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ABSTRACT
Background: Several epidemiologic studies found weak protec-
tive relations between dietary fiber intake and the risk of cardio-
vascular disease events. However, few of the studies addressed
possible mechanisms of the effect.
Objective: In the present study, we estimated relations between
the progression of atherosclerosis and the intake of selective di-
etary fiber fractions. Mediation of the relations by serum lipids was
also investigated.
Design: Participants who were free of heart disease and aged
40–60 y were recruited into the cohort (n � 573; 47% women).
The intima-media thickness (IMT) of the common carotid arteries
was measured ultrasonographically at the baseline examination
and at 2 follow-up examinations (n � 500), dietary intakes were
assessed with six 24-h recalls (3 at baseline and 3 at the first
follow-up examination), and blood samples were analyzed at base-
line and at both follow-up examinations.
Results: A significant inverse association was observed between
IMT progression and the intakes of viscous fiber (P � 0.05) and
pectin (P � 0.01). Correction for measurement error increased the
magnitude of these estimated effects. The ratio of total to HDL
cholesterol was inversely related to the intakes of total fiber (P �
0.01), viscous fiber (P � 0.05), and pectin (P � 0.01). The
magnitude of the association between IMT progression and the
intakes of viscous fiber and pectin was attenuated by adjustment
for serum lipids.
Conclusions: The intake of viscous fiber, especially pectin, appears
to protect against IMT progression. Serum lipids may act as a medi-
ator between dietary fiber intake and IMT progression. Am J Clin
Nutr 2003;78:1085–91.

KEY WORDS Dietary fiber, measurement error, atheroscle-
rosis, intima-media thickness, serum lipid, cohort study

INTRODUCTION

Cardiovascular disease (CVD) due to advanced atheroscle-
rosis is the leading cause of death and disability in the United
States (1). Numerous risk factors, including dietary pattern,
physical inactivity, serum lipids, diabetes, smoking, obesity,
and psychological stress, have been proposed as contributing to
the initiation and development of atherosclerosis and its clini-
cal manifestations (2). The possible health benefits of dietary
fiber in reducing the risk of CVD were hypothesized in the
1970s (3). Evidence of associations between dietary fiber and
atherosclerosis has accumulated from epidemiologic observa-

tions (4–13) and a limited number of clinical trials (14–17).
Experimental data from both animals and humans suggest an
association between increased dietary fiber intakes and improved
plasma lipid profiles, including reduced LDL-cholesterol con-
centrations. These observations indicated a regulation pathway
between fiber, plasma lipids, and atherosclerosis (18, 19).

Dietary fiber constitutes a group of dietary components.
Fruit, vegetables, whole grains, and cereals are the major
sources. Total dietary fiber can be divided into 2 groups:
viscous fiber (pectin, gums, and mucilage, which were previ-
ously classified as water-soluble fiber) and nonviscous fiber
(cellulose, hemicellulose, and lignin, which were previously
classified as water-insoluble fiber). Increased intakes of vis-
cous fiber decrease blood LDL-cholesterol concentrations in
animal models (19) and in clinical intervention studies (20).
Several properties of viscous fiber, including viscosity, bile
acid binding capacity, and, perhaps, cholesterol synthesis–
inhibiting capacity after fermentation in the colon (20, 21),
have been proposed as mediating this cholesterol-lowering
effect.

The present cohort study addressed the association between
the intake of different types of dietary fiber and the progression
of carotid atherosclerosis among middle-aged women and men.
Possible mediation of this association by serum lipids was also
examined.

