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Dietary Fiber and Blood Pressure

A Meta-analysis of Randomized Placebo-Controlled Trials
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Background: Dietary fiber is part of a healthy diet and
may exert a protective effect in the cardiovascular sys-
tem. The effect of fiber intake on blood pressure (BP) has
not yet been established.

Methods: We performed a meta-analysis of random-
ized placebo-controlled trials to estimate the effect of fi-
ber supplementation on BP overall and in population sub-
groups. Original articles published between January 1,
1966, and January 1, 2003, were retrieved for 24 trials
that fulfilled criteria for meta-analysis. Data were ab-
stracted on fiber dose, fiber type, BP changes, study de-
sign features, and study population characteristics. A ran-
dom-effects model was used for meta-analysis.

Results: Fiber supplementation (average dose, 11.5 g/d)
changed systolic BP by –1.13 mm Hg (95% confidence
interval: –2.49 to 0.23) and diastolic BP by –1.26 mm Hg
(–2.04 to –0.48). Reductions in BP tended to be larger
in older (�40 years) and in hypertensive populations than
in younger and in normotensive ones.

Conclusion: Increasing the intake of fiber in Western
populations, where intake is far below recommended
levels, may contribute to the prevention of hyperten-
sion.

Arch Intern Med. 2005;165:150-156

O BSERVATIONAL AND EX-
perimental studies sug-
gest a beneficial effect of
dietary fiber intake on
blood pressure (BP), in

both normotensive and hypertensive sub-
jects.1-3 Subjects consuming a vegetarian
diet are generally at lower risk of devel-
oping hypertension.1,2 However, it is un-
known whether this can be ascribed to the
high fiber content of the diet because veg-
etarians—apart from differences in life-
style—also have higher intakes of potas-
sium, magnesium, and polyunsaturated
fatty acids and a lower intake of satu-
rated fat. Clinical trials of fiber supple-
mentation have shown wide variation in
BP response.3 In trials with purified fiber
supplements, reductions in BP tend to be
larger than in trials with fiber-rich foods.
This difference in BP response might be
explained by fiber dose, type of fiber con-
sumed, or better compliance with dietary
supplements than with high-fiber diets.3

Daily intake of fiber in the United States
and many other Western countries is
around 15 g/d, which is only half the
amount recommended by the American
Heart Association (25 to 30 g /d from
foods).4-6 Given this large population seg-

ment with inadequate fiber intake, the
demonstration of beneficial effects of fi-
ber on BP may impact public health policy.
Many clinical trials of dietary fiber and BP
have been conducted in the past decades,
but most lacked power to detect small, po-
tentially meaningful BP effects. We aggre-
gated data from 24 randomized placebo-
controlled trials of fiber supplementation
and BP by conducting a comprehensive
meta-analysis. It is unknown whether BP
response to fiber intake is related to type
of fiber and subject characteristics such as
age, sex, and hypertensive status. There-
fore, we also obtained BP estimates in these
specific subgroups and took potential con-
founders into account.

METHODS

SEARCH STRATEGY

A MEDLINE search (January 1, 1966, to Janu-
ary 1, 2003) was conducted using “(fiber OR
fibre) AND (blood pressure OR hyperten-
sion) AND (trial OR intervention OR ran-
dom* OR study)” as words in the title or ab-
stract. In addition, we performed a manual
search using reference lists of original re-
search and review articles. The search was lim-
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ited to studies in human subjects and En-
glish-language literature. For all trials,
we retrieved the original publication,
which in 2 cases were an abstract7 and
a letter,8 respectively.

