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Abstract

Background—Despite the promising findings from short-term intervention trials, the long-term
effect of habitual fruit and vegetable intake on blood pressure (BP) remains uncertain. We
therefore assessed the prospective association between baseline intake of fruits and vegetables and
the risk of hypertension in a large cohort of middle-aged and older women.

Methods—We conducted analyses among 28,082 US female health professionals aged >39
years, free of cardiovascular disease, cancer, and hypertension at baseline. Baseline intake of fruits
and vegetables was assessed using semi-quantitative food frequency questionnaires. Incident
hypertension was identified from annual follow-up questionnaires.

Results—During 12.9 years of follow-up, 13,633 women developed incident hypertension. After
basic adjustment including age, race, and total energy intake, the hazard ratio and 95% CI of
hypertension was 0.97 (0.89-1.05), 0.93 (0.85-1.01), 0.89 (0.82-0.97), and 0.86 (0.78-0.94)
comparing women who consumed 2-<4, 4-<6, 6-<8, and =8 servings/day of total fruits and
vegetables with those consuming <2 servings/day. These associations did not change after
additionally adjusting for lifestyle factors but were attenuated after further adjustment for other
dietary factors. When fruits and vegetables were analyzed separately, higher intake of all fruits but
not all vegetables remained significantly associated with reduced risk of hypertension after
adjustment for lifestyle and dietary factors. Adding body mass index to the models eliminated all
associations.

Conclusions—Higher intake of fruits and vegetables, as part of a healthy dietary pattern, may
only contribute a modest beneficial effect to hypertension prevention, possibly through
improvement in body weight regulation.
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Introduction

Methods

Hypertension remains the most common chronic disease in the U.S.,! affecting more than
74.5 million adults in 2003-2006.2 As a major risk factor for cardiovascular disease, renal
disease, and other morbidities, hypertension is the largest contributor to deaths in the US and
world-wide.3* Among many known modifiable risk factors, diet plays a prominent role in
the development of hypertension. Dietary change can lower blood pressure (BP), prevent the
onset of hypertension, and reduce the risk of hypertension related clinical complications.®

Individuals whose diets are based on vegetable products have lower BP levels and lower
incidence of hypertension than those who consume regular western diets.® Small feeding
trial showed that changing from an omnivorous to a vegetarian diet can lower BP in
hypertensive’ individuals with no change in body weight. In the Dietary Approaches to stop
Hypertension (DASH) trial, the diet emphasizing fruit and vegetable intake significantly
reduced BP during an 8-week intervention, albeit to a smaller magnitude than the
combination DASH diet rich in fruits, vegetables, and low-fat dairy foods, and reduced in
total fat, saturated fat, and cholesterol.8-19 A more recent trial among healthy volunteers
recruited from a primary-care health center, the Oxford Fruit and Vegetable Study, also
found that after a 6-month intervention that encouraged increases in fruit and vegetable
consumption to at least 5 servings/d, both systolic and diastolic BP were substantially
reduced compared with the control group that continued their usual diet without receiving
specific advice.11 These trials have provided solid evidence for the benefits of fruit and
vegetable intake on lowering BP in select participants during short-term intervention.

Several epidemiologic studies also examined the association between habitual fruit and
vegetable intake and BP change as well as risk of elevated BP or hypertension during long-
term follow-up.1217 The findings have generally shown an association between high fruit
and vegetable consumption and low risk of hypertension, but the magnitude of association
varied by participants’ characteristics, methods of diet assessment and outcome
ascertainment, and duration of cohort follow-up. In the current study, we investigated the
prospective association between intake of total, subgroup, and individual items of fruits and
vegetables and the subsequent risk of hypertension over an average of 12.9 years follow-up
in a large cohort of middle-aged and older US women.

Study Population

The Women’s Health Study (WHS) was a randomized, double-blind, placebo-controlled,
2x2 factorial trial evaluating the risks and benefits of low-dose aspirin and vitamin E in the
primary prevention of cardiovascular disease and cancer.1819 A third component, B-
carotene, was initially included in the WHS but terminated after a median treatment of 2.1
years.20 Written informed consent was obtained from all participants. During the WHS,
participants received study agents and follow-up questionnaires by mail and reported the
occurrence of major morbidities and risk factor information every 6 months for the first year
and annually thereafter. The trial and ongoing cohort follow-up was approved by the
institutional review board of Brigham and Women’s Hospital, Boston, MA.

