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THE PREVALENCE OF CARDIOVAS-
cular disease (CVD), after de-
clining steadily since mid-
century, has been stable or

increasing over the past decade.1 In-
deed, CVD continues to be the lead-
ing cause of death in the United States.2

Factors known to increase the risk of
CVD include age, obesity, central dis-
tribution of body fat, smoking, physi-
cal inactivity, hypertension, dyslipid-
emias, and abnormalities in blood
clotting factors. Insulin resistance as-
sociated with hyperinsulinemia is com-
mon to many of these risk factors.

Because of the critical role of insulin
in glucose homeostasis, resistance to in-
sulin-stimulated glucose uptake usu-
ally induces compensatory hyperinsu-
linemia. Fasting insulin level is, in fact,
an excellent marker for insulin resis-
tance in population studies.3 While this
compensatory process serves to main-
tain glucose tolerance, chronic hyperin-
sulinemia may increase risk for CVD
through a variety of mechanisms.4,5

Obesity, smoking, age, and physical
inactivity may cause insulin resistance
and hyperinsulinemia, but together ap-
pear to account for, at most, 50% of the
observedindividualvariability.6Thisfind-
ing raises the important question as to
what other factors contribute to hyper-
insulinemia and, by implication, CVD.

Diet may affect insulin levels in 3
ways: by modulating insulin secre-
tion, by affecting insulin action at pe-
ripheral sites, or by promoting obe-
sity. Total or saturated fat intake has
been reported to act in each of these
ways, but the magnitude and signifi-
cance of these effects continue to be de-
bated.7 Moreover, both total and satu-
rated fat intake, as a percentage of total
energy consumption, have been declin-
ing since the 1960s,8 although myocar-
dial infarction incidence has been stable
in the past decade.1 Similarly, the ef-

fects of dietary carbohydrate on insu-
lin sensitivity are controversial.9

Several lines of evidence suggest that
dietary fiber may play a key role in the
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Context Dietary composition may affect insulin secretion, and high insulin levels, in
turn, may increase the risk for cardiovascular disease (CVD).

Objective To examine the role of fiber consumption and its association with insulin
levels, weight gain, and other CVD risk factors compared with other major dietary com-
ponents.

Design and Setting The Coronary Artery Risk Development in Young Adults (CARDIA)
Study, a multicenter population-based cohort study of the change in CVD risk factors
over 10 years (1985-1986 to 1995-1996) in Birmingham, Ala; Chicago, Ill; Minne-
apolis, Minn; and Oakland, Calif.

Participants A total of 2909 healthy black and white adults, 18 to 30 years of age
at enrollment.

Main Outcome Measures Body weight, insulin levels, and other CVD risk factors
at year 10, adjusted for baseline values.

Results After adjustment for potential confounding factors, dietary fiber showed linear
associationsfromlowesttohighestquintilesof intakewiththefollowing:bodyweight(whites:
174.8-166.7 lb [78.3-75.0 kg], P,.001; blacks: 185.6-177.6 lb [83.5-79.9 kg], P = .001),
waist-to-hip ratio (whites: 0.813-0.801, P = .004; blacks: 0.809-0.799, P = .05), fasting
insulinadjustedforbodymass index(whites:77.8-72.2pmol/L[11.2-10.4µU/mL],P = .007;
blacks: 92.4-82.6pmol/L [13.3-11.9µU/mL],P = .01)and2-hourpostglucose insulinad-
justedforbodymass index(whites:261.1-234.7pmol/L[37.6-33.8µU/mL],P = .03;blacks:
370.2-259.7 pmol/L [53.3-37.4 µU/mL], P,.001). Fiber was also associated with blood
pressure and levels of triglyceride, high-density lipoprotein cholesterol, low-density lipo-
proteincholesterol, and fibrinogen; theseassociationswere substantially attenuatedbyad-
justment for fasting insulin level. In comparison with fiber, intake of fat, carbohydrate, and
protein had inconsistent or weak associations with all CVD risk factors.

Conclusions Fiber consumption predicted insulin levels, weight gain, and other CVD
risk factors more strongly than did total or saturated fat consumption. High-fiber diets
may protect against obesity and CVD by lowering insulin levels.
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regulation of circulating insulin lev-
els. Dietary fiber reduces insulin se-
cretion by slowing the rate of nutrient
absorption following a meal.10,11 Ex-
perimentally, insulin sensitivity in-
creases12 and body weight decreases13

on high-fiber diets. In addition, epide-
miological analyses have suggested that
fiber protects against hypertension, hy-
perlipidemia, and CVD.14-16

The purpose of this study was to test
the hypothesis that fiber consumption
is independently and inversely associ-
ated with insulin levels, weight gain,
and other CVD risk factors among
adults, and to compare fiber with fat and
other major dietary components.

