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T

HE PREVALENCE OF OBESITY IN

the United States has increased dramatically during the
past several decades. 1,2 Although the cause of obesity is undoubtedly multifactorial, much attention has
been paid to possible effects of dietary
macronutrient composition.3-7 A number of popular diet books8-10 have suggested that increasing obesity may be
attributed to the diets recommended for
chronic disease prevention by various
national health organizations.11-13 Specifically, these organizations recommend diets that are lower in total and
saturated fat and high in carbohydrates from vegetables, fruits, and whole
grains or fiber-rich foods. Proponents
of the popular alternative diets8-10 have
claimed that the higher proportion of
For editorial comment see p 94.

Context Obesity in the United States has increased dramatically during the past several decades. There is debate about optimum calorie balance for prevention of weight
gain, and proponents of some low-carbohydrate diet regimens have suggested
that the increasing obesity may be attributed, in part, to low-fat, high-carbohydrate
diets.
Objectives To report data on body weight in a long-term, low-fat diet trial for which
the primary end points were breast and colorectal cancer and to examine the relationships between weight changes and changes in dietary components.
Design, Setting, and Participants Randomized intervention trial of 48 835 postmenopausal women in the United States who were of diverse backgrounds and ethnicities and participated in the Women’s Health Initiative Dietary Modification Trial;
40% (19 541) were randomized to the intervention and 60% (29 294) to a control
group. Study enrollment was between 1993 and 1998, and this analysis includes a
mean follow-up of 7.5 years (through August 31, 2004).
Interventions The intervention included group and individual sessions to promote
a decrease in fat intake and increases in vegetable, fruit, and grain consumption and
did not include weight loss or caloric restriction goals. The control group received dietrelated education materials.
Main Outcome Measure Change in body weight from baseline to follow-up.
Results Women in the intervention group lost weight in the first year (mean of 2.2
kg, P⬍.001) and maintained lower weight than control women during an average 7.5
years of follow-up (difference, 1.9 kg, P⬍.001 at 1 year and 0.4 kg, P=.01 at 7.5 years).
No tendency toward weight gain was observed in intervention group women overall
or when stratified by age, ethnicity, or body mass index. Weight loss was greatest among
women in either group who decreased their percentage of energy from fat. A similar
but lesser trend was observed with increases in vegetable and fruit servings, and a
nonsignificant trend toward weight loss occurred with increasing intake of fiber.
Conclusion A low-fat eating pattern does not result in weight gain in postmenopausal women.
Clinical Trial Registration ClinicalTrials.gov, NCT00000611.
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Figure 1. Participant Flow in the Dietary Modification Component of the Women’s Health
Initiative
373 092 Women Initiated
Screening by Providing the
Eligibility Screening Form
316 953 Excluded
24 473 Refused Consent
107 210 Had <32% Energy From Fat
185 270 Consent Information Not Available
56 139 Provided Consent and Met
the ≥32% Energy From Fat
Eligibility Criterion
7304 Excluded∗
1668 Nutritionist Judgment/Participant
Reevaluation
2163 Administrative Ineligibility
278 Ate ≥10 Meals per Week Away
From Home
229 Had History of Breast Cancer
453 Other Medical Condition
48 835 Randomized

19 541 Were Assigned to Receive Low-Fat Diet

29 294 Were Assigned to Receive Usual Diet

Status on 8/31/04
17 819 Alive and Outcomes Data
Submitted in Last 18 mo
576 Withdrew
307 Lost to Follow-up
839 Deceased

Status on 8/31/04
26 945 Alive and Outcomes Data
Submitted in Last 18 mo
733 Withdrew
363 Lost to Follow-up
1253 Deceased

18 814 Included in Primary Analyses

27 994 Included in Primary Analyses

*Categories are presented for which exclusions are known. More than 1 reason could be given for exclusion.

carbohydrates in the standard diets may
promote weight gain.
Three recent studies reported that individuals assigned to a hypocaloric lowcarbohydrate diet (with high protein
and fat content) lost more weight during a 6-month period than did those assigned to reduced-fat (25%-33%) diets14-16; however, in the study that was
extended to 1 year, no differences in
weight loss were demonstrated between the low-carbohydrate and lowfat diet groups after 12 months.14 Furthermore, in the Women’s Health
Initiative (WHI) Feasibility Study,
women in the low-fat intervention
group after 6 months lost weight compared with the usual diet control
group.17 A recent comparison of 4 lowfat and high-fat diets showed that
weight changes did not differ at 1 year,7
but an 18-month comparison of a lowfat and Mediterranean-style diet showed
40

