes, we subdi-
vided fruit juices into apple, grapefruit,
and orange juices and examined them in-
dividually in separate models. Among
participants consuming >3 cups of apple
juice/ month compared with those who
consumed <1 cup of apple juice/month,
the HR was 1.15 (95% CI 1.08-1.22;
Piena < 0.001). The corresponding HR
for grapefruit juice consumers was 1.14
(1.05-1.23; P,yeng = 0.001). Among par-
ticipants consuming =1 cup of orange
juice/day compared with those who con-
sumed <1 cup of orange juice/month, the
HRwas 1.24(1.10-1.39; P, ,q < 0.001).

To situate our results for fruit juice
intake in the context of results for other
beverages, we also examined intake of co-
las (sugar-sweetened and low-calorie),
other carbonated beverages, and fruit
punch in relation to hazard of type 2 dia-
betes. After adjustment for BMI, family
history of diabetes, smoking, postmeno-
pausal hormone use, alcohol intake,
physical activity, smoking, total energy
intake, and consumption of whole grains,
nuts, processed meats, coffee, and pota-
toes, the HRs for an increase of 1 serving/
day (95% CI) were 1.08 (1.04-1.12),
1.11 (1.07-1.16), 1.04 (1.00-1.09), and
1.10 (1.06-1.15) for sugar-sweetened
cola, low-calorie cola, other carbonated
beverages, and fruit punch, respectively.

We also examined whether the rela-
tionship between fruit juice intake and di-
abetes was affected by BMI and physical
activity. In multivariate-adjusted models,
we identified a modest ordinal interaction
that was statistically significant (P <
0.001 for BMI and P = 0.03 for physical
activity). Among participants with a BMI
=25 kg/mz, the HR (95% CI) for those in
the highest quintile of fruit juice intake
compared with those in the lowest was
1.33 (1.19-1.48); for participants with
BMI <25 kg/m?, the corresponding value
was 1.60 (1.18-2.16). Among partici-
pants who performed =1.5 h of physical
activity/week, the HR (95% CI) for those
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Table 1—Characteristics of the study population by quintile of total intake of fruit and vegetables in 1984

Total intake of fruit and vegetables in 1984

Quintile 1 Quintile 2 Quintile 3 Quintile 4 Quintile 5
n 14,573 14,408 14,337 14,118 13,910
Median intake fruits and vegetables 2.1 32 4.2 53 7.5
(servings/day)*
Median intake fruit (servings/day)* 0.5 0.9 1.2 1.7 2.5
Median intake vegetables (servings/day) 1.5 2.3 3.0 3.7 52
Median intake fruit juices (servings/day) 0.2 0.4 0.5 0.6 0.7
Age (years) 485+ 7.1 404 *£72 502 7.1 508 = 7.1 51.8*+ 7.0
BMI (kg/m?) 235+ 7.1 23.6 7.0 23.6 6.9 23.7*6.9 23.6 7.0
Alcohol (g) 74127 72 *11.6 7.1 %110 6.9 £10.6 6.6 £10.5
Physical activity (h/week) 21%20 22x21 24=*21 25%22 28+%23
Current smoker (%) 34 27 23 20 17
Hypertension (%) 19 20 19 20 21
Hypercholesterolemia (%) 7 7 7 8 8
Current use of hormone replacement (%) 22 23 24 26 26
Premenopausal (%) 47 47 47 46 45
Family history of diabetes (%) 25 25 25 25 26
Dietary intake
Total energy (kcal) 1,457 = 465 1,621 = 474 1,744 = 486 1,859 = 501 2,061 = 537
Carbohydrate (g) 176 = 35 181 = 31 184 = 30 187 = 29 195 = 31
Glycemic load (g) 98 £ 22 98 £ 20 98 £ 19 99 = 18 101 £ 19
Protein (g) 67 £13 69 + 12 71 =12 73+ 12 76 £ 14
Polyunsaturated fat (g) 117+ 33 119+ 31 11.9 3.0 11.8 = 3.0 11.6 = 3.2
Monounsaturated fat (g) 24.0 = 4.6 233 £ 4.1 22.7 =239 21.8 =38 203 4.0
Saturated fat (g) 239 £5.0 23.0 44 223 +42 21.5 £ 4.0 20.0 £ 4.2
Trans-unsaturated fat (g) 38x1.2 36*F1.1 34*1.0 32*1.0 29*09
Cholesterol (mg) 284 £ 108 286 £ 94 287 =90 287 =90 281 95
Fiber (g) 121 =32 144 =31 16.0 £33 178 £ 3.6 21.3*+49

Data are % categorical or means = SD of continuous population characteristics adjusted for total energy intake unless otherwise indicated. Total n = 71,346 women.
*Neither fruits nor fruit and vegetables include fruit juices.

in the highest quintile of fruit juice intake
compared with those in the lowest was
1.34 (1.18-1.53); for participants who
performed >1.5 h of physical activity/
day, the corresponding value was 1.42
(1.18-1.73).

CONCLUSIONS — In this large pro-
spective cohort of middle-aged American
women, overall fruit and vegetable intake
was not associated with the development
of type 2 diabetes. Intake of fruit juices
was positively associated with incidence
of type 2 diabetes, whereas intake of
whole fruits and green leafy vegetables
was inversely associated. These associa-
tions were independent of known risk
factors for type 2 diabetes, including age,
BMI, family history, smoking, postmeno-
pausal hormone use, alcohol intake,
physical activity, smoking, total energy
intake, and consumption of whole grains,
nuts, processed meats, coffee, and pota-
toes. This study is one of the first to pro-
spectively examine fruit juice intake and
the risk of type 2 diabetes.

