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ABSTRACT
Background: Prospective data on the relation between whole grain
intake and incident hypertension in men are limited, and no pre-
vious studies have quantitatively estimated total grams of whole
grains in relation to risk of hypertension.
Objective: The purpose of this study was to estimate the associa-
tion of whole-grain intake (g/d) and risk of incident hypertension in
a large prospective cohort of men.
Design: The Health Professionals Follow-Up Study is a prospective
cohort consisting of 51,529 male health professionals ranging in age
from 40 to 75 y at enrollment in 1986. Baseline and updated mea-
surement of whole-grain intake as well as important covariates were
measured, and 31,684 participants without known hypertension,
cancer, stroke, or coronary heart disease were followed prospec-
tively for 18 y through 2004 for onset of hypertension.
Results: A total of 9227 cases of incident hypertension were re-
ported over the 18 y of follow-up. In multivariate-adjusted analyses,
whole-grain intake was inversely associated with risk of hyperten-
sion, with a relative risk (RR) of 0.81 (95% CI: 0.75–0.87) in the
highest compared with the lowest quintile (P for trend, 0.0001). In
the multivariate model, total bran was inversely associated with
hypertension, with a relative risk (RR) of 0.85 (95% CI: 0.78,
0.92) in the highest compared with the lowest quintile (P for trend:
0.002).
Conclusions: In summary, we found an independent inverse asso-
ciation between intake of whole grains and incident hypertension in
men. Bran may play an important role in this association. These
findings have implications for future dietary guidelines and preven-
tion of hypertension. Am J Clin Nutr 2009;90:493–8.

INTRODUCTION

Hypertension remains a major cause of morbidity among men
and is particularly important as a contributing factor in the de-
velopment of coronary heart disease, stroke, and renal failure (1–
5). Recent studies have suggested an inverse relation between
daily servings of whole-grain foods and incident hypertension
among women (6). Prospective data on the relation between
whole-grain intake and incident hypertension among men are
limited, and, to our knowledge, no previous studies have quan-
titatively estimated total grams of whole grains in relation to risk
of hypertension.

In contrast with refined grains, in which only the starchy
endosperm is retained, whole grains contain the bran and germ
components, thus providing a wider range of nutrients with
potential health benefits, including potassium, magnesium, fo-
late, carbohydrates, cereal fiber and other compounds in smaller
quantities.

The most recent (2005) Dietary Guidelines for Americans (7)
recommend the consumption of �3 oz equivalents (85 g) of
whole-grain products per day and that �50% of grains be
consumed as whole grains. Increasingly, food manufacturers’
product labels have listed the whole-grain content for relevant
foods. It is now both advisable and feasible to make dietary
assessments of whole-grain intake in epidemiologic studies on
a gram weight basis. In previous analyses of prospective cohorts,
measurement of whole-grain intake has been limited to sum-
ming servings of specific foods, selected for their relatively high
whole-grain content. We developed a new food-composition
database, allowing estimation of whole-grain intake in g/d from
all foods.

SUBJECTS AND METHODS

Study population

The Health Professionals Follow-up Study (HPFS) is a pro-
spective cohort of 51,529 male health professionals ranging in age
from 40 to 75 y at enrollment in 1986. The cohort of 29,683
dentists, 3745 optometrists, 2218 osteopaths, 4185 pharmacists,
1600 podiatrists, and 10,098 veterinarians completed a baseline
mailed survey of detailed information about medical history, di-
etary intake, lifestyle, and demographic information in 1986.
Every 2 y subsequently, follow-up questionnaires were completed
that contained information on interim medical history and updated
lifestyle characteristics. Detailed dietary intake, assessed with
a semiquantitative food-frequency questionnaire (FFQ) (8, 9) was
collected at baseline in 1986 and every 4 y subsequently. For these
analyses we excluded participants with 1) prevalent cancer, stroke,
or coronary heart disease at baseline; 2) a diagnosis of hyper-
tension at baseline; and 3) missing diet information. After these
exclusions, 31,684 men were eligible. The procedures followed
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were in accordance with the ethical standards of the Institutional
Review Board of the Harvard School of Public Health.