From September 1992 to May 1995, a total of 39,876 female US health professionals, aged
39 to 89 years and free from cardiovascular disease and cancer (except non-melanoma skin
cancer), were randomized into the WHS. Of those randomized, 39,310 (98.6%) completed a
131-item validated semiquantitative food frequency questionnaire (FFQ). For this study, we
excluded 10,751 women with hypertension at baseline, defined as having a self-reported
physician diagnosis of hypertension, self-reported systolic BP 2140 mmHg or diastolic BP
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>90 mmHg, or any history of antihypertensive treatment. Baseline systolic BP was reported
as 1 of 9 ordinal categories in 10 mmHg increment from <110 to =180 mmHg, and diastolic
BP was reported as 1 of 7 ordinal categories in 5 or 10 mmHg increment from <65 to =105
mmHg. We also excluded 829 women who reported implausible total daily energy intake
(<600 or >3,500 kcal/d), 41 women who had pre-randomization cardiovascular disease or
cancer, 21 women who had >70 items left blank on the FFQ, and 109 women who provided
incomplete information for assessment of fruit and vegetable intake. After all the exclusions,
a baseline population of 28,082 women remained for analyses.

Assessment of Fruit and Vegetable Intake

On the baseline FFQ, a commonly used unit or portion size was specified for each food
item. Participants were asked how often they had consumed that amount, on average, during
the previous year. Nine possible responses ranging from “never or less than once per month”
to “6+ per day” were reported. The FFQ included 28 vegetable items and 16 fruit items. The
average daily intake of individual fruit and vegetable items was converted from the
responses and summed to compute total fruit, total vegetable, and total fruit and vegetable
intake. We also a priori combined specific vegetables into subgroups of green leafy
vegetables (spinach, kale, and lettuce), cruciferous vegetables (broccoli, cabbage,
cauliflower, and Brussels sprouts), and dark and yellow vegetables (carrots, yellow squash,
yams, and sweet potatoes), established by Smith et al.2% In similar populations of female
health professionals, the FFQ has demonstrated high validity as a measure of long-term
average dietary intake.22-24 |n the Nurses’ Health Study, Pearson correlation coefficients
comparing responses from the FFQ with those from four 1-week detailed dietary records
spaced over a year were 0.80 for apples, 0.84 for grapefruit, 0.74 for tomatoes, and 0.50 for
yellow squash.22

Ascertainment of Incident Hypertension

Incident hypertension was ascertained from annual follow-up questionnaires by meeting at
least 1 of 4 criteria: a new physician diagnosis of hypertension; newly initiated
antihypertensive treatment; self-reported systolic BP elevated to 2140 mmHg; or self-
reported diastolic BP elevated to 290 mmHg. Women reported the month and year of
hypertension diagnosis. For missing dates of physician diagnosis or hypertension defined by
other criteria, time of event was assigned by randomly selecting a date between
questionnaires without and with hypertension. Individuals who developed cardiovascular
disease during follow-up, for which the management may affect BP, were censored on the
date of cardiovascular disease diagnosis. In health professionals, self-reported BP correlates
well with measured systolic BP (r=0.72) and diastolic BP (r=0.60),2° and the validity of self-
reported hypertension is high.1226 |n the Nurses’ Health Study, all women in a sub-sample
who reported hypertension were confirmed by medical record review with documented
systolic and diastolic BP >140/90 mmHg;2% in the Health Professionals’ Follow-up Study,
all men in a sub-sample who reported hypertension were confirmed by medical record
review with physician diagnosis.1? In a random sample of WHS participants, self-reported
incident hypertension was confirmed in 48 of 50 (96%) women and absence of hypertension
was confirmed in 45 of 50 (90%) women through telephone interviews.