The positive association between fruit
juice consumption and diabetes risk may
relate to the relative lack of fiber and other
phytochemicals, the liquid state, and the
high sugar load. The rapid delivery of a
large sugar load, without many other
components that are a part of whole
fruits, may be an important mechanism
by which fruit juices could contribute to
the development of diabetes. Fructose
consumption has also been implicated in
the development of many manifestations
of the insulin resistance syndrome
(25,26). Frequent consumption of fruit
juices may contribute to a higher dietary
glycemic load, which has been positively
associated with diabetes in this cohort
(27). Fruit and green leafy vegetables may
contribute to a decreased incidence of
type 2 diabetes through their low energy
density, low glycemic load, and high fiber
and micronutrient content (28). In partic-
ular, green leafy vegetables may supply
magnesium, which has been inversely
linked to the development of type 2 dia-
betes in women (8).

We searched MEDLINE to January
2008 to identify prospective studies of
fruit and vegetable intake and risk of type
2 diabetes. In all, we identified six studies
that are summarized in Table 3 (5-10).
Many of these studies had small sample
sizes, combined fruit juice intake with
whole fruit intake, and did not include
updated measures of dietary intake dur-
ing the study.

Other investigations have related the
consumption of sugar-sweetened or non-
diet colas, other sodas, and fruit punches
to development of type 2 diabetes (23). In
the Nurses’ Health Study II cohort, which
comprised 91,249 women followed for 8
years from 1991-1999, women consum-
ing at least 1 sugar-sweetened soft drink/
day were 1.83 times more likely (95% CI
1.42-2.36; Peng < 0.001) to develop
type 2 diabetes compared with those who
consumed this type of beverage less than
once per month, after adjustment for po-
tential confounders. Consumption of
fruit punches was also associated with in-
creased diabetes risk (multivariate-
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Intake of fruit juices and diabetes

25

1.5 +

0.5

Relative Hazard for Diabetes Mellitus
—

<1/mo 1/mo-4/wk

5-TIwk 2-3/day >4/day

Fruit Juice Intake, No. of I cup (8 0z) servings/time

Figure 1—Multivariate-adjusted relative hazard of diabetes by category of cumulatively updated
fruit juice intake. Values were adjusted for cumulatively updated BMI, physical activity, family
history of diabetes, postmenopausal hormone use, alcohol use, smoking, and total energy intake.
For an increase of 1 serving/day of fruit juice, the multivariate-adjusted relative risk was 1.18

(95% CI1.10-1.26; P < 0.0001).

adjusted HR 2.00 [95% CI 1.33-3.03];
P =0.001). In that study, fruit juice con-
sumption was not associated with diabe-
tes risk; however, increased consumption
of fruit juices in the first 4 years from
baseline was associated with a signifi-
cantly greater weight gain among women
over the course of follow-up (4.03 kg)
compared with decreased fruit juice con-
sumption (2.32 kg) during the same pe-
riod (P < 0.001). Possible reasons for the
discrepancy between results in these two
cohorts include misclassification of fruit
juice intake in the Nurses’ Health Study II,
which incorporated only two dietary as-
sessments (1991 and 1995). In the
present study, five dietary assessments
were available (1984, 1986, 1990, 1994,
and 1998) to classify fruit juice intake. In
addition, the Nurses’ Health Study 1II co-
hort is younger and over the course of 9
years of follow-up developed only 741
cases of incident type 2 diabetes. In the
present study, 18 years of follow-up were
available, with 4,529 cases of incident
type 2 diabetes.

The primary limitation of our study
was the potential for bias due to measure-
ment error. We attempted to reduce mea-
surement error in assessing long-term diet
by using the average of all available mea-
surements of diet up to the start of each

2-year follow-up interval (18). In addi-
tion, although our results for fruit juice
consumption and type 2 diabetes are a
relatively new finding, those for green
leafy vegetable consumption have been
replicated in at least one large study using
different dietary assessment methods that
should have differently structured mea-
surement errors (10). The possibility of
unknown confounding, which cannot be
ruled out in any observational study,
must also be acknowledged. The FFQ
used in this study does not distinguish
between canned and fresh fruits, which
have different nutrient profiles and may
be associated with different food habits.
Moreover, the food supply has changed
significantly over the past decades,
whereas our FFQ has not; nevertheless,
the most common foods eaten in the U.S.
population are encompassed in our in-
strument. There may be underestimation
of type 2 diabetes by self-report; however,
our population is highly educated about
medical conditions, so self-report error
should be substantially less than that in a
general population. Fasting glucose crite-
ria for diabetes were lowered in 1997,
possibly contributing to underestimation
in this study. Also, it is possible that
women may have misreported fruit
punches as juices. Fruit punches have

been associated with an increased inci-
dence of diabetes in U.S. women (23). Be-
cause of the homogeneity of our
population, generalizability of these re-
sults to women of other race and ethnicity
bears further examination.

Our findings of a positive association
of fruit juice intake with hazard of diabe-
tes suggest that caution should be ob-
served in replacing some beverages with
fruit juices in an effort to provide health-
ier options. Moreover, the same caution
applies to the recommendation that
100% fruit juice be considered a serving
of fruit as it is in the present national di-
etary guidelines (30). In general, the ob-
served associations between fruits and
vegetables are weaker than those for car-
diovascular disease (31). However, if
fruits and vegetables are used to replace
refined grains and white potatoes, both of
which have been shown to be associated
with increased risk of diabetes (20,32), the
benefits of regular consumption of fruits
and vegetables should be substantial.
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