SUBJECTS AND METHODS

Study population

The Los Angeles Atherosclerosis Study is a prospective
study designed to investigate the relation between potential
etiologic factors and atherosclerosis progression. The cohort
was described previously (22, 23). In brief, 269 women aged
45–60 y and 304 men aged 40–60 y who had no history of heart
attack, angina, revascularization, or stroke at entry into the
study were randomly sampled from strata in a large utility
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company. The strata were age, ethnicity (Hispanic or non-
Hispanic), and smoking status. Hispanics and smokers were
oversampled. The participation rate among the sampled eligi-
ble employees was 85%, which resulted in a cohort of 573
subjects at the baseline examination. The baseline examination
took place in 1995–1996. Two follow-up examinations were
conducted at 1.5 and 3 y. Seventy-three subjects were excluded
because of loss to follow-up, resulting in a longitudinal study
sample of 500 participants. There were no significant differ-
ences in baseline characteristics between these participants and
the 73 subjects who were not followed up. In the analysis of
serum lipids, 53 subjects were excluded from the present
analysis because of a nonfasting blood draw (last meal � 8 h
before the draw) or a serum triacylglycerol concentration
� 3.95 mmol/L, and 2 subjects were excluded because of
missing lipid measurements. Five subjects were excluded be-
cause of large discrepancies between repeated measures of total
cholesterol (TC) concentration (difference � 3.36 mmol/L).
The protocol for this study was approved by the Institutional
Review Board of the Keck School of Medicine of the Univer-
sity of Southern California. Written informed consent was
obtained from all the participants.

Measurement of carotid intima-media thickness

The protocol for measurement of the common carotid inti-
ma-media thickness (IMT) that was used in this study was
described previously (22). Briefly, a 1-cm segment of the far
wall adjacent to the carotid bulb was analyzed by using auto-
mated software with an edge-detection algorithm developed at
the Jet Propulsion Laboratory (Pasadena, CA) (24). Measure-
ments were averaged over the left and right carotid artery in the
supine and lateral positions. A reproducibility study of this
protocol detected a mean absolute difference of 0.022 mm (CV
of 2.8%) between repeated scans by 2 sonographers. Scan
readers were blinded to dietary fiber intake. All measurements
were conducted in a mobile unit located at the participant’s
work site.

Dietary intake assessment

Dietary intake was assessed with the use of 24-h dietary
recalls. Briefly, at visit 1, an experienced nurse obtained a 24-h
dietary recall from each participant by oral interview. Vitamin
use during the previous day was also assessed with a question-
naire. This first recall also served as a teaching experience for
the participants. The second and third 24-h dietary recalls were
obtained by telephone interview within 2 mo of the initial
recall. The three 24-h recalls were collected on 2 weekdays and
1 weekend day. Measurement of dietary intakes was repeated
with the same procedure at the 18-mo follow-up; thus, a total
of up to 6 records per participant were obtained during the
study. The recalls were collected by using the protocol and
software provided by Nutrient Data System (Nutrition Coordi-
nating Center, University of Minnesota, MN) (25, 26).

Serum lipid measurement

Blood samples were processed immediately after collection
and were stored at �80 °C until analyzed. Serum TC, HDL-
cholesterol, and triacylglycerol concentrations were measured
by using an enzymatic method on an automated clinical chem-
istry analyzer in a laboratory at the University of Southern

California. LDL-cholesterol concentrations were estimated
from TC, HDL-cholesterol, and triacylglycerol concentrations
by using the formula of DeLong (27).

Other measures

Ethnicity, alcohol intake, cigarette use, physical activity,
medication use, and medical history were determined with the
use of an interviewer-assisted questionnaire. Anthropometric
measurements and blood pressure measurements were also
collected by the study nurse or sonographer during the baseline
and follow-up examinations.

Statistical analysis

The characteristics of the participants at baseline were ana-
lyzed for linear trend across quintiles of total dietary fiber
intake by using logistic regression for categorical variables and
general linear regression for continuous variables. Relations
between the progression of IMT and other factors were mod-
eled with 2 repeated-measures regression models. Quintiles of
components of dietary fiber intake (total dietary fiber, nonvis-
cous fiber, viscous fiber, and pectin) were used to assess the
relation between fiber and IMT progression. Tests of trend
across quintiles were derived from models using dietary intakes
as continuous variables. Model 1 was adjusted for age, sex, and
total energy intake. Model 2 was further adjusted for ethnicity;
smoking status; alcohol intake; vigorous physical activity;
work-related psychological stress; treatment with cholesterol-
lowering or antihypertension medication; diabetes; use of vi-
tamin C or E supplements; systolic blood pressure; body mass
index; intake of vegetables, fruit, saturated fat, magnesium, and
potassium; and the interaction of dietary fiber and sex as
covariates. Model 3 was further adjusted for serum lipids.
Dietary fiber intake was adjusted for total energy intake by
including total energy in the model as a covariate.