METHODS
The Coronary Artery Risk Develop-
ment in Young Adults (CARDIA) Study
is a multicenter population-based study
of CVD risk factor evolution in young
adults in 4 US areas—Birmingham, Ala;
Chicago, Ill; Minneapolis, Minn; and
Oakland, Calif. Stratification was used
to obtain nearly equal numbers of blacks
and whites, younger (18-24 years) and
older (25-30 years) individuals, and
those with more (.high school) and less
(#high school) education. A total of
5111 (51% of eligible participants) at-
tended the baseline examination (year
0) in 1985-1986, with higher participa-
tion rates for men, whites, and highly
educated individuals.17 The cohort has
been followed for 10 years to date, with
follow-up examinations at years 2 (1987-
1988), 5 (1990-1991), 7 (1992-1993),
and 10 (1995-1996).

A total of 3609 participants attended
the year 0, 7, and 10 clinic examina-
tions and completed the diet history at
year 7. In accord with previous CARDIA
articles, we excluded individuals with
extreme values of dietary intake (,3347
and .33 472 kJ/d [,800 and .8000
kcal/d] for men and ,2510 and .25 104
kJ/d [,600 and .6000 kcal/d] for wom-
en; n = 101). We then hierarchically ex-
cluded women who were lactating or
pregnant at the baseline examination or
within 180 days of the year 10 exami-
nation (n = 222), individuals having dia-
betes (use of medications to control

blood glucose or a fasting blood glu-
cose concentration of .7.77 mmol/L
[140 mg/dL]) at examination years 0 or
10 (n = 64), individuals taking medica-
tion for blood pressure or lipid control
(for analyses of fasting and 2-hour in-
sulin, blood pressure, triglycerides,
high-density lipoprotein cholesterol
[HDL-C], and low-density lipoprotein
cholesterol [LDL-C]; n = 129), and those
who had not fasted for at least 8 hours
prior to the clinic visit (for analyses of
levels of fasting and 2-hour insulin,
triglycerides, HDL-C, and LDL-C;
n = 331). As a result of these exclu-
sions and missing data (omitted rather
than imputed) for covariates or depen-
dent variables, the final sample size avail-
able for these analyses varied from 1801
(2-hour insulin) to 2909 (body weight).

Most CVD risk factors used as depen-
dent variables here were measured at all
CARDIA examinations. To model risk
factors prospectively over the maxi-
mum time period that the cohort has
been observed, dependent variables were
taken from the year 10 examination and
adjusted for year 0 values (except 2-hour
insulin, which was available at year 10
only, and fibrinogen, which was avail-
able at year 5 only). Diet, as described
below, was measured at years 0 and 7.
At the time that year 0 dietary data were
collected, the nutrient database re-
ported only crude fiber values and the
overall fiber database was incomplete.
By the time of the year 7 data collec-
tion, the database included total di-
etary fiber for all entries. For this rea-
son, diet from year 7 was used for the
independent variables for these analy-
ses, reflecting the most accurate di-
etary assessment of this population.

The CARDIA diet history is an in-
terviewer-administered quantitative
food frequency questionnaire includ-
ing approximately 700 foods.18 Sex- and
energy-adjusted 1-month test-retest
correlations of macronutrients tended
to be lower for blacks (0.27-0.58) than
whites (0.54-0.82).19 Validity correla-
tions between mean daily nutrient in-
takes from the CARDIA diet history and
means from 7 randomly scheduled 24-
hour recalls ranged from 0.50 to 0.86

in white men to 0.04 to 0.53 in black
women. The University of Minnesota
Nutrition Coordinating Center nutri-
ent database was used to estimate nu-
trient intake (NCC Nutrient Data-
base, Version 20, October 1991,
Nutrition Coordinating Center, Uni-
versity of Minnesota, Minneapolis). Di-
etary and nutrient measures from the
CARDIA diet history used in these
analyses included energy intake (kJ/d),
a lcohol intake (mL/d), dietary
fiber (g/4184 kJ/d, according to the
Association of Official Analytical Chem-
ists, United States Department of Ag-
riculture, Human Nutrition Informa-
tion Service, Gaithersburg, Md, 1988),
and percentage of daily energy intake
from saturated fats, unsaturated (mono-
unsaturated plus polyunsaturated) fats,
carbohydrates (excluding dietary fi-
ber), and protein.