poorer adherence to the low-fat diet.18
No published data are available on the
longer-term effects on body weight of
the reduced-fat, higher-carbohydrate diets that are recommended.
The WHI Dietary Modification Trial
was designed to examine the longterm benefits and risks of a dietary pattern low in fat, with increased vegetable, fruit, and grain intake, on breast
and colorectal cancers and cardiovascular disease in postmenopausal women.19 Between 1993 and 1998, 48 835
postmenopausal women were randomly assigned to either a low-fat dietary intervention or self-selected dietary control group. 20 This report
includes anthropometric and nutrient
data through August 31, 2004, with a
mean follow-up of 7.5 years. The intervention aimed to change diet patterns
but did not encourage weight loss or caloric reduction. The trial, therefore, pro-
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vided a unique opportunity to examine
the long-term effects of an ad libitum reduced-fat dietary pattern on body
weight. In this article, we report longitudinal data on body weight in the intervention and control groups during follow-up and examine the relationships
between weight changes and specific
changes in dietary components and macronutrient composition.
METHODS
Details of the study design and recruitment methods for the WHI Dietary
Modification Trial have been published.20,21 Briefly, 48 835 women, nearly
20% of whom were ethnic minorities,
between the ages of 50 and 79 years
were randomly assigned to the intervention (40%, n = 19 541) or control
groups (60%, n=29 294) (FIGURE 1).
Exclusions after consent were (1) being
unable or unwilling to complete a 4-day
food record (after a prerandomization
trial run-in), (2) changes in eligibility
since the initial screening visit, and (3)
a combination of nutritionist judgment and participant reevaluation of interest. The third criterion involved a review between the nutritionist and
participant about adherence, willingness to be randomized to intervention
or control, and willingness to attend sessions and self-monitor if randomized to
intervention. Ethnicity was classified by
self-report, using options outlined on
the personal data form completed by all
participants at baseline.
Eligibility criteria included being 50
to 79 years of age, postmenopausal, and
consuming a diet at baseline with fat intake of at least 32% of daily total calories as evaluated by a food frequency
questionnaire (FFQ); this latter criterion eliminated approximately 50% of
individuals screened.22 Major exclusions included previous breast cancer,
cancers other than nonmelanoma skin
cancer in the last 10 years, medical conditions with predicted survival less than
3 years, and adherence concerns such
as alcoholism. All women provided informed consent before randomization
into the trial, and the study was approved by the institutional review
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boards at the Fred Hutchinson Cancer
Institute and all 40 clinical centers.
Women assigned to the control
group received a copy of the Dietary
Guidelines for Americans23,24 as well as
other diet- and health-related educational materials, but otherwise had no
contact with study dietitians. In contrast, women randomized to dietary intervention were assigned to groups of
8 to 15 participants for a series of sessions structured to promote dietary and
behavioral changes that would result in
reducing total dietary fat to 20% and increasing intake of vegetables and fruit
to 5 or more servings and grains (whole
grains encouraged) to 6 or more servings daily. Participants were informed
that the diet was not intended to promote weight loss and were encouraged to maintain usual energy intake
by replacing fat calories with calories
from other sources, mainly carbohydrate. Details of the intervention have
been published.22 Eighteen group sessions were scheduled during the first
12 months, after which the session frequency was reduced to 4 per year for
the duration of the trial. Individual contacts were completed in person or by
telephone or mail for women who could
not attend the sessions. Group activities were supplemented throughout the
course of the study by an intervention
protocol consisting of 3 individual interviews that used reflective listening
techniques that were validated in a
pilot study at 3 centers, 25 targeted
message campaigns, and personalized
feedback.
The participants were asked to selfmonitor dietary fat, fruit and vegetable, and grain intake throughout the
study.21 Independent of the dietary intervention, women in both groups were
contacted by telephone every 6 months
by clinic staff and scheduled to complete annual clinic visits, during which
height, weight, and waist and hip circumference were measured. Physical
activity was assessed at baseline and
years 1, 3, 6, and 9; questions assessed
walking and sports, and hours of activity per week were calculated for each
participant. Physical activity was ex-