The influence of measurement error in dietary variables was
investigated by incorporating a measurement model into a
regression model. In the measurement model, latent variables
for viscous fiber and pectin were indicated by the intakes from
2 examinations (baseline and 18-mo follow-up). The attenua-
tion of slopes that occurs when predictor variables are mea-
sured with error is sometimes referred to as “regression dilution
bias” (28). The model estimates the slope of the dependent
variable regressed on the long-term average intake, which is
unobserved, by assuming that the errors of measurement at
each examination are random (29). The estimates of slope were
adjusted for the same confounders as in model 2 above. Rela-
tions between dietary fiber intake and serum lipids were ana-
lyzed with Pearson correlation coefficients.

Regression equations with measurement models were esti-
mated by maximum likelihood by using AMOS software, ver-
sion 4 (SmallWaters Corporation, Chicago). Only continuous
variable models were estimated with correction for measure-
ment error. Other repeated-measures models, including those
with quintiles, were estimated by maximum likelihood by
using the MIXED procedure in SAS, version 8.2 (SAS Institute
Inc, Cary, NC).

RESULTS

Quintiles of total dietary fiber intake were generated by
using the average total dietary fiber intake from the 2 exams.
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The median total fiber intake in the highest quintile was two-
fold that in the lowest quintile (25.3 compared with 12.7 g/d).
Total fiber intake differed significantly across the 5 categories
of race or ethnicity (P � 0.04 by chi-square, df � 16). Both
Asians (P � 0.04) and African Americans (P � 0.02) were
more prevalent in the lower quintiles of fiber intake than in the
higher quintiles. Fiber intake also differed significantly across
the categories of smoking status (P � 0.01 by chi-square, df �
8), with lower intakes among current smokers (P � 0.01) and
higher intakes among those who had never smoked (P � 0.01)
(Table 1). The subjects with higher fiber intakes had lower
intakes of total fat (P � 0.01), saturated fat (P � 0.01), and
cholesterol (P � 0.01) than did those with lower fiber intakes.
The ratio of serum TC to HDL cholesterol decreased across the
quintiles of total fiber intake (P � 0.03) (Table 1).

The mean (� SD) IMT at exam 1 was 667 � 98 �m. The
highest IMT was observed in the subjects in the lowest intake
quintile. However, there was no significant trend of IMT across
the intake quintiles (Table 1). The annual IMT progression rate
was 10.0 � 15.9 �m/y. This progression rate represents an

increase of 1.5%/y and 4.5% over 3 y. There was no significant
difference (P � 0.61) in mean progression rates between the
women (9.2 � 15.1 �m/y) and the men (10.7 � 16.5 �m/y).
Because no significant interaction between sex and dietary
fiber intake was observed, the data from the men and the
women were pooled for analyses.

IMT progression tended to decline across intake quintiles for
each of the 4 dietary fiber groups (Table 2). This inverse
association was significant for viscous fiber (P for trend �
0.05) and pectin (P � 0.01), marginally significant for total
fiber (P � 0.06), but not significant for nonviscous fiber (P �
0.26) after multivariate adjustment. Because vegetables and
fruit are 2 major foods that are rich in dietary fiber in general
and viscous fiber in particular and because they also contain
many other antiatherogenic constituents, the multivariate
model was further adjusted for vegetable and fruit intake. The
results indicated that controlling for vegetable and fruit intake
did not attenuate the magnitude of the inverse association
between IMT progression and the intake of viscous fiber or
pectin: the P values were still significant [10% and 8% de-

TABLE 1
Characteristics of participants in the Los Angeles Atherosclerosis Study (1995–1999) at baseline by quintile of energy-adjusted total fiber intake1

Quintile

P for trend21 (lowest) 2 3 4 5 (highest)

Fiber intake (g/d)3 12.7 15.3 17.6 19.9 25.3 —
Sex (% women) 39.0 46.0 53.0 54.0 40.0 0.53
Race or ethnicity (%)

Non-Hispanic white 59.0 49.0 53.0 53.0 65.0 0.31
Hispanic 20.0 33.0 33.0 37.0 24.0 0.41
Asian 10.0 11.0 6.0 6.0 3.0 0.04
African American 10.0 6.0 4.0 3.0 3.0 0.02
Other 1.0 1.0 4.0 1.0 5.0 0.20