Prior to each examination, partici-
pants were asked to fast for 12 hours
and to avoid smoking and heavy physi-
cal activity for 2 hours. Blood pres-
sure was obtained prior to other clini-
cal procedures with a standardized
random-zero mercury sphygmoma-
nometer (W. A. Baum Co, Copaigue,
NY). Body weight (to the nearest 0.2 kg
with a calibrated balance beam scale)
and height (to the nearest 0.5 cm with
a vertical ruler) were measured with
subjects standing and dressed in light
clothing without shoes. Body mass in-
dex (BMI) was computed as weight in
kilograms divided by height in meters
squared. Waist and hip circumfer-
ences were measured with a tape to the
nearest 0.5 cm around the minimal ab-
dominal girth and the maximal protru-
sion of the hips at the level of the pu-
bic symphysis, respectively.

The insulin radioimmunoassay
required an overnight, equilibrium
incubation and used a unique anti-
body that has less than 0.2% cross-
reactivity to human proinsulin and its
primary circulating split form Des
31,32 proinsulin (Linco Research, St
Louis, Mo). Northwest Lipid Research
Clinic Laboratory (Seattle, Wash),
which is a participant in the Centers
for Disease Control and Prevention

FIBER, WEIGHT GAIN, AND CARDIOVASCULAR DISEASE

1540 JAMA, October 27, 1999—Vol 282, No. 16 ©1999 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ on 05/22/2023



standardization program, was used to
measure all lipids. Triglyceride levels
were estimated using enzymatic proce-
dures, and HDL-C levels were mea-
sured according to the method of
Warnick et al.20 Low-density lipopro-
tein cholesterol levels were calculated
with the formula devised by Friede-
wald et al21 for individuals with tri-
glyceride concentrations less than 4.52
mmol/L (400 mg/dL). Fibrinogen
analysis was performed at the Univer-
sity of Vermont Thrombosis Center
(Burlington) by clot formation rate
using a semiautomated modification
of the Clauss method.22 To determine
stimulated insulin levels, subjects
drank a carbonated solution contain-
ing 75 g of dextrose after an overnight
fast. Blood was obtained 2 hours later
and assayed as described above.

We used SAS software (release 6.12,
SAS Institute, Cary, NC) for all statis-
tical analyses. Race-specific general lin-
ear models were computed to adjust
least squares means of CVD risk fac-
tors (dependent variables) according to
quintiles of dietary factors (indepen-
dent variables). Quintile cutpoints for
dietary factors were based on distribu-
tions of the entire cohort, resulting in
similar levels of intake between blacks
and whites within each quintile. Al-
though the number of blacks and whites
were not evenly distributed across quin-
tiles, no quintile for any dietary factor
contained less than 84 individuals of ei-
ther race. Dependent variables were
body weight; waist-to-hip ratio; sys-
tolic and diastolic blood pressure;
HDL-C; LDL-C; fibrinogen; and the
natural logarithms (to generate a near-
normal distribution) of fasting insu-
lin, 2-hour insulin, and triglycerides. To
express insulin (pmol/L [µU/mL]) and
triglyceride (mmol/L [mg/dL]) concen-
trations according to their natural scale,
geometric means were computed by ex-
ponentiating the adjusted least squares
means. Covariates included in the mod-
els as potential confounders were age,
sex, CARDIA field center, education
(high school graduate vs ,high school
graduate at year 7), energy intake (kJ/d
[kcal/d] at year 7), vitamin supplemen-

tation use (yes/no at year 7), cigarette
smoking (classified as never, former,
quitter, starter, or current at years 0 and
10), alcohol intake (mean mL/d at years
0, 7, and 10), and total physical activ-
ity (mean units at years 0 and 7).23 Since
obesity causes insulin resistance and hy-
perinsulinemia, we also adjusted the as-
sociations between dietary compo-
nents and insulin levels for BMI (mean
of years 0 and 10). To examine whether
the associations between dietary com-
ponents and risk factors may be medi-
ated by insulin level, we adjusted for
fasting insulin in additional models.
Joint associations of dietary fiber and
total fat with 10-year weight gain were
modeled as the interaction of the ter-
tile distributions for these dietary com-
ponents (resulting in 9 least squares
means) with terms for their main ef-
fects included in the models.

For presentation, only the lowest and
highest quintiles of dietary intake are
shown in the tables; however, graded lin-
ear trends were generally observed across
all 5 quintiles for those associations that
were statistically significant (data not
shown). A linear trend across quintiles
was tested with contrast statements us-
ing orthogonal polynomial coeffi-
cients.24 In separate models, interac-
tion terms between sex and the dietary
factors were entered to determine if
associations were generally similar be-
tween men and women within each race.
Of 120 possible interactions with sex be-
tween the risk factors and the 6 dietary
components, only 4 had P values of ,.05
(fiber, total fat, and unsaturated fat with
fasting insulin in blacks [all more
strongly associated in men (P,.02) than
women (P..18)] and carbohydrate with
LDL-C in whites). Six interactions would
be expected by chance alone, an obser-
vation that justifies pooling men and
women within race.

