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Rockground. Adequate fruit and vegetable intake
may lower the risk of several chronic diseases, but little
i5 known about how it affects the risk of dinbotes
mellitus,

Mefhods, We axamined whether feait and wigetnhle
sonsumption was assecisted with diabetes incidence
in a cohort of U, 8, adults aged 25-74 vears who were
followed for aboul 20 years,

Results, In the analytic sample of 8,665 participants,
L01&E developed diabetes mellitus, The mean daily
intake of fruits and vegetables as well as the percent-
age of participants consuming five or more fruits and
vegetables per day was lower among persons who
developed dinbetes than among persons who remained
free of this disease (F < L00L), After adjustments for
age. race or ethnicity, cigarette smoking, systolic hlood
pressure, use of antihypertensive medieation, serum
cholesteral concentration, body mass index, recee-
ational exercise, nonrecreational exercise, and aleahol
consumption, the hazerd ratio for participants con-
suming five or more servings of fruits and vegetables
perday compared with those consuming none was 0,73
(96% confidence interval (G, 0.54-0.98) for all partici-
pamnts, 054 (957 CL 0.26-0.81) for women, and 109 (95%
CI, 0.63-1L87) for men. Adding education te the model
changed the hazard ratios to 0.79 (95% CI, 0.59-1.06)
for all participants, 0,61 (95% CI, 0.42-0.88) for women,
and 1.14 (95% CI, 0.67=1.93) for men.

Conelusions. Fruit and vegetable intake may be
inversely associated with disbetes incidence particu-
larly among women, Education may explain partly
this association.

Koy Words: cohort studies; diabetes; diet; fruit; inei-
dence; vegetables,
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INTRODUCTION

Diabetes mellitus is the seventh leading cause of mor-
tality in the United States. Currently, about 16 million
peraona have diabetes mellitus in the United States
[1]. Several studies have shown that the incidence and
prevalence of diabetes mellitus are increasing [2,5). The
increases in recent years are most likely due to im-
portant body weight changes in the 1S, population
[4,5,6). The economic toll of this diseaze was estimated
at about 298 hillion in 1997 [7].

Ohbesity is clearly the dominant modifiable risk factor
for diabetes mellitus, Nevertheless, other approaches
to diabetes prevention nced to be explored. Although
the role of nutrition in the etiology of diabetes mellitus
haslong been examined 8], no particular nutrient, food,
or dietary pattern—aside from hypercaloric consump-
tion— has been consistently identified 2= increasing or
decreasing the risk for diabetes mellitus.

Adequate intake of fruits and vegetables appears to
lower the risks of all-cause mortality and morbidity
and mortality from cardiovascular disease and cancer
[9,10]. A few studies have alse suggested that adequate
fruit and vegetable consumption may lower the risk
of developing diabetes [11-13]. To further explore this
possibility, we examined the association between fruit
and vegetable intake and diabetes incidence in a na-
tional sample of U.S. adults.

SURJECTS AND METHODS

Adults aged 35-T4 years who participated in the first
National Health and Nutrition Examination Survey
{(NHANES I), conducted from 1971 to 1975, were fol-
lowed through 1992-1993 (n = 14,407). The original
sample was selected by using a complex sampling de-
aign &0 that results would be representative of the non-
institutionalized civilian population. Details of the
NHANES I and the NHANES I Epidemiclogic Follow-
up Study (NHEFS) have been published elsewhere
[14-17].
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Four attempts were made to contaet participants or
their surrogates in person and, during later follow-ups,
by telephone as well: 1952-1984, 1986 (only partici-
pants aged =55 years), 1957, and 1992-1993. Permis-
sion was requested to obtain hospital records. Deaths
were identified through searches of the National Death
Index, the Health Care Finanecing Administration en-
rollee files, and other tracing mechanisms. A partici-
pant was considered deceased only if a death certificate
fad bean received or a proxy interview had been com-
pleted to verify the death. Death certificates have been
obtained for 97% of deceased participants through 1993,

A participant had incident diabetes if: {a) he or she
confirmed that he or she had ever been tald by a doctor
that he or she had diabetes during any of the four follow.
up ¢ontacts, (b) a hospitalization record listed the Inter-
national Classification of Diseases-9-Clinical modifiea-
tion { ICD-9-CM) code 250 on any one of 10 diagnoses on
the hospital discharge sheet, or (c) the death certificate
included the ICD-9 code 250, Participants who reported
that they had diabetes were asked the year of disease
onset, We designated the midpoint of that vear as the
date of onset. For participants who did not report a
vear of onset, we assigned the midpoint between the
last date of known contact and the date of the most
recent interview. The date of onget was chosen asz the
date the condition was first reported or recorded on
institutional records or death certificates,