pressed as metabolic equivalents
(METs) per week for the analyses.
Diet was monitored with the selfadministered WHI FFQ,21 which was
designed specifically for the study. All
participants completed an FFQ at baseline and 1 year; thereafter, one third of
the participants completed the FFQ
each year in a rotating sample so that
each participant was asked to complete an FFQ every 3 years. Completion rates were 100% at baseline and
thereafter averaged 81% through year
8. Data on diet during follow-up were
computed from FFQs obtained during years 5 through 7. Trained clinic
staff, who were responsible for anthropometric assessments and administration of FFQs, were blinded to treatment assignments to the extent
practical. The dietary intervention staff
did not conduct clinical assessments,
and clinic staff were not permitted to
participate in any intervention activities; participants were instructed not to
discuss nutrition activities with clinic
staff. Body weight was measured using standardized methods on beam
scales at the WHI clinics at baseline and
annually throughout the study. Weight
measurements during follow-up were
unavailable for 727 intervention and
1300 control group women.
For this report, primary analyses using generalized estimating equation
methods26,27 compared weight change
from baseline for all participants to estimate mean weight change across follow-up time, adjusted for various characteristics (age, race/ethnicity, and body
mass index [BMI] at baseline and
change in both dietary intake and physical activity patterns). These estimating methods allow flexibility in the
shape of the distribution of weight
change at each follow-up year and allow correlations among the weight
changes for a given woman at various
follow-up times.
Proportions with missing follow-up
data for weight (3.7% and 4.4%) and
FFQ (20% and 22%) were similar in
intervention and control groups. To
address the issue of missing data, the
inverse selection probability weighted
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method was used.28 Secondary analyses examined the relationship between weight change from baseline
and various aspects of dietary patterns
during follow-up, using a linear
regression model for the mean weight
change. Aspects examined included
changes in percentage of energy from
fat, fruit and vegetable consumption,
and fiber intake, with a focus on the
ability of these data to provide an
explanation for weight-change data.
Secondary analyses also were performed, adjusting for energy intake by
including total kilocalories at baseline
in the model to confirm the strength
of any associations found between
weight change and change in nutrient
intake. To monitor potential weightloss confounders, analyses were
evaluated for women who reported
having diabetes at baseline (n=2948),
women who reported no diabetes at
baseline or follow-up (n = 42 859), or
women who reported no malignancy
at baseline or follow-up (n = 42 003).
All analyses were performed with SAS
statistical software, version 9.1.3 (SAS
Institute Inc, Cary, NC). All tests
used an a priori defined .05 level of
significance.
RESULTS
As of August 31, 2004, 2092 (4.3% control and 4.3% intervention) participants were deceased, 1309 had stopped
follow-up (2.5% control and 2.9% intervention), and 670 (1.2% control and
1.6% intervention) were lost to followup. Mean follow-up was 7.5 years.
Dropout rates (sum of stopped or lost
to follow-up) were slightly higher in
younger (50-59 years) women (4.7%)
and in nonwhite women (6.1%).
Baseline characteristics of the study
participants by intervention group are
summarized in TABLE 1. The cohort was
ethnically diverse, with a mean (SD) age
of 62.3 (6.9) years, and included a range
of education and income levels. No
significant differences were found
between the groups for any of the
demographic and clinical measures presented. The groups reflect the characteristics of the general population of
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income. Diabetes prevalence was higher
among black, Hispanic, and American
Indian women than among white or
Asian/Pacific Islander women (data not
shown).
In comparing nutrient intakes at
last follow-up visit and baseline
(TABLE 2), only minor (nonsignificant) changes were observed in the
average intake and dietary pattern in
the control group. Those randomized
to the diet intervention reported significant changes in all of the dietary

postmenopausal women throughout
the United States, except the women in
this trial had somewhat higher income and education and lower smoking rates.17 Forty-four percent of the
women were taking postmenopausal
hormone therapy at baseline, and the
proportion decreased during the years
of follow-up. Compared with whites,
the other racial and ethnic groups were
younger, and black, Hispanic, and
American Indian women had higher
BMIs and lower levels of education and

Table 1. Baseline Characteristics of the Women’s Health Initiative Dietary Modification Trial
Intervention and Control Groups
No. (%)

Age at screening
Mean (SD), y
Race/ethnicity
White
Black
Hispanic
American Indian
Asian/Pacific Islander
Unknown
Education
Grade school
Some high school
High school diploma/GED
School after high school
College degree or higher
Family income, $
⬍10 000
10 000-19 999

Intervention
(n = 19 541)
19 541
62.3 (6.9)

Control
(n = 29 294)
29 294
62.3 (6.9)

P
Value*
.99

15 869 (81.2)
2137 (10.9)
755 (3.9)
88 (0.5)
433 (2.2)
259 (1.3)

23 890 (81.6)
3129 (10.7)
1099 (3.8)
115 (0.4)
674 (2.3)
387 (1.3)

.76

210 (1.1)
632 (3.3)
3425 (17.6)
7711 (39.7)
7445 (38.3)

366 (1.3)
1007 (3.5)
5093 (17.5)
11 597 (39.8)
11 042 (37.9)

.27

683 (3.7)
2091 (11.4)

1100 (4.0)
3203 (11.6)

20 000-34 999
35 000-49 999
50 000-74 999

4501 (24.4)
3954 (21.5)
3887 (21.1)

6814 (24.7)
5868 (21.3)
5662 (20.5)

ⱖ75 000

.40

3293 (17.9)

4948 (17.9)

Height
Mean (SD), cm
Weight

19 479
162.2 (6.4)
19 523

29 205
162.1 (6.6)
29 271

Mean (SD), kg†
Body mass index
Mean (SD)‡
Waist circumference
Mean (SD), cm
Current smoker
History of diabetes

76.8 (16.7)
19 454
29.1 (5.9)
19 486
89.0 (13.9)
1273 (6.6)
1165 (6.0)

76.7 (16.5)
29 157
29.1 (5.9)
29 224
89.0 (13.7)
1977 (6.8)
1783 (6.1)

.84
.33
.57

History of cancer
Current hormone therapy use at baseline

853 (4.4)
8640 (44.2)

1286 (4.4)
12 972 (44.3)