Smoking status (%)
Current 41.1 29.0 21.0 16.0 14.0 � 0.01
Former 21.0 29.0 31.0 27.0 27.0 0.48
Never 38.0 42.0 48.0 57.0 59.0 � 0.01

Diabetes (%) 1.0 2.0 2.0 4.0 5.0 0.06
Age (y) 49.9 � 0.44 49.2 � 0.5 50.1 � 0.5 50.2 � 0.5 50.3 � 0.5 0.22
IMT (�m) 693.0 � 11.0 659.5 � 10.0 643.71 � 8.2 663.6 � 10.3 667.7 � 8.9 0.13
BMI (kg/m2) 28.3 � 0.5 27.9 � 0.6 27.5 � 0.4 28.1 � 0.6 27.9 � 0.5 0.68
SBP (mm Hg) 128.2 � 1.4 127.2 � 1.5 127.3 � 1.3 128.9 � 1.6 128.7 � 1.5 0.62
Physical activity (times/wk)5 1.7 � 0.2 1.6 � 0.2 1.8 � 0.2 2.1 � 0.2 2.5 � 0.2 � 0.01
Dietary intake

Total energy (kJ/d) 8906 � 254 8751 � 269 7728 � 234 8008 � 254 8640 � 259 0.12
Total fat (% of energy) 35.1 � 0.7 33.6 � 0.6 31.6 � 0.7 31.6 � 0.8 28.4 � 0.7 � 0.01
Saturated fat (% of energy) 12.4 � 0.3 11.3 � 0.3 10.6 � 0.3 10.2 � 0.3 9.0 � 0.3 � 0.01
Cholesterol (mg/d) 317.3 � 15.5 294.2 � 14.3 224.6 � 10.6 254.0 � 12.8 220.9 � 13.6 � 0.01

Alcohol (g/d) 6.1 � 1.1 11.7 � 1.8 7.5 � 1.3 6.4 � 1.1 6.3 � 1.0 0.26
Serum lipids

TC (mmol/L) 5.58 � 0.10 5.65 � 0.10 5.66 � 0.09 5.46 � 0.09 5.50 � 0.10 0.22
HDL-C (mmol/L) 1.39 � 0.03 1.48 � 0.02 1.50 � 0.04 1.53 � 0.04 1.46 � 0.03 0.09
LDL-C (mmol/L) 3.46 � 0.09 3.54 � 0.10 3.50 � 0.09 3.36 � 0.10 3.40 � 0.10 0.33
Triacylglycerol (mmol/L) 2.18 � 0.15 1.78 � 0.11 2.05 � 0.15 1.74 � 0.12 1.80 � 0.11 0.06
TC/HDL-C 4.25 � 0.12 4.02 � 0.11 4.02 � 0.11 3.77 � 0.10 3.98 � 0.12 0.03

1 n � 100 in each quintile. IMT, intima-media thickness of the common carotid arteries; SBP, systolic blood pressure; TC, serum total cholesterol;
HDL-C, HDL cholesterol; LDL-C, LDL cholesterol.

2 Logistic regression and general linear models were used for categorical and continuous variables, respectively. For categorical variables with � 2
levels (race or ethnicity and smoking status), P values are for comparison of the indicated level with all other levels combined.

3 Median.
4 x� � SEM.
5 Aerobic activity (such as running or brisk walking) sufficient to induce sweating.
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creases in slope for viscous fiber (P � 0.05) and pectin (P �
0.01), respectively]. However, the magnitude of the association
was attenuated after adjustment for serum lipids; the slope
decreased 32% for viscous fiber and 15% for pectin (Table 2).

Correction for measurement error in dietary variables in-
creased the magnitude of the regression coefficients relating
IMT progression to dietary fiber intake (Table 3). When the
measurement of dietary fiber intake only from exam 1 was
used, the regression coefficient of fiber intake on IMT progres-
sion was �1.33 for viscous fiber and �2.73 for pectin. Aver-
aging the measures of dietary fiber intake from the 2 exams, but
not correcting the measurement error, improved the regression
coefficient for viscous fiber (from �1.33 to �1.57) but not for
pectin (from �2.73 to �2.22). However, relative to the average
of the six 24-h recalls from the 2 examinations, the modeling of
measurement error increased the magnitude of the association
by � 2 times for pectin intake and by 1.6 times for viscous
fiber intake.