SELECTION OF TRIALS

We selected any randomized con-
trolled trial of fiber supplementation in
human subjects with BP as a primary or
secondary study outcome. Seventy-two
trials were identified that met the inclu-
sion criteria (Figure 1). Subse-
quently, 48 trials were excluded (refer-
ence list available from the authors) for
the following reasons: lack of appropri-
ate BP data (n=7), intentional cointer-
vention from which the effect of fiber
supplementation could not be sepa-
rated (n=29), or lack of a concurrent pla-
cebo control group (n=12). In 1 trial,
BP response to fiber supplementation
was reported for different sources of fi-
ber, which yielded 2 treatment strata
with an identical placebo control group.9

A total of 24 trials with 25 relevant strata
remained for meta-analysis.7-29 For 1 trial,
data on diastolic BP were missing.25

QUALITY ASSESSMENT

The internal validity of trials included
in this meta-analysis is largely guaran-
teed by random assignment of fiber
supplementation. Quality of studies was
additionally quantified by scoring of
blinding toward the type of treatment (ie,
open, single blind, and double blind).

DATA ABSTRACTION

Differences in systolic and diastolic BP
and accessory variance measures were
obtained for each trial according to a
standardized procedure using a data ab-
straction form. In addition, data were
collected on trial design (parallel vs
crossover; double blind vs single blind
or open); duration of the trial; type of
fiber and fiber dose; and whether BP was
a primary or secondary study outcome.
Furthermore, we abstracted data on
sample size and characteristics of the
study population including mean age;
sex (proportion of men); baseline BP;
baseline body weight; baseline body mass
index (BMI), calculated as weight in ki-
lograms divided by the square of height
in meters; change in body weight dur-
ing intervention; use of antihyperten-
sive drugs (percentage treated); and
baseline (habitual) fiber intake.

For 1 trial, the change in fiber intake
during intervention was calculated us-
ing a compliance table.17 In 1 trial the in-
terventiongroupreceived2differentdoses

of fiber during the intervention period,
which we averaged.11 Blood pressure mea-
surements in the sitting position were ab-
stracted. If those were not available,
supine or awake ambulatory BP measure-
ments were taken, in that order. For 2
trials, the change in BP had to be esti-
mated from a graph in the article.13,23

For description of study popula-
tions, the baseline values of age, pro-
portion of men, systolic and diastolic BP,
body weight, BMI, and fiber intake in the
intervention and control groups were av-
eraged. In 3 trials, age was given as a
range, and minimum and maximum val-
ues were averaged.9,22,23 Baseline BMI of
the study population was reported in 13
trials, change in body weight in 21 trials,
baseline fiber intake in 11 trials, and use
of antihypertensive drugs in 15 trials.
Study populations were assumed to be
not undergoing antihypertensive treat-
ment in 5 trials where use of diuretics
was defined as an exclusion crite-
rion.21,22,25,26 In 1 trial, we imputed miss-
ing data on age (imputed value, 40 years,
which was the median value for all other
trials) and sex (imputed value, 50%
male).8 Populations were considered hy-
pertensive if more than 50% of the sub-
jects were undergoing antihyperten-
sive treatment or if mean BP at baseline
was 140/90 mm Hg or higher.

QUANTITATIVE DATA
SYNTHESIS

For parallel trials, BP change from base-
line in the intervention group was sub-
tracted from that in the control group to
yield the net change in BP due to fiber
supplementation. For crossover trials, the
net change in BP was calculated as the fi-
nal BP in the intervention period minus
the final BP in the control period. Stan-
dard errors (SEs) for the net changes in
systolic and diastolic BP were obtained.
If not given, SEs were derived from con-
fidence intervals, P values, or individual
SEs for BP changes in intervention and
control groups or intervention and con-
trol periods (crossover design). For par-
allel trials in which SEs for paired BP dif-
ferences were reported, the pooled SE for
net BP change was calculated by using the
following equation:

SEpooled=�(SE2
interventiongroup+SE2

controlgroup).
For parallel trials with lacking data

on SEs for paired differences and for
crossover trials, the pooled SE was es-
timated according to Follmann et al,30

assuming a correlation of 0.50 between
baseline and final BP values or BP in in-
tervention and control periods (cross-
over design), as follows:

SEdeltaBP=�[SE2
baseline+SE2

final–(2�0.50

�SEbaseline�SEfinal)].

If only standard deviations (SDs) were
given, the pooled SE was calculated by
using this equation:

SEpooled=�[(SD2
intervention/nintervention)

+(SD2
control/ncontrol)],

where “n” is the number of subjects in
the intervention and control group or in-
tervention and control periods and

SDdeltaBP=�[SD2
baseline+SD2

final–(2�0.50

�SDbaseline�SDfinal)].