RESULTS
TABLE1 showsenergy-andsex-adjusted
descriptivecharacteristicsoftheCARDIA
cohort according to lowest and highest
quintiles of the dietary factors. Associa-
tions with age were positive for fiber, in-
verse for carbohydrate,weak for fat, and

null forprotein.Womenconsumedmore
fiber and carbohydrate but less protein
and fat (whites only) than men. Ciga-
rette smoking was inversely associated
with carbohydrate and fiber intake and
positively associated with fat intake
(whites only). Physical activity was in-
versely associated with dietary fat, but
positively associated with fiber, carbo-
hydrate, and protein. Alcohol intake
showedinverseassociationswithdietary
carbohydrate and dietary fat. Finally,
vitamin supplementation use was posi-
tively associated with dietary fiber, car-
bohydrate (whites only), and protein,
and inverselyassociatedwithdietary fat.

Mean body weight and waist-to-hip ra-
tio at year 10, adjusted for baseline val-
ues, demographic characteristics, and
lifestyle behaviors, are shown in TABLE 2
according to lowest and highest quin-
tiles of dietary intake. Body weight was
inversely associated with fiber and car-
bohydrate and positively associated with
protein intake in whites. The mean dif-
ference in body weight across quintiles
for fiber was considerably larger (− 3.65
kg [8.1 lb], P,.001) than for carbohy-
drate (−1.40 kg [3.1 lb], P = .04) or pro-
tein (+2.03 kg [4.5 lb], P,.001). Nei-
ther total nor saturated fat intake was
associated with body weight in whites.
In blacks, dietary fiber was also strongly
associated with body weight (−3.60 kg
[8.0 lb], P = .001), while total fat (+1.62
kg [3.6 lb], P = .03) and carbohydrate
(−1.58 kg [3.5 lb], P = .03) were more
modestly associated.

In models including pairs of dietary
components (not shown), fiber re-
mained independently associated with
body weight after adjustment for car-
bohydrate (−3.56 kg [7.9 lb], P, .001)
or protein (−3.65 kg [8.1 lb], P,.001)
in whites, and fat (−3.24 kg [7.2 lb],
P,.001) or carbohydrate (−3.33 kg [7.4
lb], P = .004) in blacks. In contrast, the
associations of body weight with car-
bohydrate in whites (−1.04 kg [2.3 lb],
P = .14) and blacks (−0.81 kg [1.8 lb],
P = .184), and with fat in blacks (+0.50
kg [1.1 lb], P = .41) were substantially
attenuated by adjustment for fiber.

We also examined the independent
and joint associations of fiber and fat
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Table 1. Demographic and Behavioral Characteristics*

White Men and Women Black Men and Women

Q1 Q5 P for Trend† Q1 Q5 P for Trend†

Fiber, g/4184 kJ/d

Quintile cutpoint (median) for both races ,5.9 (5.2) .10.5 (12.3)

Age, mean at baseline, y 24.7 26.1 ,.001 23.9 25.5 ,.001

Women, % 45 57 ,.001 54 66 .02

Smokers, % 32 10 ,.001 26 17 .01

Physical activity, mean units 309 473 ,.001 308 444 ,.001

Alcohol, mean intake, mL/d 12 10 .31 10 8 .52

Vitamin supplement users, % 24 50 ,.001 20 44 ,.001

Total Fat, % kJ/d

Quintile cutpoint (median) for both races ,30.0 (26.6) .41.7 (44.5)

Age, mean at baseline, y 25.6 25.9 .29 24.7 24.6 .83

Women, % 58 45 .003 58 59 .96

Smokers, % 12 19 .004 21 24 .52

Physical activity, mean units 459 381 ,.001 410 307 ,.001

Alcohol, mean intake, mL/d 13 8 ,.001 13 8 ,.001

Vitamin supplement users, % 47 35 ,.001 42 27 ,.001

Saturated Fat, % kJ/d

Quintile cutpoint (median) for both races ,10.0 (8.4) .15.0 (16.3)

Age, mean at baseline, y 25.8 25.5 .69 24.9 23.9 .03

Women, % 56 51 .24 60 56 .54

Smokers, % 11 24 ,.001 22 23 .74

Physical activity, mean units 468 383 ,.001 404 344 .02

Alcohol, mean intake, mL/d 11 10 .11 13 9 ,.001

Vitamin supplement users, % 47 32 ,.001 38 27 .008

Unsaturated Fat, % kJ/d

Quintile cutpoint (median) for both races ,16.9 (15.0) .24.5 (26.8)