.89
.86

Abbreviation: GED, general equivalency diploma.
*P values from 2-sample t tests for continuous variables or from 2 tests for categorical variables.
†Tested on the log scale.
‡Measured as weight in kilograms divided by height in meters squared.
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.12
.38
.58

components included in the intervention. Percentage of energy from total,
saturated, and unsaturated fat was significantly lower, and percentage of
energy from carbohydrate was significantly higher compared with that of
control group women during followup. Intake of fiber, vegetables and
fruits, total grains, and whole grains
also increased significantly from baseline in the intervention group while
remaining stable in the control group.
Black and Hispanic women decreased
fat intake slightly less (6.6% and 5.6%)
than did the group as a whole (8.3%),
and Hispanic women showed somewhat lower increases in fiber than did
the group as a whole (1.5. vs 2.5 g/d).
FIGURE 2 shows change in weight in
both groups throughout the study period. Mean weight decreased significantly in the intervention group from
baseline to year 1 by 2.2 kg (P⬍.001)
and was 2.2 kg less than the control
group change from baseline at year 1.
This difference from baseline between
control and intervention groups diminished over time, but a significant difference in weight was maintained
through year 9 (0.5 kg, P = .01); this
diminution in the difference between
groups was similar if women who died,
dropped out, or were lost to follow-up
were removed from the analysis (data
not shown). There was no evidence of
weight gain over the baseline value
among women in the intervention
group at any follow-up point.
Changes in body weight during the
study are shown by racial/ethnic group
in Figure 2. In all racial and ethnic
groups, initial weight loss occurred in
the intervention group. Decreases in
weight from baseline in the intervention vs control group during the course
of the study remained significantly different in all years for white women, in
year 1 for black women, in years 2 and
5 for Hispanic women, and in years 1,
3, 4, and 6 for American Indian women; in Asian/Pacific Islander women, the
differences were not significant. All anthropometric data for each ethnic group
and the total cohort are included in
TABLE 3.
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Stratification of the cohort by age
(FIGURE 3) revealed different weightchange trends throughout the study period in the control group, with more
weight gain demonstrated among
women aged 50 to 59 years (mean, 1.2
kg), relative to those aged 60 to 69 years
at baseline (mean, −0.4 kg) and a tendency toward weight loss in those aged
70 to 79 years (mean, −2.2 kg). Mean

weight change from baseline was significantly different (ie, lower) in the
intervention group than in the control
group through year 7 for women aged
70 to 79 years and through year 8 for
the 2 younger age strata. Because of
the trend toward weight loss in the
older control women, analyses also
were performed by eliminating the
older age group; mean weight-change

differences between control and intervention were 2.2 kg at year 1 and 0.6
kg at year 9 (data not shown). Stratification by baseline BMI showed that
although the normal-weight (BMI
⬍25) women in the control group
tended to gain more weight (mean,1.4
kg) than the obese women (BMI
ⱖ30), the differences in weight
change between the intervention and

Table 2. Baseline and Final Nutrient Intakes in Intervention and Control Groups*
Intervention

Control

No.

Mean (SD)

No.

Mean (SD)

Difference (SE)

P Value†

19 517
14 246
14 246

1788.1 (703.8)
1445.9 (510.1)
−361.4 (653.8)

29 273
22 083
22 083

1789.2 (703.3)
1564.0 (594.9)
−240.8 (643.6)

1.1 (6.5)
118.0 (6.1)
120.7 (7.0)

.86
⬍.001
⬍.001

19 517
14 246
14 246

38.8 (5.0)
29.8 (8.3)
−8.8 (8.5)

29 273
22 083
22 083

38.8 (5.0)
38.1 (7.2)
−0.6 (7.2)

0.01 (0.05)
8.3 (0.1)
8.2 (0.1)

.84
⬍.001
⬍.001

19 517
14 246
14 246

13.6 (2.6)
10.1 (3.3)
−3.4 (3.6)

29 273
22 083
22 083

13.6 (2.5)
13.2 (3.2)
−0.3 (3.2)

0.02 (0.02)
3.1 (0.04)
3.1 (0.04)

.41
⬍.001
⬍.001

19 517
14 246
14 246

44.5 (6.2)
52.7 (9.8)
8.2 (9.6)

29 273
22 083
22 083

44.5 (6.2)
44.7 (8.5)
0.2 (8.3)

0.02 (0.1)
−8.0 (0.1)
8.0 (0.1)

.73
⬍.001
⬍.001

19 517
14 246
14 246

14.4 (6.0)
16.9 (7.1)
2.2 (7.0)

29 273
22 083
22 083

14.4 (6.0)
14.4 (6.1)
−0.2 (5.9)

0.05 (0.1)
−2.5 (0.1)
2.4 (0.1)

.44
⬍.001
⬍.001

19 428
14 183
14 183

3.6 (1.8)
5.0 (2.4)
1.4 (2.3)

29 170
22 020
22 020

3.6 (1.8)
3.9 (2.0)
0.2 (1.9)

0.01 (0.02)
−1.2 (0.02)
−1.2 (0.02)

.67
⬍.001
⬍.001

19 428
14 183
14 183

4.7 (2.5)
4.1 (2.2)
−0.7 (2.7)

29 170
22 020
22 020

4.8 (2.5)
3.8 (2.0)
−1.1 (2.5)

0.02 (0.02)
−0.4 (0.02)
−0.4 (0.03)

.45
⬍.001
⬍.001

19 428
14 183
14 183

1.1 (0.8)
1.2 (0.8)
0.1 (0.9)

29 170
22 020
22 020

1.1 (0.8)
1.0 (0.7)
−0.1 (0.8)

0.002 (0.01)
−0.2 (0.01)
−0.2 (0.01)

.88
⬍.001
⬍.001

Non–whole grains, servings/d
Baseline
Follow-up
Change

19 428
14 183
14 183

3.6 (2.1)
2.9 (1.7)
−0.7 (2.2)