If variance was only reported at base-
line, we assumed similar variance at the
end of follow-up. The SAS statistical pack-
age was used for data analysis (version 8;
SAS Institute Inc, Cary, NC). We first
tested homogeneity of effect size by Q sta-
tistics31 and found significant heteroge-
neity among trials (systolic � 2

24 = 24.7,
P=.002; diastolic � 2

23 = 37.1, P=.03). We
analyzed data according to Van Houwel-
ingen et al,32 using a random-effects model
that accounted for both within- and be-
tween-studyvariation(SASPROCMIXED
statement). Blood pressure estimates were
reported with 95% confidence intervals
(CIs). Two-sided P values lower than .05
were considered statistically significant.

We performed a number of pre-
defined stratified meta-analyses to ex-
amine between-group differences in BP
response to fiber supplementation.32 Sub-
groups were based on mean age (�40
years vs �40 years), hypertensive sta-
tus (no vs yes), sex (�50% male vs
�50% male), BMI (�28 kg/m2 vs �28

Trials of Fiber
Supplementation

and BP in Humans
(n = 100)

Trials Excluded for 
Following Reason:

No RCT (n = 28)

Potentially 
Relevant RCT

(n = 72)

RCT Included in
Meta-analysis

(n = 24; 25 Strata)

        RCT Excluded for 
      Following Reasons:
1. Lack of or Inappropriate 
    BP Data (n = 7)
2. Intentional Cointervention 
    (n = 29)
3. Nonplacebo Control 
    Group (n = 12)

Figure 1. Selection of randomized controlled
trials (RCTs) for meta-analysis of fiber
supplementation and blood pressure (BP).
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kg/m2), and type of fiber (soluble vs in-
soluble vs mixed). Analyses by age and
BMI were based on the median of the fre-
quency distribution of these variables.
In addition, the associations of fiber dose
and duration of intervention with BP re-
sponse were examined by means of lin-
ear regression analysis, for which we re-
ported intercepts and � regression
coefficients with 2-sided P values. Analy-
ses in subgroups were repeated using a
multivariate model to adjust for the po-
tential confounders of age, proportion
of men, hypertensive status, study de-
sign (parallel vs crossover), duration of
intervention, and fiber dose.

Publication bias was visually exam-
ined after construction of a funnel graph,
in which weight factors (1/SE2) were
plotted against net changes in BP.33 In
addition, a nonparametric “trim and fill”
method was used to adjust for publica-
tion bias.34

RESULTS

STUDY CHARACTERISTICS

An overview of the 24 randomized
controlled trials of fiber and BP in-

cluded in our meta-analysis is given
in Table 1. A total of 1404 sub-
jects were included, and sample sizes
ranged from 12 to 201 subjects.
Trials had a mean duration of 9.0
weeks (median, 8 weeks; range, 2-24
weeks). Sixteen trials were double-
blind, and 15 had BP as a primary
study outcome. The mean age of trial
populations was 42 years (median,
40 years; range, 23-63 years). Three
trials included only men, 6 trials only
women, and the remainder both men
and women. Average baseline BP was
133/82 mm Hg, and populations in
8 trials were considered hyperten-
sive. Baseline BMI was reported for
12 trial populations, 11 (92%) of
which appeared to be overweight (ie,
BMI �25 kg/m2). Net mean change
in body weight during fiber supple-
mentation was available for 21 trials
and ranged from –2.5 kg to +1.0 kg
(mean, –0.39 kg; P=.13). Baseline fi-
ber intake was reported in 11 trials
and ranged from 12.8 to 44.1 g/d
(mean, 24.8 g/d). Soluble fiber was
given in 11 trials, insoluble fiber in

7 trials, and a mixture of soluble and
insoluble fiber in the remaining
trials. In 4 trials, fiber intake was in-
creased by dietary interven-
tion.14,16-18 Fiber doses varied be-
tween 3.5 and 42.6 g/d, with a mean
dose of 11.5 g/d (median dose, 7
g/d). The unweighted average BP
change in all trials combined for sys-
tolic BP was –1.54 mm Hg (95% CI,
–3.48 to 0.39) and for diastolic BP,
–1.34 mm Hg (95% CI, –2.41 to
–0.27).