We further examined the relation between dietary fiber in-
take and serum lipids by using correlation statistics. Small but
significant inverse correlations of the ratio of TC to HDL
cholesterol were observed with total fiber and viscous fiber
(Table 4). Conversely, HDL cholesterol was positively related
to total fiber (P � 0.03), viscous fiber (P � 0.01), and pectin
(P � 0.04) (Table 4). These associations were not corrected for
attenuation due to measurement error in the dietary and lipid
variables.

DISCUSSION

Cohort studies of CVD events found inverse associations
with the intake of fiber-rich foods, such as fruit, vegetables,
whole grains, and cereals (6, 12, 30). However, these fiber-rich

foods also contain many antioxidants, minerals, and other
nutrients that may be associated with CVD (31). The present
study observed a significant protective association of viscous
fiber and pectin intake with IMT progression after adjustment
for other known atherosclerosis risk factors and suspected
dietary factors (31). These findings are consistent with those

TABLE 2
Progression in intima-media thickness of the common carotid arteries by quintile of energy-adjusted dietary fiber intake among participants in the Los
Angeles Atherosclerosis Study (1995–1999)1

Model2

Quintile
P for
trend

Change in
slope31 (lowest) 2 3 4 5 (highest)

�m/y %
Total dietary fiber

Adjustment for age, sex, and energy 10.00 � 1.89 11.02 � 1.66 8.51 � 1.64 10.74 � 1.74 7.36 � 1.87 0.32
Multivariate 12.86 � 2.73 12.24 � 1.94 8.41 � 1.88 9.96 � 1.98 4.85 � 2.91 0.06
Adjustment for lipids 10.24 � 2.65 12.74 � 1.93 7.64 � 1.86 10.17 � 1.93 4.56 � 2.78 0.15 38

Nonviscous fiber
Adjustment for age, sex, and energy 10.98 � 1.87 7.69 � 1.67 10.87 � 1.64 10.37 � 1.70 8.09 � 1.84 0.63
Multivariate 11.87 � 2.60 9.79 � 1.98 10.48 � 1.91 10.80 � 2.02 6.59 � 2.67 0.26
Adjustment for lipids 10.02 � 2.57 10.59 � 1.93 9.87 � 1.88 10.71 � 1.97 8.68 � 2.52 0.71 50

Viscous fiber
Adjustment for age, sex, and energy 9.57 � 1.87 12.05 � 1.63 7.96 � 1.68 11.05 � 1.64 6.56 � 1.90 0.16
Multivariate 11.12 � 2.76 13.39 � 1.97 8.52 � 1.81 9.68 � 1.92 5.87 � 2.87 0.05
Adjustment for lipids 10.64 � 2.70 13.72 � 1.95 8.78 � 1.78 10.30 � 1.89 6.86 � 2.80 0.10 32

Pectin
Adjustment for age, sex, and energy 11.12 � 1.71 11.25 � 1.65 9.44 � 1.70 7.64 � 1.59 8.48 � 1.76 0.46
Multivariate 12.27 � 2.12 12.25 � 1.94 10.18 � 1.90 7.10 � 1.89 6.45 � 2.23 0.01
Adjustment for lipids 11.73 � 2.09 12.28 � 1.87 11.02 � 1.87 6.99 � 1.85 6.98 � 2.18 0.05 15

1 x� � SEM; n � 100 in each quartile.
2 The multivariate model added adjustments for ethnicity, smoking status, physical activity, stress, use of cholesterol-lowering medication or

antihypertension medication, diabetes, supplementation with vitamins C and E, BMI, systolic blood pressure, and intake of vegetables, fruit, saturated fat,
magnesium, and potassium. The lipids-adjusted model added adjustments for HDL, LDL, and triacylglycerol.