29 170
22 020
22 020

3.6 (2.1)
2.7 (1.6)
−0.9 (2.0)

0.02 (0.02)
−0.17 (0.02)
−0.2 (0.02)

.33
⬍.001
⬍.001

Physical activity, METs/wk
Baseline
Year 1
Change

17 507
9962
9962

10.0 (11.7)
11.4 (12.8)
1.1 (10.4)

26 254
14 822
14 822

10.1 (12.0)
11.1 (12.7)
0.9 (10.5)

0.1 (0.1)
−0.3 (0.2)
−0.2 (0.1)

.44
.13
.07

Total energy, kcal
Baseline
Follow-up
Change
Energy from fat, %
Baseline
Follow-up
Change
Energy from saturated fat, %
Baseline
Follow-up
Change
Energy from carbohydrates, %
Baseline
Follow-up
Change
Fiber, g
Baseline
Follow-up
Change
Fruits and vegetables, servings/d
Baseline
Follow-up
Change
Grains, servings/d
Baseline
Follow-up
Change
Whole grains, servings/d
Baseline
Follow-up
Change

Abbreviation: MET, metabolic equivalents.
*Change = follow-up − baseline. Follow-up values were computed from food frequency questionnaires (FFQs) taken between years 5 and 7. Completion rates for FFQs for years 5
through 7 were 86.8%, 86.6%, and 70.5%, respectively.
†P values are from 2-sample t tests.
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control groups were similar across
BMI groups (FIGURE 4).
In comparing quintiles of change in
percentage of energy intake from fat at
follow-up compared with baseline for
the participants, a clear relationship was
observed between a change in percentage of fat and weight change in the intervention and control groups; those
women with the greatest reduction in
fat intake had the largest weight loss
(FIGURE 5) (P for trend ⬍.001 in both
the intervention and control groups in
models with and without adjustment for
baseline energy intake). Those in the
fifth quintile, who had at least a 3% increase in fat intake, showed an average weight gain.
Similar analyses for changes in intake of vegetables and fruits showed a
trend in both groups for more weight
loss with increasing servings of vegetables and fruits, except for the first
quintile of individuals, who had reduced vegetable and fruit servings (P for
trend = .005 and .02 for intervention;

P=.02 and .03 for control for both models, respectively). A similar analysis for
change in fiber intake showed a significant trend for increasing weight loss in
the intervention group with increasing
fiber (P = .002 and .10, respectively),
which was not demonstrated in the control group (P = .24 and .52, respectively). Analyses examining weight
change with changing percentage of energy from carbohydrates showed a trend
toward decreasing weight in those with
the greatest percentage of increases in
carbohydrate intake (P⬍.001 for both
intervention and control groups); no significant trends were observed with
changes in protein intake for intervention women; however, there was a statistically significant trend for control
women (P⬍.001).
In a multivariate model that included age, BMI, race and ethnicity, and
changes from baseline to follow-up in
percentage of energy from fat, vegetables and fruits, and fiber, weightchange differences between the inter-

vention and control groups were
significant (P = .001) and were significantly related to reduction in percentage of energy as fat (P⬍.001)
and increased total fiber intake
(P=.001) (TABLE 4). Results from the
multivariate modeling using the inverse selection probability weighted
method to address the issue of missing data yielded slight differences at the
fourth decimal place for a few parameter estimates and P values.
Data on change in physical activity
data were available for approximately
one third of the participants. When
change in physical activity was included in the multivariate model,
weight-change differences between the
intervention and control groups during the study period remained significant (P =.001). We examined changes
over time in waist circumference, and
slight increases occurred in both the intervention group and the control group
(Table 3); waist increases were less in
the intervention group (P =.04).

Figure 2. Change in Body Weight by Group and Ethnicity
Black/African American

Overall

Hispanic/Latina

4

Mean Difference, kg

3
2
1
0
–1
Control
Intervention

–2
–3
–4
0

1‡

2‡

3‡

4‡

5‡

6‡

7‡

8‡

9†

0

1‡

2

3

4

5

6

7

8

9

0

1

2†

American Indian/Alaskan Native

Asian/Pacific Islander

3

4

5∗

6

7

8

9

7‡

8‡

9†

Non-Hispanic White

4

Mean Difference, kg

3
2
1
0
–1
–2
–3
–4
0

1

2

3

4

5

6

7

8

9

0

1‡

Years of Intervention

2

3‡

4∗

5

6∗

Years of Intervention

7

8

9

0

1‡

2‡

3‡

4‡

5‡

6‡

Years of Intervention

Error bars indicate 95% confidence intervals.
*Pⱕ.05 and ⬎.01 for control group minus intervention group difference.
†Pⱕ.01 and ⬎.001 for control group minus intervention group difference.
‡Pⱕ.001 for control group minus intervention group difference.
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Analyses that excluded women
who had a malignancy at baseline
(n= 2139) or developed a malignancy

during the study (n= 4258) did not
substantially alter the pattern of
weight change (data not shown).

Finally, analyses were conducted in
individuals who reported diabetes at
baseline (n= 2948), and the same

Table 3. Anthropometric Measures by Race/Ethnicity*
Intervention
No.