QUANTITATIVE DATA
SYNTHESIS

Meta-analysis yielded a weighted
overall effect of fiber supplementa-
tion on systolic BP of –1.13 mm Hg
(95% CI, –2.49 to 0.23) and on dia-
stolic BP, –1.26 mm Hg (95% CI,
−2.04 to −0.48) (Figure 2). Blood
pressure responses to fiber supple-
mentation in strata of population
characteristics are summarized in
Table 2. Blood pressure reduc-
tions were larger in older popula-

Table 1. Design and Study Population Characteristics of Randomized Controlled Trials of Fiber Supplementation and Blood Pressure

Source Design
No. of

Subjects
Duration,

wk
Mean
Age, y Men, %

Mean Baseline
BP, mm Hg

BP Effect (SE), mm Hg*
Fiber

Dose, g/d
Fiber Source†

and TypeSystolic Diastolic

Arvill and Bodin,10 1995 C-DB 63 4 47 100 140/85 −3.43 (1.39) −0.27 (1.02) 3.9 S-Soluble
Birketvedt et al,11 2000 P-DB 53 24 40 0 130/82 0.60 (3.81) −2.30 (2.82) 4.7 S-Insoluble
Brussaard et al,9 1981a P-O 31 5 23 65 125/61 3.50 (2.94) 3.90 (2.94) 10.0 S-Soluble
Brussaard et al,9 1981b P-O 32 5 23 65 126/64 3.60 (3.43) 1.00 (3.73) 19.0 S-Insoluble
Burke et al,12 2001 P-O 36 8 57 50 133/76 −6.50 (1.30) −1.90 (1.00) 12.0 S-Soluble
Eliasson et al,13 1992 P-DB 63 12 48 62 149/100 −0.34 (3.48) −4.30 (1.95) 6.0 S-Insoluble
Fehily et al,14 1986 C-SB 201 4 37 73 132/80 −0.40 (0.67) 0.20 (0.61) 12.0 D-Soluble
Hagander et al,15 1989 C-O 12 8 62 58 150/83 −3.00 (5.22) 2.00 (2.18) 25.6 S-Soluble
He et al,7 2004 P-DB 102 12 48 40 128/80 −1.79 (1.27) −1.24 (0.89) 10.0 S-Soluble
Keenan et al,16 2002 P-SB 18 6 44 50 139/91 −8.80 (5.95) −6.00 (2.72) 5.5 D-Soluble
Little et al,17 1990 P-SB 78 8 58 51 138/77 −0.30 (3.30) −0.40 (1.85) 36.4 D-Mixed
Margetts et al,18 1987 C-SB 88 6 39 58 132/80 −1.20 (0.90) −1.10 (0.75) 42.6 D-Mixed
Nami et al,19 1995 P-DB 16 2 46 38 157/99 −14.3 (5.95) −5.40 (1.53) 3.5 S-Mixed
Önning et al,20 1999 C-DB 52 5 63 100 141/88 −1.60 (1.82) −1.50 (1.28) 6.8 S-Soluble
Rigaud et al,21 1990 P-DB 52 24 37 21 127/77 −1.30 (3.20) 2.50 (2.18) 6.0 S-Insoluble
Rössner et al,22 1987a P-DB 54 8 39 0 134/84 3.00 (4.68) 0.00 (2.80) 5.0 S-Mixed
Rössner et al,22 1987b P-DB 41 12 39 0 135/86 0.00 (7.19) −5.00 (3.74) 7.0 S-Mixed
Rössner et al,23 1988 P-DB 62 12 40 0 124/75 1.00 (2.29) −3.00 (1.16) 6.5 S-Mixed
Ryttig et al,24 1989 P-DB 97 11 39 0 131/85 0.10 (3.78) −2.90 (2.09) 7.0 S-Insoluble
Ryttig et al,25 1990 C-DB 19 2 25 53 109/NR 3.00 (1.87) NR 7.0 S-Soluble
Schlamowitz et al,8 1987 P-DB 46 12 NR NR 153/96 −11.00 (4.39) −3.00 (2.18) 7.0 S-Mixed
Solum et al,26 1987 P-DB 60 12 35 0 133/90 −9.00 (6.56) −5.00 (4.77) 5.0 S-Insoluble
Swain et al,27 1990 C-DB 20 6 30 20 112/68 3.00 (2.90) 2.00 (1.93) 20.5 S-Soluble
Törrönen et al,28 1992 P-DB 28 8 41 100 129/81 6.00 (5.52) 1.00 (3.81) 15.1 S-Soluble
Van Horn et al,29 1991 P-O 80 8 42 50 128/80 0.50 (3.53) −1.40 (2.14) 4.2 S-Soluble