Participants who reported at baseline that they had
diabetes were considered prevalent cases as were parti-
cipants whe during later follow-up contacts reported a
date of onset that eccurred in the vear of their baseline
interview or earlier, and they were excluded from the
analyses,

Dharing the baseline examination, trained nutrition-
ists interviewed 11,348 participants to collect dietary
intake data with a single 24-hour recall, which asked
abeut all foeds consumed from midnight te midnight
on the preceding day (14). Foeds reported in the 24-
hour recall were later coded by the interviewers, who
uzed nutrient information from the [7.8. Department af
Agriculture Handbook No. 8 and other sources [15, 19].

We included the following as covariates in our analy-
EBS 8Fe, race or ethnicity (African Americans, white),
education (years), cigarette smoking (never, former, or
current), systolic blood pressure (mm Hg), use of antihy-
pertensive medication (yes/no), serum cholesteral con-
centration (mgfdL), body mass index (kgfm®), recre-
ational exercise (much, moderate, or little or no
eXercise), nonrecreational exercise (very active, modar-
ately active, or quite inactive), and aleohel consumption
(0, 1-2, or =3 drinks/day). The variable for cigarette
smoking was construeted from responses asked during
bath the bazeline interview and the first follow-up inter
view [20,21). Two questions were used to create the
categories of smoking: “Have vou smoked at least 100

cigarettes during your entire life? and "Do you smoke
cigarettes now?” In addition, for some analyses we in-
cluded data on total energy and fat intake, collected
irom a single 24-hour dietary recall,

Two-sample comparisons of categorical variables
were done by using chi-square tests and of continuous
variables by using t-tests, Using direct standardization,
we standardized baseline characteristics and incidence
rates to the age distribution from the 1980 consus. Per-
son-years were calenlated for each participant from the
tme of entry into the study until one of the following
conditions occurred: (a) the participant developed dia-
betes; (b) the participant died or left the study; or (¢)
follow-up was completed in 1993, The independent as-
saciation between fruit and vegetable intake and diahe-
tea incidence was examined wsing proportional hazard
models, To account for the complex sampling design,
the software SUDAAN was used in all analyses EXCEpL
for evaluation of proportionality assumptions, which
were done in SAS [22, 23],

Ofthe 14,407 participants of the NHEFS, 11,548 wera
administered the dietary questionnaires. After we de-
lzted persons who were lost to follow-up, 10,925 partici-
pants remained. We excluded participants who were not
white or African American, persons with insufficient
information to establish diabetes incidence, persons
with prevalent diabetes, pregnant women, and PErsomns
with missing data for covariates. These exclusions re-
duced the analytic sample to 9,665 participants, of
whom 1,018 had incident diabetes.

RESULTS

The mean, median, and geometric mean intakes of
fruits and vegetables per day were 3.4 (standard error
(SE), 0.1}, 3.0, and 3.1 servings per day (3E < 0.1). The
range was 0-16 servings per day. For men, these values
were 3.3 (SE, 0.1), 3.0, and 3.0 (SE, 0.1} servings per
day, rezpectively, and the range was 0-16 servings per
day. For women, these values were 3.5 (SE, 0.1), 3.0,
and 2.2 (3E, 0.1) servings per day, respectively, and the
range was (=15 servings per daw.

Participants who developed diabetes were older than
participants who remained free of this disease (Table
1). After adjusting for age, participants with incident
diabetes were less likely to be white, were less educated,
had higher systolic blood pressures and cholestero] con-
centrations, were heavier, and were more likely to he
sedentary than were participants who remained free of
this dizease. Furthermore, the mean intake of fruits
and vegetables as well as the percentage of participants
who consumed five or more fruits and vegetahles per
day were lower among persons who developed diabetes
than among persons who remained free of this dizease.
Among men, the age-adjusted means for fruit and vege-
table intake were 3.1 (3E, 0.2) servings per day for
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TABLE 1

Age-Adjusted Means or Percentages (Standnrd Errer) of Sslected Characteristics at Baseling Examination among Adolts Aged 25-74
Years, by Dinhetes Status, NHEFS 1971-1978 tn 1992-1993