Mean (SD)

Intervention

Control
No.

Difference
(SE)

Mean (SD)

P
Value

No.

Control

Mean (SD)

Mean (SD)

Difference
(SE)

P
Value

Black/African American

Non-Hispanic White
Weight, kg
Baseline

No.

15 855

76.1 (16.1) 23 868

76.1 (15.9)

−0.03 (0.2)

⬎.99

2136

85.2 (18.1)

3129

85.1 (18.4)

−0.2 (0.5)

.66

Follow-up

13 400

74.8 (16.5) 20 650

75.4 (16.4)

0.6 (0.2)

⬍.001

1697

85.0 (19.3)

2523

85.0 (18.7)

−0.1 (0.6)

.91

Change

13 400

−1.0 (10.0) 20 650

−0.2 (10.1)

0.8 (0.1)

⬍.001

1697

0.2 (11.3)

2523

0.2 (11.2)

0.1 (0.4)

.85

BMI
Baseline

15 805

28.8 (5.7)

23 782

28.8 (5.7)

0.01 (0.1)

.78

2124

32.1 (6.4)

3118

32.0 (6.5)

−0.1 (0.2)

.70

Follow-up

13 350

28.6 (5.9)

20 564

28.8 (5.7)

0.2 (0.1)

⬍.001

1684

32.2 (6.7)

2507

32.3 (6.7)

0.03 (0.2)

.77

Change

13 350 −0.01 (3.2)

20 564

0.3 (3.1)

0.3 (0.03)

⬍.001

1684

0.2 (3.4)

2507

0.4 (3.3)

0.2 (0.1)

.12

Waist circumference, cm
Baseline

88.6 (13.8) 23 823

88.7 (13.6)

0.1 (0.1)

.38

2130

93.6 (13.8)

3121

93.5 (13.7)

−0.1 (0.4)

.93

Follow-up

15 830
4541

89.7 (14.4)

7045

90.2 (14.1)

0.5 (0.3)

.03

879

94.4 (14.1)

1261

94.7 (14.4)

0.3 (0.6)

.65

Change

4541

1.6 (8.6)

7045

1.9 (8.8)

0.3 (0.2)

.06

879

1.5 (9.9)

1261

2.0 (9.4)

0.5 (0.4)

.27

WHR
Baseline

15 824

0.82 (0.1)

23 812

0.82 (0.1)

0 (0.001)

.53

2128

0.83 (0.1)

3117

0.82 (0.1)

−0.002 (0.002)

.51

Follow-up

4519

0.83 (0.1)

7022

0.83 (0.1)

0.001 (0.002)

.44

873

0.84 (0.1)

1257

0.84 (0.1)

−0.003 (0.004)

.35

Change

4519

0.02 (0.1)

7022

0.02 (0.1)

0.001 (0.002)

.48

873

0.02 (0.1)

1257

0.02 (0.1)

−0.0002 (0.003)

.96

Hispanic/Latina
Weight, kg
Baseline

American Indian/Alaskan Native

754

75.2 (16.0)

1099

73.6 (15.2)

−1.5 (0.7)

.04

87

77.8 (14.4)

115

80.8 (16.9)

2.9 (2.3)

.23

Follow-up

560

75.4 (16.6)

870

73.4 (15.0)

−2.0 (0.8)

.03

66

75.5 (14.4)

88

84.0 (16.9)

8.5 (2.6)

⬍.001

Change

560

0.2 (9.8)

870

0.5 (8.9)

0.3 (0.5)

.57

66 −0.9 (5.4)

88

0.6 (8.4)

1.5 (1.2)

.19

Baseline

749

30.1 (5.7)

1094

29.6 (5.6)

−0.5 (0.3)

.08

87

29.9 (5.5)

115

30.7 (6.2)

0.8 (0.8)

.37

Follow-up

557

30.5 (6.1)

864

29.8 (5.5)

−0.7 (0.3)

.06

65

29.2 (5.3)

88

32.2 (6.2)

3.0 (1.0)

.002

Change

557

0.4 (2.8)

864

0.4 (2.9)

−0.001 (0.2)

⬎.99

65 −0.1 (2.1)

88

0.7 (3.4)

0.8 (0.5)

.09

BMI

Waist circumference, cm
Baseline

748

89.2 (13.3)

1097

88.3 (13.5)

−0.9 (0.6)

.11

87

92.5 (14.5)

115

94.6 (16.8)

2.1 (2.3)

.37

Follow-up

302

90.6 (12.6)

502

90.1 (12.4)

−0.5 (0.9)

.62

30

90.5 (11.3)

41

96.0 (15.8)

5.5 (3.4)

.13

Change

302

2.0 (7.5)

502

1.2 (9.7)

−0.7 (0.7)

.24

30

0.6 (7.6)

41

4.2 (7.5)

3.5 (1.8)

.06

WHR
Baseline

.25

747

0.82 (0.1)

1097

0.82 (0.1)

0.001 (0.004)

.81

87

0.84 (0.1)

115

0.86 (0.1)

0.02 (0.02)

Follow-up

300

0.84 (0.1)

500

0.84 (0.1)

−0.01 (0.01)

.17

30

0.83 (0.1)