Abbreviations: a and b, separate strata within the same study; BP, blood pressure; C, crossover; DB, double blind; NR, not reported; O, open; P, parallel;
SB, single blind.

*Values are net BP effects of fiber supplementation.
†S indicates from supplement; D, from diet.
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tions (mean age, �40 years) than
in younger populations, but the
difference was only statistically sig-
nificant for systolic BP (P=.001).
Hypertensive populations had sig-
nificantly larger BP reductions than
normotensive populations, both
systolic (P�.001) and diastolic
(P=.019). Sex and BMI of trial popu-
lations did not significantly modify
BP response to fiber supplementa-
tion.

Changes in BP became less pro-
nounced with increasing fiber dose
in linear regression analysis, but �
coefficients were small and not sta-
tistically significant (regression equa-
tion for systolic BP, –1.55+0.032
mm Hg/g of fiber, P=.60; diastolic
BP, –1.89+0.047 mm Hg/g of fiber,
P=.16). Blood pressure reponse was
also not related to duration of inter-
vention (regression equation for sys-
tolic BP, −0.77 – 0.046 mm Hg/wk,
P=.73; diastolic BP, –1.15 – 0.013
mm Hg/wk, P=.88). With regard to
type of intervention, soluble fiber
changed BP by –1.32 mm Hg sys-
tolic (95% CI, –3.19 to 0.55) and
−0.82 mm Hg diastolic (95% CI,
–1.83 to 0.18); insoluble fiber by
−0.23 mm Hg systolic (95% CI,
–2.88 to 2.42) and −0.57 mm Hg dia-
stolic (95% CI, –1.86 to 0.72); and
the mixture of soluble and in-
soluble fiber by –1.74 mm Hg sys-
tolic (95% CI, −4.49 to 1.02) and
–2.22 mm Hg diastolic (95% CI,
–3.40 to –1.03).

Results from multivariate, strati-
fied meta-analyses with adjustment
for age, hypertensive status, propor-
tion of men, duration of interven-
tion, study design, and fiber dose are
also summarized in Table 2. Change
in body weight during intervention
appeared not to be significantly as-
sociated with systolic and diastolic BP
(P=.65 and P=.38, respectively) and
was therefore left out of the multi-
variate model. Again, age was a sig-
nificant modifier of the effect on sys-
tolic BP. The reduction in systolic BP
remained significantly larger in older
than in younger populations (P=.04).
Blood pressure effects were also larger
in hypertensive than normotensive
populations after adjustment for con-
founders, but the difference was
no longer statistically significant
(Table 2).