Exposure measurement

Information on whole-grain intake and other dietary measures
was collected with a validated semiquantitative FFQ (8, 9).
Briefly, the FFQ was designed to assess average food intakes over
the previous year and included questions regarding the con-
sumption of grain foods such as white and dark bread, cooked
white and brown rice, and cold breakfast cereals and pasta. The
nutrient composition database was updated with each FFQ cycle
to reflect the foods sold in that time period, thus capturing secular
trends in food availability and composition. The new food-
composition database, which allowed estimation of whole-grain
intake in g/d, is described in detail elsewhere (10, 11). In brief,
intakes of whole grains, bran, and germ were calculated by
determining thewhole-grain content of each grain food according
to the dry weight of its whole-grain ingredients. Nutrient profiles
of the various grain foods were derived by using composite
recipes, US Department of Agriculture nutrient data, and product
labels, whereas cookbooks were used to estimate contents of
home-prepared bakery items. Whole grains were considered by
definition to contain the expected proportion of bran, endosperm,
and germ for the specific grain type. Natural, as applied here to
bran and germ, refers to that quantity of each typically naturally
occurring in each grain type. Added bran or germ is that quantity
of each contained in the food, as assessed by manufacturer label
or other information sources, in excess of that naturally occur-
ring. Added also includes that amount from specific responses on
the FFQ, where men reported average intake of bran or wheat
germ that they added to other foods. Total bran and total germ
are the sum of naturally occurring and added components. In-
takes were categorized into quintiles by using the cumulative
average update (average of all past measures) method (9, 12–
14). Simple update intakes were defined as those reported on the
most recent FFQ.

Outcome measurement

Incident hypertension was self reported, based on each bi-
ennial questionnaire. Each participant was asked to report if he
has “had any of the following professionally diagnosed illnesses,”
with the first response item being “high blood pressure.” The
calendar year of diagnosis was recorded and used to estimate
a time to event month assignment for the purposes of survival
analysis, based on the month of questionnaire return. Self report
of hypertension was previously validated in this cohort (15, 16).

Covariates

Information on potential confounding factors, including
medical history, food, and nutrient intake, and lifestyle behaviors
that could influence the relation between whole-grain intake and
hypertension were gathered from the 1986 baseline and updated
on subsequent follow-up surveys by using validated measures
(16). Family history of coronary heart disease was reported on the
1986 questionnaire and was considered positive for myocardial
infarction occurring in either parent before age 60 y. Family
history of hypertension in a sibling or parent was also recorded.
Cigarette smoking status was based on the baseline survey and

subsequent updates and was categorized as current, former, or
never. In the multivariate models, the current smokers were
further classified according to 3 categories of daily cigarette dose.

Information on dietary intake of total energy, fruit, vegetables,
alcohol, potassium, magnesium, total fiber, folate, and cereal
fiber were derived from a semiquantitative FFQ (8) completed at
baseline (1986) and at 4-y intervals (1990, 1994, 1998, and 2002)
during follow-up.

Height and weight were self-reported at baseline, and weight
was updated from follow-up questionnaire responses. Body mass
index (BMI) was calculated as weight (kg)/height2 (m). In
studies of validity of self-report by men and women in the HPFS
and other samples, the correlations between self-reported height
and weight and direct measurements have been high (r . 0.9)
(17). BMI (in kg/m2) was divided into categories of 18.5–22.9,
23.0–24.9, 25.0–29.9, and �30. Participants reported their
physical activity level on each questionnaire by indicating the
number of hours per week spent in specific activities in the
preceding year, a measure that was previously validated (18).
Total hours per week spent in moderate-to-vigorous activity was
calculated and categorized in quintiles.

Statistical analysis

Cox proportional hazard regression was used to model the
relation between time-varying whole-grain intake and incident
hypertension (19). All analyses were adjusted for age and total
energy intake. Potential confounding factors were considered
a priori on the basis of known risk factors for hypertension.

In addition to multivariate models, exploratory models were
run separately with the use of additional terms for whole-grain
constituents, specifically naturally occurring and added bran and
naturally occurring and added germ, potassium, magnesium, total
fiber, folate, and cereal fiber.