3 Between the lipid-adjusted model and the multivariate model.

TABLE 3
Influence of measurement error on estimates of regression slope relating
progression of intima-media thickness of the common carotid arteries to
dietary fiber intake among participants in the Los Angeles
Atherosclerosis Study (1995–1999)

Model Regression slope1 P

Viscous fiber
Exam 12 �1.33 � 0.60 0.03
Exam 23 �0.90 � 0.62 0.15
Average of 2 exams4 �1.57 � 0.62 0.03
Measurement error corrected5 �2.52 � 1.11 0.02

Pectin
Exam 12 �2.73 � 1.26 0.03
Exam 23 �1.95 � 1.31 0.12
Average of 2 exams4 �2.22 � 1.05 0.04
Measurement error corrected5 �5.87 � 2.34 0.01

1 Regression coefficient in the structural model.
2 Average of three 24-h recalls at the baseline examination.
3 Average of three 24-h recalls at exam 2 (18-mo follow-up).
4 Averaged intake of dietary fiber from the 2 examinations (total of 6

recalls).
5 From a latent variable model in which unobservable long-term

average intake of dietary fiber is indicated by observable intake at 2
examinations. If the observable measures are estimates of the long-term
average plus a random error, then estimation of slopes unattenuated by
measurement error (or “regression dilution bias”) is possible.
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from studies using clinical events as endpoints (6, 10, 32). For
example, Pietinen et al (6) observed that only viscous fiber
remained significantly associated with CVD events after ad-
justment for known risk factors and dietary variables similar to
those included in our analysis. Liu et al (32) recently reported
a weak inverse association between dietary fiber intake and
coronary events in a cohort with an 8.1-g difference in median
total dietary fiber intake between the highest and the lowest
quintile. In contrast, this value was 12.9 g in our cohort. This
higher variation in dietary fiber intake, or improved measure-
ment of fiber intake, might have provided more power to detect
an association. As a continuous variable measured during the
preclinical stage of atherosclerosis, IMT progression may pro-
vide more power to detect associations than do clinical events.
For example, in a small study of volunteers with established
coronary artery disease (n � 94), viscous fiber intake de-
creased in subjects with IMT progression and increased in
subjects with IMT regression (33).

The present study showed a significant inverse association
between IMT progression and pectin intake ( Tables 2 and 3).
Pectin, as the major part of viscous fiber, exists mainly in fruit
and vegetables. The physiologic effects of dietary fiber are
known to depend on the properties of pectin. For example,
water-holding capacity, which is an important property of
viscous fiber, is much higher in vegetables and fruit than in
cereals or bran (34). Several mechanistic studies showed that
pectin has significant effects on lipid metabolism (35). How-
ever, epidemiologic data on this issue are still lacking.

It has been suggested that dietary fiber intake might displace
saturated fat intake and thus reduce CVD events (36). How-
ever, adjustment for saturated fat intake in the present study did
not significantly diminish the association, which supports the
previous conclusion that dietary fiber has beneficial cardiovas-
cular effects independent of saturated fat (37, 38). It is also
plausible that fiber intake is confounded with other constituents
of fruit and vegetables, but we found the inverse association
between pectin or pectin intake and IMT progression to be
independent of fruit and vegetable intake.

Because of insufficient data, the American Heart Associa-
tion currently has no recommendation for a specific fiber intake
target for risk reduction in its Dietary Guidelines (39). Com-
plexity of food composition is a natural obstacle to causal
inference from epidemiologic studies (40, 41), and lack of
high-quality measurement of intakes probably leads to incon-
sistent findings across studies of dietary intakes (4, 32).

Measurement error in dietary assessment has limited the
evaluation of dietary effects on disease processes because of
the loss of statistical power and the bias both in estimates of
dietary effects and in statistical significance in multivariate

analyses (42). Correction of bias due to measurement error in
the present study increased the magnitude of the regression
coefficient for regression of IMT progression on viscous fiber
and pectin intake by � 100%. This provides support for a
stronger protective effect of dietary fiber against atherosclero-
sis than has been observed in previous studies. With the ex-
ception of the Nurses’ Health Study (13), epidemiologic stud-
ies examining the possible effects of fiber intake on CVD
estimated dietary intake from a single measurement. In a study
on the association between dietary fiber and plasma lipids,
Tillotson et al (21) also found that 4 or 5 measurements of
dietary fiber intake produced larger regression coefficients than
did a single measurement at baseline, reflecting the greater
reliability of multiple measurements.