Age, mean at baseline, y 25.6 26.2 .04 24.8 24.8 .57

Women, % 60 46 ,.001 58 61 .71

Smokers, % 14 14 .55 21 23 .76

Physical activity, mean units 452 386 ,.001 407 303 ,.001

Alcohol, mean intake, mL/d 14 9 ,.001 12 9 .003

Vitamin supplement users, % 46 35 .004 38 26 .005

Carbohydrate, % kJ/d

Quintile cutpoint (median) for both races ,36.4 (33.5) .48.3 (51.9)

Age, mean at baseline, y 26.2 25.4 .002 24.8 24.2 .004

Women, % 40 60 ,.001 52 66 ,.001

Smokers, % 26 12 ,.001 35 17 ,.001

Physical activity, mean units 401 443 .06 310 361 .01

Alcohol, mean intake, mL/d 19 7 ,.001 17 6 ,.001

Vitamin supplement users, % 36 43 .004 28 33 .24

Protein, % kJ/d

Quintile cutpoint (median) for both races ,12.4 (11.4) .16.3 (17.7)

Age, mean at baseline, y 25.7 25.5 .40 24.5 24.6 .95

Women, % 56 50 .03 65 55 ,.001

Smokers, % 22 18 .32 26 24 .59

Physical activity, mean units 403 437 .09 314 380 ,.001

Alcohol, mean intake, mL/d 12 12 .39 11 11 .38

Vitamin supplement users, % 35 42 .05 25 36 .007

*Data expressed according to quintiles of year 7 dietary factors and adjusted for total energy intake and sex (except for sex) (n = 2909).
†For brevity, only the lowest (Q1) and highest (Q5) quintiles of the dietary factors are shown. P values are for test of linear trend of least squares means across all 5 quintiles of dietary

factors.
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intake with 10-year weight gain in white
and black men and women (FIGURE).
At all levels of fat intake, individuals eat-
ing the most fiber gained less weight
than those eating the least fiber. In
whites, the largest mean difference was
found when comparing those with the
lowest fiber and fat consumption to
those with the greatest fiber and fat con-
sumption (9.59 kg vs 5.72 kg [21.3 vs
12.7 lb], P = .003). Fiber intake was sig-
nificantly associated with waist-to-hip
ratio in whites (0.813-0.801, P = .004)
and blacks (0.809-0.799, P = .05), al-
though dietary fat was not (Table 2).

As shown in Table 2, after adjusting
for BMI and other confounding vari-
ables, both dietary fiber (mean differ-
ence of −5.6 pmol/L [0.8 µU/mL] from
lowest to highest quintiles, P = .007)
and saturated fat (+4.2 pmol/L [0.6
µU/mL], P = .05) were associated with
fasting insulin in whites. When in-
cluded in the same model, fiber re-
mained significantly associated with
fasting insulin (−4.2 pmol/L [0.6 µU/
mL], P = .03) whereas fat did not (+1.4
pmol/L [0.2 µU/mL], P = .38) (not
shown). In blacks, fiber was the only
dietary factor associated with fasting in-
sulin level (−9.7 pmol/L [1.4 µU/mL],
P = .01). Fiber, but neither total nor
saturated fat, was associated with
2-hour insulin in both races (whites:
−26.4 pmol/L [3.8 µU/mL], P = .03;
blacks: −110.4 pmol/L [15.9 µU/mL],
P,.001).

In white men and women, fiber was
associated with systolic blood pressure
(mean difference from lowest to high-
est quintiles: −2.2 mm Hg, P = .01), di-
astolic blood pressure (−2.7 mm Hg,
P,.001), triglycerides (−0.09 mmol/L [8
mg/dL], P = .05), HDL-C (+0.06 mmol/L
[2.5 mg/dL], P = .005), LDL-C (−0.12
mmol/L [4.8 mg/dL], P = .06), and fi-
brinogen (−0.47 µmol/L [16 mg/dL],
P = .005) (TABLE 3). With the excep-
tion of diastolic blood pressure, these as-
sociations were substantially attenu-
ated after adjustment for fasting insulin
(systolic blood pressure: −1.2 mm Hg,
P = .16; triglycerides: −0.007 mmol/L
[0.6 mg/dL], P = .93; HDL-C: +0.033
mmol/L [1.3 mg/dL], P = .10; LDL-C:

−0.111 mmol/L [4.3 mg/dL], P = .35; and
fibrinogen: −0.21 µmol/L [7.2 mg/dL],
P = .38). In contrast, no form of dietary
fat was significantly associated with any
of these CVD risk factors. Dietary com-
ponents generally correlated poorly with
blood pressure and levels of lipids and
fibrinogen in blacks; however, the di-
rection of association was the same for
each risk factor in blacks and whites for
dietary fiber only.