The assumption of proportional hazards was tested formally by
introducing an interaction term for time by exposure and
assessing the contribution of this interaction to each final model
with a likelihood ratio test. All analyses were conducted by using
SAS 9.1 (SAS Institute Inc, Cary, NC).

RESULTS

A total of 9227 cases of incident hypertension among the
31,684 men were reported over the 18 y of follow-up. The
participants’ baseline characteristics and mean energy-adjusted
intakes by quintile of whole-grain intake are shown in Table 1.

We used the cumulative average update method to assign
participants to quintiles of whole-grain intake during follow-up
and calculated the relative risks (RRs) and 95% CIs for incident
hypertension (Table 2). Results derived by using the simple
update method were not substantially different (data not shown).
In the age- and energy-adjusted analyses, the RR decreased by
quintile of whole grains to a minimum of 0.72 (95% CI: 0.67,
0.77) in the highest compared with the lowest quintile of intake.
The inverse association persisted, although moderately attenu-
ated (RR: 0.81; 95% CI: 0.75, 0.87), after multivariate adjust-
ment for potential confounding factors (see Table 2 footnote).
The test for inverse linear trend was still strongly significant.

BMI was not included in the main multivariate model because
weight was presumed to play a role in the causal pathway by
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which whole-grain intake might affect risk of hypertension. In
exploratory models, the addition of updated BMI resulted in
moderate attenuation of the inverse association (RR: 0.87; 95%
CI: 0.81, 0.93) for the highest quintile of whole grains.

In further exploratory analyses, constituents of whole grains—
specifically naturally occurring bran, added bran, naturally oc-
curring germ, added germ, potassium, magnesium, total fiber,
folate, and cereal fiber—were introduced individually to the

TABLE 1

Baseline characteristics and mean energy-adjusted intakes by quintile of whole-grain intake in 31,684 men: Health Professionals Follow-Up Study, 19861

Quintile of whole-grain intake

1 2 3 4 5

Median intake (g/d)2 3.3

(0–6.5)

9.8

(6.6–13.2)

17.1

(13.3–21.4)

26.9

(21.5–34.2)

46.0

(34.3–326.4)

Age (y) 52.5 6 9.33 51.9 6 9.2 52.4 6 9.2 53.0 6 9.4 53.7 6 9.7

Current smoking (%) 16.0 11.3 7.6 5.3 3.7

BMI (kg/m2) 25.5 6 3.0 25.5 6 3.1 25.4 6 3.1 25.1 6 2.9 24.6 6 2.8

Family history of hypertension (%) 24.2 25.7 25.3 24.8 27.0

Family history of myocardial infarction (%) 11.6 11.8 11.6 11.1 11.4

Nutrient intake

Total energy (kcal/d) 1996 6 648 2050 6 646 2075 6 643 2031 6 595 1876 6 554

Whole grains (g/d) 3.2 6 2.0 9.8 6 1.9 17.1 6 2.4 27.2 6 3.7 52.4 6 21.5

Naturally occurring bran (g/d) 0.37 6 0.33 1.13 6 0.56 2.06 6 1.00 3.41 6 1.62 6.64 6 4.26

Naturally occurring germ (g/d) 0.15 6 0.13 0.39 6 0.21 0.62 6 0.30 0.92 6 0.44 1.80 6 1.40