It has been proposed that a protective effect of dietary fiber
against CVD is mediated through direct or indirect effects on
serum lipids (43). The significant associations of dietary fiber
with plasma lipids, together with the attenuation of the relation
between dietary fiber intake and IMT progression when serum
lipids were included in the regression model, support this
hypothesis. However, LDL cholesterol did not play an impor-
tant mediating role in the present study. Tillotson et al (21)
reported similar findings. The association between dietary fiber
and HDL cholesterol observed in our study suggests a possible
up-regulation of HDL cholesterol by dietary fiber. Results from
other investigations support this hypothesis (21).

Elevation of HDL cholesterol has been linked to weight loss,
increased exercise, and smoking cessation (44, 45). However,
the mechanisms regulating the increase in HDL cholesterol by
these factors are still not clear. In the present study, the sig-
nificantly lower triacylglycerol concentrations in the highest
intake quintile for total fiber, nonviscous fiber, and pectin than
in the lower intake quintiles suggests a beneficial effect of
dietary fiber on CVD. However, a review of studies assessing
the effect of dietary fiber on triacylglycerol concentrations
found inconsistency across studies (46).

The ratio of TC to HDL cholesterol showed the strongest
association with dietary fiber intake. A significant response of
the ratio of TC to HDL cholesterol to diet manipulation has
also been observed in intervention studies. For example, one
study using a low-fat diet compared the effect on various lipid
indicators and found the strongest effect on the ratio of TC to
HDL cholesterol. The ratio of TC to HDL cholesterol was
proposed as the best metabolic predictor for the effectiveness
of intervention for CVD (47). The ratio of TC to HDL choles-
terol has also been reported to be the strongest prospective
predictor of CVD events in numerous studies (40, 48). Thus,
the association of the ratio of TC to HDL cholesterol with
dietary fiber in the present study suggests a significant influ-

TABLE 4
Correlations between dietary fiber and serum lipids among participants in the Los Angeles Atherosclerosis Study (1995–1999)1

Dietary fiber LDL-C HDL-C LDL-C/HDL-C TC/HDL-C Triacylglycerol

Total fiber �0.032 (0.44) 0.091 (0.03) �0.078 (0.07) �0.094 (0.03) �0.077 (0.07)
Nonviscous fiber �0.024 (0.57) 0.075 (0.08) �0.065 (0.13) �0.079 (0.07) �0.076 (0.08)
Viscous fiber �0.038 (0.37) 0.114 (0.01) �0.091 (0.03) �0.105 (0.01) �0.062 (0.15)
Pectin �0.016 (0.71) 0.089 (0.04) �0.082 (0.06) �0.074 (0.09) �0.083 (0.05)

1 Pearson correlation coefficient; P in parentheses. Correlations were adjusted for age, sex, smoking status, diabetes, use of cholesterol-lowering
medication, use of antihypertension medication, systolic blood pressure, BMI, and intake of saturated fat and cholesterol. LDL-C, LDL cholesterol; HDL-C,
HDL cholesterol; TC, total cholesterol.

DIETARY FIBER AND ATHEROSCLEROSIS 1089

 by guest on January 3, 2017
ajcn.nutrition.org

D
ow

nloaded from
 

http://ajcn.nutrition.org/


ence of dietary fiber on lipid metabolism relevant to the patho-
genesis of atherosclerosis and thrombotic events. It is likely
that some food constituents, such as vitamins, trace elements,
phenolic compounds, and phytoestrogens, found in fiber-rich
foods also affect CVD risk and operate via pathways other than
the lipid-regulating pathway (49).

Although increasing the intake of dietary fiber has been
recommended as a safe and practical approach for cholesterol
reduction (50), several other mechanisms may underlie the
cardiovascular benefits of dietary fiber. These mechanisms
include improvement in postprandial glucose and insulin re-
sponses and lowering of blood pressure and body weight (51–
53). The small correlation coefficients (r values) obtained in
the present study also indicated that the regulation of serum
lipids by dietary fiber intake was not strong, which reflects the
existence of multiple pathways for serum lipid regulation.
Thus, the present study suggests that increased dietary fiber
intake has significant cardiovascular benefit and that the reg-
ulation of serum lipids by dietary fiber may be partially in-
volved in the process of slowing the progression of atheroscle-
rosis.
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