Other Baseline Variables

On the baseline questionnaire, women provided self-reports of age, weight and height,
smoking status, alcohol use, physical activity, postmenopausal status, postmenopausal
hormone use, multivitamin supplement use, history of physician diagnosed diabetes, and
history of hypercholesterolemia. Body mass index (BMI) was computed as body weight (in
kg) divided by square of height (in m). Total alcohol intake was calculated by summing
alcohol content from beer, wine, and liquor consumed. Physical activity was assessed from
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self-reported frequency, intensity, and duration of walking and recreational activities, and
expressed as energy expenditure in kcal/week. Hypercholesterolemia was defined as having
a physician diagnosis of high cholesterol, self-reported total cholesterol concentration =240
mg/dL, or past or current treatment for high cholesterol.

Data Analyses

Results

Statistical analyses were performed using SAS software (SAS Institute, Cary, NC, USA)
version 9.1. We divided intake of fruits and vegetables into pre-determined categories that
reflect current public health recommendations.2-28 Distribution of hypertension risk factors
was compared across categories of fruit and vegetable intake to identify potential
confounding factors. Person-years of follow-up were calculated for each participant from
randomization to the date of incident hypertension, the last day in the study, or 2° February
2007, whichever came first. After verifying the assumption of proportional hazards over
time (p>0.05), we used Cox models to estimate the hazard ratio (HR) and 95% confidence
interval (Cl) of hypertension across levels of fruit and vegetable intake. Models first
adjusted for age, race, total energy intake, and randomized treatment assignment; then
additionally adjusted for lifestyle factors including smoking status, alcohol use, physical
activity, postmenopausal status, postmenopausal hormone use, multivitamin supplement use,
history of diabetes, and history of hypercholesterolemia (multivariable model 1); and finally
adjusted for other dietary risk factors for hypertension including the intake of whole grains,
red meats, low-fat dairy products, and nuts (multivariable model 2). Because the potential
effect of fruit and vegetable intake on BP may be mediated by body weight regulation, we
also evaluated the extent to which the adjustment for BMI might affect the association of
fruit and vegetable intake with hypertension risk. Analyses were further stratified by known
hypertension risk factors including age (<55, >55 years), BMI (<25, >25 kg/m?), smoking
status (current, non-current), and baseline systolic/diastolic BP (<120/80, >120/80 mmHg).
Multiplicative interactions were tested using Wald y2 tests. Sensitivity analyses that
considered alternative definitions for incident hypertension (e.g. self-reported elevated BP
only, physician diagnosis or antihypertensive treatment only) and treated intermediate
cardiovascular disease as diagnosed hypertension yielded similar results (data not shown).

Among 28,082 women free of hypertension at baseline, the mean = SD intake of total fruits
and vegetables was 6.1 + 3.6 servings/d, including 2.2 + 1.6 servings/d of total fruits and 3.9
+ 2.6 servings/d of total vegetables. The proportion of women that consumed >5 servings/
day of total fruits and vegetables, as recommended by US Centers for Disease Control and
Prevention,28 was 31.6%. Women with higher fruit and vegetable intake were older, less
likely to be current smokers, exercised more, and more likely to use postmenopausal
hormones (Table 1). Women with higher fruit intake had lower baseline BMI, consumed
less alcohol, were more likely to take multivitamin supplements and to have history of
hypercholesterolemia, while women with greater vegetable intake had similar baseline BMI
and consumed more alcohol. Greater fruit and vegetable intake was also associated with
higher total energy intake and higher consumption of whole grains and low-fat dairy
products. Baseline diastolic, but not systolic, BP decreased with increasing fruit and
vegetable intake.

During a mean of 12.9 years of follow-up, 13,633 women developed incident hypertension.
After adjusting for age, race, total energy intake, and randomized treatment, there was a
significant, inverse association between baseline total fruit and vegetable intake and
subsequent risk of hypertension (Table 2): the HRs and 95% Cls of hypertension were 0.97
(0.89-1.05), 0.93 (0.85-1.01), 0.89 (0.92-0.97), and 0.86 (0.78-0.94) (p, trend: < 0.0001)
comparing women who consumed 2-<4, 4-<6, 6-<8, and =8 servings/day with those who
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consumed <2 servings/day. This association was slightly attenuated after adjustment for
lifestyle factors and further attenuated after adjustment for intake of other foods. When total
fruits and total vegetables were analyzed separately, an inverse association was observed for
both in the basic model while the magnitude of association appeared stronger for total fruits.
After adjusting for lifestyle factors and other food intake, total fruits (HR in the highest
category: 0.89, 95%CI: 0.81-0.96, p, trend: 0.0005) but not total vegetables (HR in the
highest category: 0.99, 95%CI: 0.92-1.06, p, trend: 0.54) remained significantly and
inversely associated with risk of hypertension. Adding BMI eliminated the associations in
all multivariable models.