41

0.85 (0.1)

0.02 (0.02)

.43

Change

300

0.02 (0.1)

500

0.01 (0.1)

−0.01 (0.01)

.01

30

0.01 (0.04)

41

0.02 (0.1)

0.002 (0.01)

.87

.36

Asian/Pacific Islander
Weight, kg
Baseline

Total

433

63.4 (13.2)

674

63.3 (14.3)

−0.1 (0.9)

.76

19 524

76.8 (16.6) 29 272

76.7 (16.5)

−0.1 (0.2)

Follow-up

380

63.0 (13.5)

609

62.9 (13.1)

−0.1 (0.9)

.99

16 297

75.7 (17.1) 25 056

76.1 (16.9)

0.4 (0.2)

.01

Change

380

−0.2 (8.6)

609

−0.4 (10.4)

−0.3 (0.6)

.67

16 297 −0.8 (10.1) 25 056 −0.1 (10.1)

0.7 (0.1)

⬍.001

Baseline

433

26.2 (4.9)

670

26.0 (4.9)

−0.2 (0.3)

.50

19 457

29.1 (5.9)

29 164

29.1 (5.9)

−0.03 (0.1)

Follow-up

380

26.1 (4.8)

605

26.1 (4.8)

−0.04 (0.3)

.94

16 230

29.0 (6.1)

24 943

29.2 (5.9)

0.2 (0.1)

⬍.001

Change

380

0.1 (2.8)

605

0.1 (2.9)

0.1 (0.2)

.67

16 230

0.03 (3.2)

24 943

0.3 (3.1)

0.3 (0.03)

⬍.001

BMI

Waist circumference, cm
Baseline

.57

431

81.5 (10.9)

673

81.0 (11.1)

−0.4 (0.7)

.51

19 485

89.0 (13.9) 29 216

89.0 (13.7)

0.003 (0.1)

.85

Follow-up

303

83.4 (12.3)

493

82.8 (11.9)

−0.6 (0.9)

.51

6154

90.1 (14.4)

9517

90.4 (14.2)

0.3 (0.2)

.12

Change

303

1.5 (5.9)

493

1.8 (6.1)

0.2 (0.4)

.58

6154

1.6 (8.6)

9517

1.9 (8.8)

0.3 (0.1)

.04

WHR
Baseline

431

0.82 (0.1)

673

0.82 (0.1)

−0.001 (0.004)

.82

19 475

0.82 (0.1)

29 200

0.82 (0.1)

0.0002 (0.001)

.67

Follow-up

303

0.84 (0.1)

492

0.84 (0.1)

−0.01 (0.01)

.31

6123

0.83 (0.1)

9487

0.83 (0.1)

−0.0003 (0.002)

.98

Change

303

0.01 (0.1)

492

0.01 (0.1)

−0.0002 (0.004)

.97

6123

0.02 (0.1)

9487

0.02 (0.1)

0.0003 (0.001)

.85

Abbreviations: BMI, body mass index, measured as weight in kilograms divided by height in meters squared; WHR, waist-hip ratio.
* Difference = control – intervention. Change = follow-up − baseline.
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Figure 3. Differences (From Baseline) in Body Weight by Group and Age at Screening
Age 50-59, y

Age 60-69, y

Age 70-79, y
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8

9

Years of Intervention

Error bars indicate 95% confidence intervals. Numbers at baseline for intervention and control were 50-59 years, 7206 and 10 797; 60-69 years, 9086 and 13 626;
70-79 years, 3249 and 4871.
*Pⱕ.05 and ⱖ.01 for control group minus intervention group difference.
†Pⱕ.01 and ⬎.001 for control group minus intervention group difference.
‡Pⱕ.001 for control group minus intervention group difference.

Figure 4. Differences (From Baseline) in Body Weight by Group and Body Mass Index (BMI) at Screening
Baseline BMI <25

Baseline BMI ≥30

Baseline BMI 25-29.9
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Mean Difference, kg
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Error bars indicate 95% confidence intervals. Numbers at baseline for intervention and control were BMI ⬍25, 5072 and 7585; BMI 25-29.9, 6940 and 10 446; and
BMI ⱖ30, 7442 and 11 126, respectively. BMI was calculated as weight in kilograms divided by height in meters squared.
*Pⱕ.05 and ⱖ.01 for control group minus intervention group difference.
†Pⱕ.01 and ⬎.001 for control group minus intervention group difference.
‡Pⱕ.001 for control group minus intervention group difference.