Added bran (g/d) 0.13 6 0.48 0.62 6 1.61 1.81 6 3.43 3.11 6 4.99 5.12 6 11.32

Added germ (g/d) 0.07 6 0.28 0.15 6 0.56 0.25 6 0.80 0.44 6 1.51 0.97 6 3.13

Cereal fiber (g/d) 3.0 6 1.2 3.9 6 1.3 5.3 6 1.7 7.0 6 2.3 10.5 6 5.9

Total fiber (g/d) 16.3 6 4.9 18.2 6 4.9 20.1 6 5.2 22.5 6 5.6 27.2 6 8.2

Folate (lg/d) 395 6 230 430 6 247 472 6 259 516 6 273 575 6 316

Total carbohydrate (g/d) 218 6 43 224 6 38 231 6 36 241 6 36 262 6 41

Total sugar (g/d) 105 6 39 105 6 34 107 6 32 109 6 31 109 6 32

Saturated fat (g/d) 27.4 6 6.4 26.4 6 5.6 25.2 6 5.4 23.8 6 5.2 20.9 6 5.7

Polyunsaturated fat (g/d) 13.1 6 3.7 13.4 6 3.4 13.4 6 3.4 13.2 6 3.3 13.0 6 3.5

trans Fat (g/d) 3.19 6 1.22 3.06 6 1.08 2.94 6 1.06 2.75 6 1.03 2.33 6 1.06

Glycemic load per day 115 6 49 122 6 48 127 6 48 130 6 46 132 6 48

Sodium (mg/d) 3322 6 1217 3353 6 1154 3290 6 1064 3283 6 1049 3177 6 1077

Potassium (mg/d) 3106 6 626 3222 6 601 3341 6 600 3464 6 599 3631 6 659

Magnesium (mg/d) 295 6 59 313 6 53.9 335 6 55.3 357 6 56.7 406 6 79.8

Vitamin E (mg/d) 36.9 6 78.1 40.9 6 82.1 47.0 6 87.5 52.1 6 90.3 67.3 6 107.6

Food intake

Fruit (servings/d) 2.0 6 1.6 2.2 6 1.6 2.4 6 1.6 2.6 6 1.6 2.8 6 1.8

Vegetables (servings/d) 2.8 6 1.6 3.2 6 1.6 3.3 6 1.7 3.4 6 1.8 3.5 6 2.0

1 For all continuous variables, P for trend , 0.0001.
2 Ranges in parentheses.
3 Mean 6 SD (all such values).

TABLE 2

Relative risks (RRs) and 95% CIs of incident hypertension in 31,684 men by quintile of whole-grain intake: Health Professionals Follow-Up Study,

1986–20041

Quintile of whole-grain intake

1 2 3 4 5 P for trend

Median intake (g/d)2 3.3

(0–6.5)

9.8

(6.6–13.2)

17.1

(13.3–21.4)

26.9

(21.5–34.2)

46.0

(34.3–326.4)

—

No. of cases 1826 1917 1922 1914 1648 —

Person-years 61,137 68,966 72,196 73,184 69,877 —

Age- and energy-adjusted RR3 1.00 0.90

(0.84, 0.96)

0.83

(0.78, 0.89)

0.81

(0.76, 0.87)

0.72

(0.67, 0.77)

,0.0001

Multivariate-adjusted RR3,4 1.00 0.94

(0.88, 1.01)

0.89

(0.83, 0.95)

0.89

(0.84, 0.96)

0.81

(0.75, 0.87)

,0.0001

1 RRs derived from proportional hazards models.
2 Ranges in parentheses.
3 95% CIs in parentheses.
4 Adjusted for age, energy, family history of coronary heart disease, family history of hypertension, smoking, alcohol, marital status, profession, height,

fruit and vegetable intakes, sodium intake, physical activity, multivitamin use, and cholesterol screening.
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multivariate model. Only cereal fiber substantially attenuated
the whole grain–hypertension effect. Adding cereal fiber to the
model resulted in an RR of 0.94 (95% CI: 0.84, 1.05) for the
highest quintile of whole grains (P for trend of 0.23). Total fiber
(sum of fiber from cereal, fruit, and vegetable sources) had
a lesser attenuating effect, with the whole-grain RR and trend
test remaining significant. Of note, ’64% of dietary intake of
cereal fiber was in the form of whole-grain foods on the baseline
1986 FFQ. The addition of naturally occurring bran to the
multivariate model resulted in an RR of 0.88 (95% CI: 0.77,
1.00; P for trend: 0.04) for the highest quintile of whole grains,
whereas total bran (sum of naturally occurring and added bran)
modestly attenuated the RR to 0.88 (95% CI: 0.79, 0.99). More
than 99% of total bran intake was from whole-grain foods.
Neither germ nor any of the other remaining constituents (folate,
magnesium, and potassium) introduced into the multivariate
model substantially attenuated the whole-grain effect.