We further examined the consumption of subgroups and individual fruit and vegetable in
association with the risk of hypertension. After adjusting for lifestyle and other dietary
factors, a reduced risk of hypertension with higher fruit intake was observed mainly for
apples, oranges, and raisins (Table 3). Compared with women who consumed respective
fruit item rarely, the multivariable model 2 adjusted HRs of hypertension were 0.91 (95%ClI:
0.84-0.98) for those consuming apples or oranges >4 servings/d and 0.90 (95%ClI:
0.84-0.95) for those consuming raisins >1 serving/week. In parallel, the reduced risk of
hypertension with higher vegetable intake was observed mainly for green-leafy vegetables
and dark-yellow vegetables (Table 4). Compared with women who consumed <0.2 servings/
d of respective vegetable subgroups, the multivariable model 2 adjusted HRs of
hypertension were 0.94 (95%CI: 0.88-1.01) for those consuming >1.0 servings/d of green-
leafy vegetables and 0.88 (95%CI: 0.82-0.95) for those consuming >1.0 servings/d of dark-
yellow vegetables.

When we stratified analyses by participant baseline characteristics,(Table 5) the associations
between fruit and vegetable intake and risk of hypertension were generally similar by
subgroups of baseline age, BMI, smoking status, and BP, with a borderline significant
interaction (p = 0.02) with baseline BP. The magnitude of association was stronger for total
fruits than for total vegetables in all subgroups.

Discussion

In this large-scale prospective cohort of middle-aged and older women, we found an inverse
association between total fruit and vegetable intake and risk of hypertension. The association
remained significant after adjustment for lifestyle factors, but was no longer significant after
adjustment for other dietary factors. When fruit and vegetable intake was examined
separately, fruit intake was more strongly and significantly associated with risk of
hypertension than vegetable intake, but all associations were eliminated after adding BMI
into the model.

Dietary intervention trials,81! including the DASH trial,® have demonstrated a short-term
BP-lowering effect of increased fruit and vegetable consumption. Of prospective
observational studies, the Health Professionals Follow-up Study!2 and the Nurses’ Health
Study3 previously reported that high baseline intake of fruits and vegetables was associated
with lower BP as well as lower risk of hypertension after 4 years of follow-up. The
CARDIA study found that baseline fruit and vegetable intake was inversely related to 15-
year incidence of elevated BP among young adults.!* In the Chicago Western Electric
Study, baseline fruit and vegetable intake was inversely related to 7-year BP change among
middle-aged men.1®> Among Spanish participants in the Seguimiento University of Navarra
(SUN) Project, an inverse association between fruit and vegetable intake and risk of
hypertension was found particularly for those who consumed low levels of olive 0il.16 In a
recent Japanese study, high intake of fruit, but not vegetable, was associated with a lower
risk of future hypertension among subjects without baseline hypertension.17 In line with
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these findings, our study results strengthen evidence for a long-term benefit of fruit and
vegetable consumption in prevention of hypertension among free-living individuals. These
results also corroborate our earlier findings in the same cohort that higher intake of fruits
and vegetables was associated with a lower risk of CVD, and the association was partly
explained by other heart-healthy lifestyle factors and traditional CVD risk factors.2

In the present study, an inverse association with hypertension risk appeared to be stronger
for intake of fruits than for vegetables. After adjustment for intake of other foods, a tendency
towards reduced risk of hypertension with high vegetable intake did not reach the
conventional significance level at 0=0.05. Although similar weak associations with
vegetable intake have been also noted in other studies,}2:14.17 in the context of a totality of
existing literature, our study findings cannot rule out the possibility that vegetable intake
contributes to lower risk of hypertension. One possible explanation for this weak association
is the complicated processing of vegetable while consumed. The added fats and seasonings
and the method of cooking may have offset part of the beneficial effect of fresh vegetables,
though additional adjustment for sodium and total fat intake only marginally changed our
observed association (data not shown). Moreover, because vegetable intake is inherently
integrated into the overall lifestyle, it is not surprising to observe only a modest effect
remaining for vegetables alone when many other behavioral and dietary factors are
simultaneously considered.