COMMENT
The prevalence of CVD remains high in
the United States2 despite reductions in
total and saturated fat intake to levels
near government recommendations.8

Furthermore, the rates of obesity and
type 2 diabetes have increased dramati-
cally, raising serious concern for public
health in the next century. While many
factors undoubtedly contribute to this
problem, our study underscores the po-

Table 2. Adjusted Means of Year 10 Body Weight, Waist-to-Hip Ratio, Fasting Insulin, and
2-Hour Insulin According to Quintiles of Dietary Factors*

White Men and Women Black Men and Women

Q1 Q5 P for Trend Q1 Q5 P for Trend

Body Weight, lb†‡

No. of subjects 1602 1307

Fiber 174.8 166.7 ,.001 185.6 177.6 .001

Total fat 168.6 169.4 .32 182.1 185.7 .03

Saturated fat 168.5 170.3 .18 180.7 182.9 .21

Unsaturated fat 168.9 169.2 .78 181.9 186.3 .03

Carbohydrate 170.2 167.1 .04 186.9 183.5 .03

Protein 167.1 171.6 ,.001 181.7 185.4 .25

Waist-to-Hip Ratio†

No. of subjects 1598 1302

Fiber 0.813 0.801 .004 0.809 0.799 .05

Total fat 0.802 0.803 .50 0.806 0.811 .22

Saturated fat 0.804 0.809 .35 0.806 0.805 .85

Unsaturated fat 0.802 0.806 .81 0.803 0.811 .17

Carbohydrate 0.805 0.801 .21 0.815 0.806 .11

Protein 0.805 0.811 .02 0.804 0.812 .10

Fasting Insulin, µU/mL§

No. of subjects 1344 995

Fiber 11.2 10.4 .007 13.3 11.9 .01

Total fat 10.5 10.3 .67 12.4 12.8 .43

Saturated fat 10.4 11.0 .05 12.1 12.3 .55

Unsaturated fat 10.6 10.4 .42 12.2 13.0 .20

Carbohydrate 10.5 10.4 .93 12.7 13.1 .72

Protein 10.8 10.9 .97 12.8 12.5 .13

2-Hour Insulin, µU/mL§

No. of subjects 1087 714

Fiber 37.6 33.8 .03 53.3 37.4 ,.001

Total fat 34.6 36.8 .18 42.7 51.5 .11

Saturated fat 35.2 36.1 .15 42.2 45.6 .37

Unsaturated fat 34.1 36.9 .33 43.7 50.8 .17

Carbohydrate 36.3 33.4 .39 47.6 47.1 .65

Protein 33.8 37.8 .04 52.5 44.4 .04

*For brevity, only the lowest (Q1) and highest (Q5) quintiles of the dietary factors are shown. P values are for test of
linear trend of least squares means across all 5 quintiles. Fiber is expressed as g/4184 kJ/d; the other dietary factors
are expressed as the percentage of total energy consumption.

†Adjusted for baseline values of the respective body size variable, sex, age, field center, education, energy intake, physi-
cal activity, cigarette smoking, alcohol intake, and vitamin supplement use.

‡To convert pounds (lb) to kilograms (kg), multiply by 0.45.
§Adjusted for body mass index, sex, age, field center, education, energy intake, physical activity, cigarette smoking,

alcohol intake, and vitamin supplement use (fasting insulin was also adjusted for its baseline value). To convert µU/mL
to pmol/L, multiply by 6.945.
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tential importance of dietary fiber to CVD
risk. These findings are consistent with
the Health Professionals’ Follow-up
Study in which the modest associations
between dietary fat and myocardial in-
farction incidence were largely attenu-
ated by adjustment for dietary fiber,25

whereas dietary fiber remained signifi-
cantly associated with myocardial in-
farction incidence even after adjust-
ment for saturated fat.15

We believe that the strong inverse as-
sociationsbetweendietaryfiberandmul-
tipleCVDriskfactors—excessiveweight
gain, central adiposity, elevated blood
pressure, hypertriglyceridemia, low
HDL-C, high LDL-C, and high fibrino-
gen—are mediated, at least in part, by
insulin levels. Dietary fiber exerts a ma-
jor effect on the glycemic, and therefore
the insulinemic, response to carbohy-
drate in a meal.10,11 Fiber was shown, for
example, toaccount forabout40%of the
variance in glycemic index (a measure
of the rateof carbohydrateabsorption26)
among 18 starchy foods.27 Due to its in-
herentlyhighglycemicindex,a low-fiber
diet would tend to stimulate relatively
more insulin secretion than a high-fiber
diet. Inthisstudy, thehighest insulinlev-
els afteradjustment forBMIwere indeed
found among individuals with the low-
est fiber intake.