Exclusion of 8 nonblinded trials
yielded essentially similar effects of
fiber on systolic BP (–1.14 mm Hg
[95% CI, –2.37 to 0.08]) but a
larger effect on diastolic BP (–1.71
mm Hg [95% CI, −2.61 to −0.81]).
Exclusion of the trial by Fehily et
al14 with a relatively large sample

size (n=201) did not change the
overall BP estimates (data not pre-
sented). Exclusion of 4 dietary
trials did not change the estimate
for systolic BP (–1.06 mm Hg [95%
CI, –2.80 to 0.67]) but yielded a
larger effect of fiber supplementa-
tion on diastolic BP (–1.43 mm Hg

Nami et al,19 1995
Schlamowitz et al,8 1987
Solum et al,26 1987
Keenan et al,16 2002
Burke et al,12 2001
Arvill and Bodin,10 1995
Hagander et al,15 1989
He et al,7 2004
Önning et al,20 1999
Rigaud et al,21 1990
Margetts et al,18 1987
Fehily et al,14 1986
Eliasson et al,13 1992
Little et al,17 1990
Rössner et al,22 1987b
Ryttig et al,24 1989
Van Horn et al,29 1991
Birketvedt et al,11 2000
Rössner et al,23 1988
Rössner et al,22 1987a
Ryttig et al,25 1990
Swain et al,27 1990
Brussaard et al,9 1981a
Brussaard et al,9 1981b
Törrönen et al,28 1992

Overall

–30 –20 –10 0

–1.13 (–2.49 to 0.23)

–1.26 (–2.04 to 0.48)

10 20
Change in Systolic BP, mm Hg

Source

Keenan et al,16 2002
Nami et al,19 1995
Solum et al,26 1987
Rössner et al,22 1987b
Eliasson et al,13 1992
Schlamowitz et al,8 1987
Rössner et al,23 1988
Ryttig et al,24 1989
Birketvedt et al,11 2000
Burke et al,12 2001
Önning et al,20 1999
Van Horn et al,29 1991
He et al,7 2004
Margetts et al,18 1987
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Figure 2. Blood pressure (BP) response to fiber supplementation in randomized controlled trials. Effects
on systolic BP (A) and diastolic BP (B) in individual trials are depicted as open squares; error bars
indicate 95% confidence intervals. Meta-analysis yielded pooled estimates of –1.13 mm Hg (–2.49 to
0.23) for systolic BP and –1.26 mm Hg (−2.04 to −0.48) for diastolic BP, which are depicted as black
diamonds. Data on diastolic BP were missing for the trial by Ryttig et al.25
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diastolic BP [95% CI, −2.36 to
−0.50]).

From visual examination of the
funnel plot it was concluded that
small trials with large systolic BP re-
ductionsarepossiblyoverrepresented
in meta-analysis (Figure3). A non-
parametric “trim and fill” method re-
vealed that 1 trial might have been
missing. After adjustment for puta-
tivemissingdata, theoverall effecton
systolic BP was attenuated to −0.94
mm Hg (95% CI, –2.34 to 0.46).

COMMENT

In this meta-analysis of 24 random-
ized controlled trials, fiber supple-
mentation (mean dose, 11.5 g/d)
caused a nonsignificant change in
systolic BP of –1.13 mm Hg (95% CI,
–2.49 to 0.23) and a significant
change in diastolic BP of –1.26
mm Hg (95% CI, –2.04 to −0.48).
The effects of fiber supplementa-
tion on BP were larger in older (�40

years) than in younger populations
in multivariate analysis, although
this was only statistically signifi-
cant for systolic BP. Furthermore, BP
reductions tended to be larger in hy-
pertensive populations, but after ad-
justment for the older age of hyper-
tensive populations (mean age, 52
years vs 37 years in normotensive
populations), this difference lost sta-
tistical significance. Body weight and
sex did not modify the effect of fi-
ber supplementation on BP.

The effect of fiber on BP was esti-
matedonly fromrandomizedplacebo-
controlled trials that had a high in-
ternal validity. Studies in which other
dietary factors were modulated at the
same time were excluded, and the BP
effects are therefore likely to be causal
and primarily attributable to changes
in fiber intake. An advanced statisti-
cal approach for meta-analysis of con-
tinuous outcomes was used that
accounted for both within- and be-
tween-study variability, which yielded
accurate BP estimates and confi-
dence intervals.32

This meta-analysis also has sev-
eral limitations. First, we might not
have been able to completely rule out
BP effects by magnesium and potas-
sium in the studies of fiber supple-
mentation that we examined. A
meta-analysis by Jee et al35 showed
a small, nonsignificant change in BP
of −0.6 mm Hg systolic (95% CI,
–2.2 to 1.0) and −0.8 mm Hg dia-
stolic (95% CI, –1.9 to 0.4) after