Participants with
indient diab=tos

Farticipants withoat
incident diabetes

asellitus (r = 10018} mellits (n = 8647 P walige
Age (ynars) A0.T (0.&) 6.4 (0.3) <200k
Men (98) 455 (2.4) 48,2 ({L.5) 0,785
Whike (%) SL.5 (2.4} 80,3 (0.9) =201
Education (years) 1007 (0CZy LG (0.1 =01
Current smokee (%) BT (2.7) 4089 (0,83 A28
Syztolic blood pressure (mm Hgh 1384 (1.1} L1305 (0,50 =001
Cholezterol conenteation fmgfdl) 2232023 Z1E.1 (0.9} 0,023
By imass index (kgfm®) 9.8 (0.3) 25.1 (0.1) <0,
Aleabol intake {drinks per day) 0.6 (0.1} 0.6 (=0.1) 0.335
Recreational exercise, % little or no exercise 817 (2.5) 42.5{1.2) =01
Moorecreational activity, % quite inactive 1008 (1,2 9,3 00.58) 01495
Fruit nnd vepetable intake (servings por day) 0001y 3.4 00,10 =001
Consumptinn of =5 servings of fruits and
vegetables per day (%) 153 (1.8 260 (LX) < (.001

diabetic men and 3.3 (SE, 0.1) servings per day for
nondiabetic men (P = 0.257). The percentage consum-
ing five or more servings of fruits and vegetables per
day was 19.6% (3E, 2.7) among diabetic men and 25 6%
{ZE, 1.4) among nondiabetic men (P = 0.055). Among
women, the age-adjusted means for fruit and vegetable
intake were 2.9 (SE, 0.1) servings per day for digbelic
women and 3.6 (SE, 0.1} servings per day for nondia-
betic women (P = <0.001). The PErcentage consuming
five or more servings of fruits and vegetables per day
was 18.9% (SE, 2.0) among diabetic women and 30,2
(SE, 1.2) among nondiabatic women (P < 0.001).

The overall incidence rate decreased with increasing
consumption of fruits and vegetables (Table 2). The
proportional hazards model generally supported this
pattern, After adjusting for age, race or ethnicity, ciga-
rette smoking, systolic bleod pressure, use of antihvper-
tensive medication, serum cholesteral concentration,
body mass index, recreational exercise, nonrecreational
exercide, and aloohol consumption, the hazard ratio for
participants consuming five or more servings of feuits
and vegetables per day was 0.73 (95% O, 0.54-0.98],
When we also adjusted for education, the hazard ratio
changed to 0.79 (95% CI, 0.59-1.06), Adding vitamin
and mineral use, percentage calories from fat, and total
energy intake to the model did not change the hazard
ratio for participants consuming five or more servings
of fruits and vegetables per day but did widen the confi-
dence intervals. The hazard ratios for fruit and vegata-
ble intake as a continuous variable were (.97 (95% CI,
0.94-1.01) for all participants (P = 0.100), 1.01 (95%
Cl, 0.96-1.06) for men (P = (.696), and 0.94 (95% CI,
0.890-0.99) for women (P = 0.022) for models that in-
cluded education.

The reduction in diabetes risk with increased fruit

and vegetable intake was greater for women than for
men (F = 0L071). Among women, those conan ming five
or more servings of fruits and vegetables per day had
a hazard ratio of (L61 (95% CI, 0.42—0.88) and a dose
response appeared to be present (Table 2). In contrast,
no clear effoct of eating fruits and vegetables on the
risk of dinbetes was evident among men.

DISCUSSI0N

Recommendations about adequate consumption of
fruits and vegetables have been based largely on studies
of cancer and cardiovascular disease, Our results AUR-
port the results of only a few prospective [11-13] and
cross-sectional studies [24] that suggest that fruit and
vegetable consumption may also decrease the risk for
diabetes. The reduction in risk was evident only among
women, however, Furthermore, our results suggest that
education may be related to diabetes incidence through
its positive association with fruit and vegetable con-
sumption.

The effect of several dietary factors on 2-h postload
glucose concentrations was examined among 338 Dutch
and Finnish men followed for about 20 vears [12]. In-
creases in fruit and vegetable intake during the 20-vear
follow-up period but not baseline fruit and vegetable
intake were inversely associated with 2-h pestload glu-
cose concentrations, In our study, we followed almost
10,000 men and women and found a significant inverse
relationship between fruit and vegetable intake and
diabetes incidence among women but not AMMOTNE MEn.
The two studies had similar durations of follow-up and
occurred during similar calendar periods. However,
they differed in the ages of the cohort members. Fur-
thermare, glucose determinations were done in the two
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cohorts of the Seven Countries study but not in the
NHEFS, In addition, some differences in the types of
fruits and vegetables that were consumed are possible
due to cultural differences.