Because bran and germ may be important constituents of
whole grains, we also estimated the RRs of incident hypertension
associated with intake of total bran and total germ in models

without whole grains (Tables 3 and 4). Total bran intake was
inversely associated with hypertension, with a multivariate-
adjusted RR for the highest quintile of intake compared with the
lowest quintile of 0.85 (95% CI: 0.78, 0.92), and the test for
trend was significant. Although total germ intake appeared to be
inversely associated with hypertension in the age- and energy-
adjusted model, it was not significant after adjustment for po-
tential confounders in the multivariate model.

DISCUSSION

In these analyses of whole-grain intake from a large ongoing
prospective cohort study of men with .9000 incident cases of
hypertension, whole grains and total bran were inversely asso-
ciated with new onset of hypertension. The new measure of
whole grains in grams per day allows a better quantitative un-
derstanding of these relations.

Ascherio et al (20) reported the results of a 4-y follow-up of
women in the Nurses’ Health Study. They found an inverse
association between intake of both dark bread and dietary fiber

TABLE 4

Relative risks (RRs) and 95% CIs of incident hypertension in 31,684 men by quintile of total germ intake: Health Professionals Follow-Up Study,

1986–20041

Quintile of germ intake

1 2 3 4 5 P for trend

Median intake (g/d)2 0.1 (0–0.2) 0.4 (0.3–0.5) 0.7 (0.6–0.8) 1.1 (0.9–1.5) 2.4 (1.6–58.6) —

No. of cases 1772 1965 1875 1912 1703 —

Person-years 60,986 71,150 68,236 74,442 70,546 —

Age- and energy-adjusted RR3 1.00 0.93

(0.87, 1.00)

0.89

(0.83, 0.95)

0.84

(0.79, 0.90)

0.78

(0.73, 0.84)

,0.0001

Multivariate-adjusted RR3,4 1.00 1.02

(0.95, 1.09)

1.02

(0.93, 1.08)

1.00

(0.93, 1.08)

0.96

(0.88, 1.04)

0.11

1 RRs derived from proportional hazards models.
2 Ranges in parentheses.
3 95% CIs in parentheses.
4 Adjusted for age, energy, family history of coronary heart disease, family history of hypertension, smoking, alcohol, marital status, profession, height,

fruit and vegetable intakes, sodium intake, physical activity, multivitamin use, and cholesterol screening.

TABLE 3

Relative risks (RRs) and 95% CIs of incident hypertension in 31,684 men by quintile of total bran intake: Health Professionals Follow-Up Study,

1986–20041

Quintile of bran intake

1 2 3 4 5 P for trend

Median intake (g/d)2 0.3

(0–0.7)

1.3

(0.8–1.9)

2.8

(2.0–3.8)

5.5

(3.9–7.8)

12.0

(7.9–236.8)

—

No. of cases 1839 1988 1869 1845 1686 —

Person-years 62,258 71,499 72,080 71,933 67,590 —

Age- and energy-adjusted RR3 1.00 0.91

(0.85, 0.97)

0.81

(0.76, 0.87)

0.78

(0.73, 0.84)

0.76

(0.71, 0.81)

,0.0001

Multivariate-adjusted RR3,4 1.00 0.95

(0.88, 1.02)

0.88

(0.81, 0.94)

0.87

(0.80, 0.94)

0.85

(0.78, 0.92)

0.002

1 RRs derived from proportional hazards models.
2 Ranges in parentheses.
3 95% CIs in parentheses.
4 Adjusted for age, energy, family history of coronary heart disease, family history of hypertension, smoking, alcohol, marital status, profession, height,