3.0

2.0

1.0

0
–20 –10 0 10

Change in Systolic BP, mm Hg

W
ei

gh
t F

ac
to

r, 
1/

SE
2

Figure 3. Funnel plot of trial weights against change in systolic blood pressure (BP). Blood pressure
effects in individual trials are depicted as squares scattered around the pooled BP estimate of –1.13
mm Hg. A nonparametric “trim and fill” method34 indicated that 1 trial might have been missing owing to
publication bias. After adjustment for putative missing data, the overall effect on systolic BP was
attenuated to −0.94 mm Hg (95% confidence interval, –2.34 to 0.46).

Table 2. Blood Pressure Response to Fiber Supplementation in Strata of Study Population Characteristics

Characteristic

No. of
Strata
(No. of

Subjects)

Systolic BP* No. of
Strata
(No. of

Subjects)

Diastolic BP*

Univariate
Model

P
Value

Multivariate
Model†

P
Value

Univariate
Model

P
Value

Multivariate
Model†

P
Value

Age, y
�40 13 (810) 0.35 (−1.00 to 1.69) .001 −0.19 (−1.39 to 1.01) .04 12 (791) −0.64 (−1.70 to 0.42) .16 −0.74 (−1.85 to 0.38) .53
�40 11 (548) −3.08 (−4.61 to −1.56) −3.04 (−4.99 to −1.09) 11 (548) −1.70 (−2.72 to 0.68) −1.41 (−2.68 to −0.14)

Sex
�50% Male 10 (557) −0.71 (−3.11 to 1.70) .81 −0.51 (−3.43 to 2.40) .65 10 (557) −1.87 (−3.07 to −0.67) .16 −1.93 (−3.39 to −0.48) .19
�50% Male 14 (801) −1.06 (−2.65 to 0.53) −1.32 (−2.28 to −0.36) 13 (782) −0.81 (−1.67 to 0.05) −0.67 (−1.47 to 0.13)

Hypertension‡
No 17 (1083) −0.23 (−1.43 to 0.98) �.001 −1.00 (−1.94 to −0.06) .41 16 (1064) −0.68 (−1.44 to 0.09) .02 −0.81 (−1.60 to −0.02) .35
Yes 8 (321) −4.53 (−6.69 to −2.38) −2.42 (−5.28 to 0.45) 8 (321) −2.37 (−3.56 to −1.19) −1.83 (−3.52 to −0.14)

BMI, kg/m2

�28 6 (433) −1.04 (−2.48 to 0.41) .32 −0.54 (−2.54 to 1.46) .25 6 (433) −1.63 (−2.72 to −0.54) .50 −1.81 (−3.16 to −0.47) .43
�28 6 (309) −2.13 (−3.74 to −0.53) −2.75 (−5.11 to −0.39) 6 (309) −1.11 (−2.16 to −0.07) −0.95 (−2.22 to 0.32)

Abbreviations: BMI, body mass index; BP, blood pressure.
*Mean BP effects with 95% confidence interval obtained from random-effects model. P values are given for difference in BP response between strata.
†Adjusted for age, proportion of men, hypertensive status, study design, duration of intervention, and fiber dose.
‡Hypertension defined as average baseline BP of trial population �140/90 mm Hg or �50% of subjects undergoing antihypertensive treatment.
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magnesium supplementation. A
meta-analysis by Whelton et al36

showed a significant BP change of
–3.11 mm Hg systolic (95% CI,
–1.91 to –4.31) and –1.97 mm Hg
diastolic (95% CI, –0.52 to –3.42)
after potassium supplementation. In
1 of the 4 dietary intervention trials
in our meta-analysis, a concomi-
tant increase in magnesium and po-
tassium intake occurred.18 More-
over, fiber supplementation may also
increase magnesium intake, as re-
ported in 2 other trials,9,19 and po-
tassium intake, as reported in 1 trial.9

For the remaining trials, no data on
magnesium or potassium intake
were available.