Many known nutrients rich in fruits and vegetables, such as fiber, potassium, magnesium,
folate, and vitamin C, are postulated to lower BP. Trials that tested the BP-lowering effects
of these nutrients in the form of dietary supplements have shown inconsistent results,39-31
suggesting that other components in fruits and vegetables or potential interactions among
multiple nutrients may be responsible for the benefits. When we examined individual and
subgroups of fruit and vegetable, a stronger inverse association was observed for green-leafy
vegetables, dark-yellow vegetables, apples, oranges, and raisins. Dark-green and orange
vegetables have been emphasized in the dietary recommendations by the US Department of
Agriculture (USDA)?7 and Harvard healthy eating guidelines.32 It is possible that the
nutrient components in these food subgroups have particularly strong effects on BP, but this
hypothesis needs to be further investigated. Elimination of the associations after adjustment
for BMI supports a concept that maintaining normal body weight could be one important
pathway through which fruit and vegetable consumption may contribute to BP regulation.33

The 5-A-Day for Better Health program since 1991 has substantially increased public
awareness on the importance of fruit and vegetable intake.28 However, data from the 2005
Behavior Risk Factor Surveillance System (BRFSS) showed that average fruit intake among
Americans aged >2 years remained the same (1.6 servings/d) from 1994-1996 to 1999-2002
and that average vegetable intake declined from 3.4 to 3.2 servings/d during the same
period.34 Data from NHANES 1999-2002 showed that only 28% of US adults consumed
fruits >2 servings/d and 32% adults consumed vegetables >3 servings/d.3® These data
underscore the need for continued intervention that encourages greater fruit and vegetable
consumption among US adults. Our study offers additional support to the current USDAZ’
and American Heart Association® dietary guidelines, which emphasizes a DASH-type
dietary pattern rich in fruits and vegetables, rich in low-fat dairy products, and low in
saturated fat and cholesterol. The modest magnitude of association in our study indicated
that fruits and vegetables alone may contribute only a small proportion of the BP-lowering
effect of the DASH diet. Of note, adherence to low-risk dietary, including DASH diet, and
lifestyle factors has been associated with a substantially lower incidence of hypertension
during long-term follow-up.36
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Our study has several strengths, including a large sample size, the prospective study design,
close cohort follow-up, standardized ascertainment of endpoint, and comprehensive
assessment of covariates. Nevertheless, limitations of this study also deserve comments.
First, because fruit and vegetable intake was assessed from a single baseline FFQ,
measurement error is of concern. However, such measurement error is unlikely to be
prospectively associated with the endpoint, and thus the non-differential misclassification
would tend to bias observed association towards a more conservative estimate. Second, the
current study is a secondary analysis of the WHS cohort and incident hypertension is a post-
hoc, self-reported endpoint also subject to misclassification. Whereas the high accuracy of
self-reported hypertension among health professionals has been consistently
demonstrated,2%:26 and sensitivity analyses using alternative definitions for incident
hypertension yielded similar results. Third, despite comprehensive adjustment for multiple
lifestyle, clinical, and dietary factors, residual confounding by unmeasured or imprecisely
measured hypertension risk factors may persist. Finally, the relative homogeneity of the
WHS cohort in terms of race/ethnicity, education, and socioeconomic status may have
limited study generalizability. Yet similar associations reported in other study
populations4-17 suggest that our results may indeed be applicable to the general population.

In conclusion, in this large-scale prospective cohort of middle-aged and older women,
higher intake of fruits and vegetables was associated with a lower risk of hypertension in
minimally adjusted models, but these associations were attenuated and no longer statistically
significant upon adjustment for other dietary factors and BMI. High intake of fruits and
vegetables, as part of an overall healthy dietary pattern, may only contribute a modest
beneficial effect to hypertension prevention, possibly through improvement in body weight
regulation.
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