Several possible weaknesses in our study deserve to
be acknowledged. Persons who consume  higher
amounts of fruits and vegetables differ from persons
who eat fewer fruits and vegetables [25]. Although we
adjusted for a number of these known differences, wa
cannot dismiss the possibility of residual confounding.
Furthermore, unknown differences conld have affectad
our findings. We did not have good data about dietary
intakes at the individual level. Only a single 24-hour
dietary recall was administered to participants. Using
this mensure of fruit and vegetable intake at baseline
has limitations, becauze it does not address the var-
ability of dietary intake from day to day [26], Therefore,
nondifferential misclassifeation should drive oor re-
aults toward the null hypothesis, and our findings may
b an underestimate of the true protective effect of fruit
and vegetable intake, Thus, adjusting for intakes of
total energy and fat was problematical. On the other
hand, we could have underestimated the risk if misclas-
sification of both the endpoint and the intake of fruits
and vegetables was nondifferential, Although hospital
records and death certificates may underreport the di-
agnosis of diabetes mellitug (27, 28], self-reports of dia-
betes are generally good [25). About one-third to half
of persens with diabetes are unaware of their condition,
however [30,31]. Finally, we were unable to differenti-
ate persons with type 1 diabetes mellitus from those
with type 2 diabetes mellitus. The vast majority of cases
were likely type 2 diabetes mellitus, however.

Our study had several strengths that increase our
confidence that our findings were valid. We were able
te adjust for a number of rsk factors, thus reducing
the chanee that fruit and vegetable intake was a marker
for these risk factors. We were able to examine the
relationship ever a long follow-up peried, thus reducing
the chance that the obzerved effeet was a rezult of undi-
agnosed diabetes. And we were able to compare findings
by sex in o nationally representative sample.

Fruits and vegetables contain numerous phytonu-
trients that can affect disease risk. Fruits and vegeta-
bles are excellent sources of dietary fiber. By increasing
the viscosity of contents of the stomach and small intes-
tine, soluble fiber delays the absorption of nutrients,
thereby blunting the postprandial rise in bleod glucsse
and insulin [32]. Thus, by improving glucese control
and peripheral insulin sensitivity, dietary fiber may
rieduce the risk of developing diabetes [53,24), Epidemi-
ologie studies have presented inconsistent findings
about the association between Gber and diabetes inci-
dence, however. Some have found some sources of fiber
to be protective [35] whereas others found no assoeia-
tion Dbetween dietary fiber and diabetes mellitus

[12,36,37], Low fiber consumption is also associated
with hyperinsulinemia and insulin resistance [27,38].

Fruits and vegetables are good sources of minerals
such as magnesium, which may lawer the risk of devel-
oping diabetes mellitus [12,25]. Magnesium plays an
important role in ingulin action, and hypomagnesemia
iz well recognized in persons with diabetes [39]. Hypo-
magnesemia may impair insulin seeretion and promote
inzulin resistance in the diabetic patient [40.47]. In
addition, blood concentrations of magnesium and mag-
nesium intake have heen found to be inversely related
to insulin concentrations in population-based studies
[42,43). Fruits and vegetables also contain numerous
compaunds with antioxidant properties such as carot-
ennids, flavoneids, vitamins, polyphenols, and indoles.
Some research sugpests that antioxidants could have
favorable effects on the pathopenesis of diabetes melli-
tus [44-48]. Vitamin C intake has been inversely re-
lated to the incidence of diabetes and impaired glucose
tolerance in a echort study [13]. Vitamin E concentra-
tions, commenly found in vegetable and seed oils, may
be inversely related to the incidence of diabetes mellitus
[49] although another study failed to find a significant
association after adjustment for various risk factors
[50].

Our results from the NHEFS are consistent with
those of other studies that have shown an inverse asso-
ciation between fruit and vegetable consumption and
diabetes incidence or prevalenee, If future studiss cor-
roborate these findings, possible mechanisms will need
to be elucidated. Because of the growing burden of dia-
betes in the United States, new approaches to primary
and secondary prevention need to be explored. Pro-
grams aimed at increasing the fruit and vegetable con-
sumption to reduce the burden of cancer and eardiovas-
cular disease may also favorably affect the diahetes
epidemic. The pessibility that eating more fruits and
vegetables may lower diabetes incidence is an addi-
tional reason to adopt this healthy behavior.
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