fruit and vegetable intakes, sodium intake, physical activity, multivitamin use, and cholesterol screening.
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and incident hypertension, with 2526 cases reported. Steffen et al
(21) reported findings based on a cohort of 4304 men and women
over a 15-y follow-up in the CARDIA (Coronary Artery Risk
Development in Young Adults) Study. Using a dietary-history
measure of servings of whole grains per day, the authors reported
a suggestion of an inverse association with incident hypertension
(997 cases reported), with a multivariate-adjusted RR of 0.83
(95% CI: 0.67, 1.03) in the highest quintile compared with the
lowest quintile. The top quintile in that study had whole-grain
intakes of �1.9 serving/d. Most recently, Wang et al (6) reported
on the 10-y follow-up of 28,926 women in the Women’s Health
Study, 8722 of whom developed incident hypertension. The
authors found a multivariate-adjusted RR of 0.89 (95% CI: 0.82,
0.97) in the highest quintile of whole-grain intake quantified as
servings per day compared with the lowest quintile of intake.

With the use of a more precise method to derive whole-grain
intake on a grams per day basis, .9000 cases of incident hy-
pertension in a large cohort of men, and 18 y of updated
measures and follow-up, the current study is in a unique position
to add to and expand the existing knowledge base on the relation
between intake of whole grains and risk of incident hyperten-
sion. The true magnitude of the inverse association may be
stronger than we estimated because of attenuation as a conse-
quence of measurement error.

There is a growing body of evidence from both observational
epidemiologic studies and randomized clinical trials that diet
influences blood pressure, particularly intakes of potassium and
fiber, both of which are constituent components of whole grains
(15, 22). Dietary patterns such as the Dietary Approaches to Stop
Hypertension (DASH) diet, which promotes greater intakes of
whole grains, also have been found to lower blood pressure (23,
24). A meta-analysis restricted to trials increasing dietary fiber
alone found a significant reduction in blood pressure (25). A few
randomized trials have been reported that are directly relevant to
whole-grains intake and the effect on blood pressure, each with
between 18 and 88 human subjects and a 4–8-wk duration of
dietary modification (oats or oat cereal) (26–30). Results have
been mixed; some have shown a decrease in blood pressure (28–
30) and others have shown no significant differences (26, 27).

We found that the inverse association between whole-grain
intake and incident hypertension was independent of sodium
intake as well as that of alcohol, fruit, and vegetables. The re-
lation persisted after adjustment for physical activity, multivi-
tamin use, and cholesterol screening, which suggests that the
association was independent of these markers of a healthy
lifestyle behavior pattern.

Lower weight gain over time may be a mechanism by which
whole-grain intake is related to hypertension. There is a large
body of evidence from both clinical trails and observational
studies linking lower weight and weight loss to lower blood
pressure and reduced risk of hypertension (22, 31–34). Also, we
previously found in an 8-y follow-up of men in this cohort that for
each 40-g/d difference in whole-grain intake, there was a relative
decrease in 0.49 kg body weight (35). Thus, excess weight may
play an important role in a causal pathway by which whole-grain
intake influences risk of hypertension.

Severalmechanismshavebeensuggestedbywhichwholegrains
can reduce the risk of blood pressure. (36–42) These mechanisms
includewhole-grain effects of increased insulin sensitivity (36, 37)
and improved endothelial function (38). The cereal fiber of whole

grains is predominantly insoluble fiber and can act through satiety
reflexmechanisms to reduce energy intake, which leads to a more
favorableweight pattern over time (39, 40). Increasedwhole-grain
intake has been found to be associated with lower postprandial
blood glucose concentrations and thus a reduced risk of de-
velopment of insulin resistance (41, 42). Intake of oat and wheat
may diminish the vascular reactivity impairment associated with
a high-fat meal (38). In individuals with hypertension, con-
sumption of whole-grain wheat cereal has been found to be as-
sociatedwith improvedbloodpressurecontrolanddecreaseddoses
of antihypertensive medications (30).

Our finding of an inverse association between total bran and
hypertension, independent of potential confounding factors, is
consistent with the reduced risk of hypertension observed with
higher whole-grain intakes. However, the quantitative estimates
of intake suggest that added bran is a relatively small component
compared with total whole-grain and cereal fiber intakes.

In summary, we found an independent inverse association
between intake of whole grains and incident hypertension during
18 y of follow-up of .33,000 men. These findings have im-
plications for future dietary guidelines and the prevention of
hypertension.
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