Second, publication bias could
have occurred in that trials with large
systolic BP reductions might be
somewhat overrepresented. How-
ever, these trials had small weights
in meta-analysis, and adjustment for
putative missing data caused only a
small attenuation of the effect on sys-
tolic BP. Sutton et al37 empirically as-
sessed the effect of publication bias
on meta-analyses, which is a com-
mon phenomenon in systematic re-
views, and found that the impact of
publication bias on final conclu-
sions is generally small.

Dietary fiber or nonstarch poly-
saccharide is a collective term for a
variety of plant substances that are
resistant to digestion by human gas-
trointestinal enzymes. The struc-
tural fibers (cellulose, lignin, and
hemicelluloses) are insoluble,
whereas the natural gel-forming fi-
bers (pectins, gums, and muci-
lages) are soluble.38 In the human
diet, insoluble fiber is mainly de-
rived from whole-grain products and
soluble fiber from fruits, veg-
etables, pulses, and oats.38 Little is
known about the potential mecha-
nisms through which dietary fiber
might lower BP. Dietary fiber re-
duces the glycemic index of foods,
thereby attenuating insulin re-
sponse.39 Insulin may play a role in
BP regulation,40 and dietary fiber has
been shown to enhance insulin sen-
sitivity and improve vascular endo-
thelial function.39,41 Furthermore,
there is evidence that fiber, espe-
cially soluble types, improves min-
eral absorption in the gastrointesti-
nal system,42,43 which may have an
indirect favorable effect on BP. In the

Dietary Approaches to Stop Hyper-
tension (DASH) trial,44 the effect of
dietary patterns on BP was as-
sessed. The fruits-and-vegetables diet
provided potassium, magnesium,
and high amounts of fiber and re-
sulted in BP reductions of 2.8/1.1
mm Hg compared with a typical US
diet. Data from our meta-analysis
provide some support for a larger
effect of soluble than insoluble fi-
ber on BP.

Few prospective studies have ex-
amined the relationship between fi-
ber intake and the risk of hyperten-
sion. In the Health Professionals’
Follow-up Study45 of 30681 US male
subjects, dietary fiber was indepen-
dently associated with a reduced risk
of hypertension. In the Nurses’ Health
Study46 of 41541 predominantly
white US women, a significant in-
verse association of fiber intake with
self-reported BP was found although
not with risk of hypertension.

Dietary fiber may, apart from its
effect on BP, also favorably influ-
ence other cardiovascular risk fac-
tors. A meta-analysis by Brown et al47

showed that soluble fiber had a fa-
vorable effect on blood lipids: for
each gram increase in dietary fiber,
the concentration of blood low-
density lipoprotein cholesterol was
lowered by about 2 mg/dL (about
0.052 mmol/L). Furthermore, high
intake of fiber, although mainly in-
soluble types from cereals, has been
associated with lower risk of diabe-
tes mellitus type 2.48,49

In the Cardiovascular Health
Study,50 a population-based multi-
center study among 3588 elderly men
and women, an inverse association
between the consumption of fiber
from cereal sources (insoluble fi-
ber) and the risk of incident cardio-
vascular disease has recently been re-
ported. As a biologically plausible
mechanism for the beneficial effects
of cereal fiber intake on cardiovas-
cular risk in the elderly, the authors
suggested a BP lowering effect of di-
etary fiber. In the large National
Health and Nutrition Examination
Survey I (NHANES I) Epidemio-
logic Follow-up Study,51 a higher in-
take of dietary fiber appeared to be
associated with a reduced risk of
coronary heart disease. Beneficial ef-
fects in NHANES I were related to
water-soluble types of fiber rather

than insoluble fiber, as was also the
case in our meta-analysis of BP trials.

Intake of fiber in Western coun-
tries is low, with less than half of the
US population meeting the recom-
mended levels.4-6,51 The present
meta-analysis shows that dietary fi-
ber has a small BP-lowering effect.
Increasing fiber intake in the gen-
eral population may contribute to
the prevention of hypertension.
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