Highcirculatinginsulinlevels, inturn,
may cause hypertension, dyslipidemia,
abnormalities in blood clotting factors,
and perhaps direct vascular injury,4,5

components of the so-called syndrome

X.4 Moreover, a recent meta-analysis of
12 prospective studies concluded that
insulinconcentrationhadapositiveand
statistically significant association with
CVD incidence.28 However, method-
ological inconsistencies among studies
preclude an estimate of the magnitude
of this association. Recently, a nested
case-control study of ischemic heart
disease revealed that individuals with
fasting insulinconcentrationsabove the
median level had 5.5 times the odds of
developingheartdiseasethanthosewith-
out elevated insulin levels after control-
ling for age, lifestyle factors, BMI, sys-
tolicbloodpressure,medicationuse,and
family history of heart disease.29 In this
study, fasting insulin level was found to
attenuate the associations between fiber
and blood pressure, lipids, and fibrino-
gen, which provides support for an in-
termediary role of insulin.

The association between dietary fiber
and body weight is of particular inter-
est. The high insulin levels associated
with low-fiberdietsmaypromoteexces-
siveweightgainbyseveralmechanisms,
involving alterations in adipose tissue
physiology, shunting of metabolic fuels
fromoxidation tostorage, and increased
appetite.Forexample,prior insulintreat-
ment of normal rats increased insulin-
stimulated glucose utilization in white
adipose tissue, but decreased utilization
in muscle. These changes were associ-
ated with increased food intake and
weightgain.30 Inhumans,highglycemic
index meals have been shown to induce

a sequence of acute hormonal changes
that diminish availability of metabolic
fuels in the postabsorptive period and
cause overeating.31 Indeed, hyperinsu-
linemia has been associated with exces-
siveweightgain insome,32,33 butnotall,33

prospectiveepidemiological studies. In-
terestingly, white men and women con-
suming diets presumed to be lowest in
glycemic index (high fiber, high fat)
gained the least amount of weight over
10 years, whereas those consuming di-
ets presumed to be highest in glycemic
index(lowfiber, lowfat)gainedthemost
during this period.

While fiber may also influence body
weight by mechanisms independent of
insulin (ie, the low energy density of
fiber promoting satiety and decreased
weight gain), such alternative expla-
nations cannot fully account for our
findings. Were energy density to be of
primary importance, fat consumption
should be tightly associated with body
weight; consistent with some but not
all previous studies,34 we found no as-
sociation in whites and a modest asso-
ciation in blacks that was explained by
fiber intake. Moreover, fiber remained
strongly associated with insulin levels
after correction for BMI, suggesting that
the higher insulin levels in individu-
als consuming low-fiber diets did not
result from excessive weight gain alone.
Thus, fiber may have a dual role in the
prevention of hyperinsulinemia by de-
creasing circulating insulin levels di-
rectly and by preventing obesity with
its associated insulin resistance, ef-
fects that may be especially important
for individuals consuming low-fat (and
therefore high-carbohydrate) diets.

Several methodological issues should
be addressed. First, we recognize that
this study, like all observational stud-
ies, cannotprovecausality.Forexample,
high-fiber and low-fat diets are typi-
cally associated with other healthful
lifestyle patterns. However, the con-
clusions reached here are likely to be
correct for several reasons: the data
have been adjusted for all commonly
accepted, potential confounding
variables; dietary fiber is related to
CVD risk by a plausible physiological

Figure. Joint Associations of Dietary Fiber and Total Fat With 10-Year Weight Gain
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Table 3. Adjusted Means of Year 10 Blood Pressure, Triglycerides, High-Density Lipoprotein (HDL) Cholesterol, Low-Density Lipoprotein
(LDL) Cholesterol, and Year 5 Fibrinogen According to Quintiles of Dietary Factors*

White Men and Women Black Men and Women

Q1 Q5 P for Trend† Q1 Q5 P for Trend†

Systolic Blood Pressure, mm Hg
No. of subjects 1516 1215
Fiber 109.1 106.9 .01 111.6 111.5 .77
Total fat 107.0 107.6 .28 110.9 112.3 .14
Saturated fat 107.0 108.4 .32 110.9 111.6 .22
Unsaturated fat 107.2 107.3 .71 111.2 112.2 .23
Carbohydrate 107.8 106.5 .13 112.7 111.0 .08
Protein 106.9 107.8 .21 111.7 112.7 .17

Diastolic Blood Pressure, mm Hg
No. of subjects 1516 1215
Fiber 72.4 69.7 ,.001 74.0 73.3 .70
Total fat 70.2 70.1 .81 73.0 74.8 .03
Saturated fat 70.1 71.1 .41 73.0 73.7 .18
Unsaturated fat 70.4 70.2 .97 73.4 74.6 .13
Carbohydrate 69.7 70.3 .79 74.8 73.3 .10
Protein 70.6 70.7 .85 73.7 73.5 .61

Triglyceride, mg/dL‡
No. of subjects 1432 1073
Fiber 88.5 80.5 .05 70.1 65.8 .11
Total fat 83.0 79.5 .40 68.5 68.3 .88
Saturated fat 83.5 80.0 .39 67.9 69.3 .64
Unsaturated fat 83.4 81.1 .59 68.9 68.4 .91
Carbohydrate 81.4 81.6 .82 68.1 68.9 .50
Protein 80.0 85.5 .20 67.0 70.4 .48

HDL Cholesterol, mg/dL§
No. of subjects 1433 1073
Fiber 46.5 49.0 .005 51.5 52.4 .28
Total fat 48.5 48.0 .94 51.9 52.4 .99
Saturated fat 48.2 48.7 .64 51.8 52.0 .94
Unsaturated fat 48.6 48.7 .63 51.7 52.0 .69
Carbohydrate 48.4 48.9 .59 52.3 50.8 .11
Protein 49.0 47.4 .006 51.1 52.2 .08

LDL Cholesterol, mg/dL§
No. of subjects 1421 1068
Fiber 112.8 108.0 .06 108.3 104.7 .20
Total fat 107.9 108.4 .85 106.2 109.4 .13
Saturated fat 108.3 109.8 .39 106.7 107.4 .47
Unsaturated fat 109.4 107.8 .56 106.3 109.1 .20
Carbohydrate 109.0 109.0 .56 109.2 106.9 .57
Protein 108.1 111.4 .18 108.9 104.5 .09

Fibrinogen, mg/dL\

No. of subjects 1453 1132
Fiber 264 248 .005 274 269 .80
Total fat 253 258 .10 270 273 .39
Saturated fat 251 258 .18 270 273 .34
Unsaturated fat 252 255 .44 274 272 .90
Carbohydrate 257 253 .32 275 268 .17
Protein 248 255 .02 268 276 .02

*Adjusted for the baseline value of the respective risk factor (except fibrinogen), sex, age, field center, education, energy intake, physical activity, cigarette smoking, alcohol intake,
and vitamin supplement use. Fiber is expressed as g/4184 kJ/d; the other dietary factors are expressed as the percentage of total energy consumption.

†For brevity, only the lowest (Q1) and highest (Q5) quintiles of the dietary factors are shown. P values are for test of linear trend of least squares means across all 5 quintiles.
‡To convert mg/dL to mmol/L, multiply by 0.01129.
§To convert mg/dL to mmol/L, multiply by 0.02586.
\To convert mg/dL to µmol/L, multiply by 0.02941.
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mechanism; it seems improbable that
reversecausalitywouldapply in thegen-
eral population (ie, the presence of CVD
risk factors caused lower fiber intake);
and these results are consistent with
numerous studies demonstrating
improvements in CVD risk factors on
either high-fiber or low glycemic index
diets.14,15,35,36 Second, 1 dietary compo-
nent (eg, fat) could be less precisely or
accurately measured than another, and
therefore the relative importance of this
component with respect to CVD risk
factors could be underestimated. How-
ever, this study used a standardized,
validated diet history designed specifi-
cally to quantitate dietary fat.18 Third,
a relatively large spread was observed
in dietary fiber intake among individu-
als in this study; our findings would not
necessarily apply to other populations
with different patterns of fiber con-
sumption. Fourth, the discrepancies

in diet/CVD risk factor associations
between whites and blacks found here
probably reflect the lower observed
validity of the CARDIA diet history
among blacks,19 although the possibil-
ity of actual racial differences remains.

This studydidnotexamine theeffects
of fiber type (eg, soluble or insoluble),
source(eg,wholegrain,refinedgrain,veg-
etable,or fruit),or form(eg, intactorpro-
cessed). These variables, together with
otherbiologically activeconstituents as-
sociatedwith fiber (eg,magnesium,vita-
min E), may affect the insulin response
to ingested carbohydrate10,37-39 as well as
CVD risk15,25,40 in important ways. It re-
mainstobedeterminedwhetherimprove-
mentincertainCVDriskfactorsobserved
on diets rich in fruits, vegetables, and
whole grains are directly attributable to
the high fiber content (and lower glyce-
mic index), to relatedproperties (eg, an-
tioxidants, phytochemicals), or both.

In summary, dietary fiber was in-
versely associated with insulin levels,
weight gain, and other risk factors for
CVD in young adults. The findings from
this investigation, together with those
of the Health Professionals’ Follow-up
Study,15,25 raise the interesting possi-
bility that fiber may play a greater role
in determining CVD risk than total or
saturated fat intake. Long-term inter-
ventional studies are needed to exam-
ine the effects of high-fiber and low gly-
cemic index diets in the prevention of
obesity and CVD.
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