pattern of lower weight in the intervention group was observed (data
not shown).
COMMENT
The WHI Dietary Modification Trial provides a unique opportunity to evaluate
whether the adoption and maintenance of a lower-fat eating pattern that
incorporates higher carbohydrate intake in the form of vegetables, fruits, and
grains is associated with weight change,
particularly in the absence of any focus
on weight loss or total calorie reduction. Results show that after losing 2.2
kg in the first year, women in the intervention group maintained a modest
weight loss, compared with the control
46

group, during an average 7.5 years of follow-up and showed no increase from
their baseline weight at any point during the study. Weights in the intervention group were lower than those of the
control group, who followed their usual
eating pattern during the follow-up period, suggesting that a low-fat dietary
pattern may help attenuate the tendency for weight gain commonly observed in postmenopausal women.
Some modest weight loss was observed in all ethnic groups during the
initial years of the intervention; despite
attenuation of the differences in weight
between the intervention and control
groups as the study progressed, there
was no evidence of adverse effects on
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weight in the intervention women in any
ethnic group. The difference in magnitude of response among ethnic groups
is difficult to interpret, given that nonwhites are represented in much smaller
numbers and may not be representative of specific ethnic populations. Stratification by initial body weight showed
no differences in the effect of this dietary pattern among obese, overweight, or normal-weight women. Stratified analyses by age showed that the
weight of women in the intervention
group remained significantly lower than
the weight of women in the control
group in all age strata. In the control
group, the younger (50-59 years)
women tended to gain the most weight,

©2006 American Medical Association. All rights reserved.
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Figure 5. Mean Weight Change (Baseline to Follow-up) by Quintiles of Change in Nutrient Intake

Mean Weight Change, kg

Percent Energy From Fat∗
1.50
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0
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Change in Fiber, g

Error bars indicate 95% confidence intervals.
*P for trend in both groups ⬍.001; R2 = 0.007 for intervention group, 0.002 for control group.
†P for trend = .005 for intervention group, .02 for control group; R2 = 0.002 for intervention group, 0.0004 for control group.
‡P for trend = .002 for intervention group, .24 for control group; R2 = 0.002 for intervention group, 0.0002 for control group.

whereas older (70-79 years) women
tended to lose weight throughout the
course of the trial. Overall, the weight
gain in the control group during the 9
years was less than published trends,
probably because of the older age and
stable trial cohort.
Because the intervention involved a
combination of dietary changes, we
sought to determine which of these
might be related to the weight changes
and weight differences that were observed. Weight loss from baseline
through the follow-up period was greatest among women who had the greatest decrease in percentage of energy
from fat; the small number of women
who increased percentage of energy
from fat during the study showed
weight increases. Similarly, there was
a trend for greater weight loss in the participants who made the largest increase in their numbers of vegetable and
fruit servings consumed daily. A nonsignificant trend was observed toward
weight loss with increasing fiber intake. Although analyses were conducted on the whole study cohort, including individuals with chronic disease
at baseline or follow-up, removing those
with a diagnosis of malignancy from the
analysis did not significantly change the
results. We also performed analyses
separately in women who reported dia-

betes at baseline, and the patterns were
similar.
Recommendations from several national organizations have focused on
overall health benefits of dietary change
(eg, reduction in cardiovascular disease or cancer), rather than weight control, and have emphasized reducing
saturated and total fat and increasing
complex carbohydrate intake. Proponents of recent popular diet regimens 8-10 have suggested that these
dietary recommendations have contributed to the weight gain that has occurred in the United States during the
past 4 decades.
Overall, this large randomized trial
demonstrates that dietary recommendations for reducing fat and replacing
it with vegetables, fruits, and grains do
not increase body weight, which implies that guidelines that restrict fat intake and advocate increases in complex carbohydrates have not been a
contributing factor to the weight gain
that has been occurring in the United
States throughout the past several
decades.
Three additional studies support
weight-loss effects of ad libitum lowfat dietary intake. A study that included reduced fat intake in postmenopausal women after breast cancer
diagnosis showed similar results, with
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Table 4. Low-Fat Dietary Pattern and
Weight Change Over Time: Results From a
Multivariate-Adjusted Model
Average Rate
of Change
P
(SE)
Value
Age at screening, y
50-59
2.47 (0.07) ⬍.001
60-69
0.26 (0.06) ⬍.001
70-79
Reference
Race/ethnicity
White
Reference
Black
4.16 (0.21) ⬍.001
Hispanic
−2.59 (0.25) ⬍.001
American Indian
1.17 (0.61)
.05
Asian/Pacific Islander −5.39 (0.25) ⬍.001
Unknown
0.93 (0.38)
.02
Body mass index*
⬍25
−18.10 (0.08) ⬍.001
25-29.9
−6.83 (0.07) ⬍.001
30-34.9
4.63 (0.09) ⬍.001
ⱖ35
Reference
Energy from fat, %
0.08 (0.01) ⬍.001
(follow-up – baseline)
Fruits and vegetables,
0.06 (0.03)
.06
servings/d
(follow-up – baseline)
Fiber, g (follow-up –
−0.03 (0.01)
.001
baseline)
Visit year
0.08 (0.01) ⬍.001
Intervention vs control
−0.37 (0.11)
.001
*Measured as weight in kilograms divided by height in meters squared.

small losses in weight.29 In the Polyp
Prevention Trial, intervention-control
reductions in body weight were observed in men and women after 4 years
of a low-fat, high-fiber dietary intervention,30 and in the WHI Feasibility
Study, weight loss was observed after
6 months.17
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Most governmental and diseasespecific organizations11-13 now recommend a dietary pattern balanced in macronutrients, with fat between 20% and
35% of calories and total carbohydrates between 45% and 65% of energy intake as the optimum diet,
coupled with energy restrictions when
weight loss is indicated.23 Because this
trial was not designed to evaluate relative effectiveness of diet composition on
caloric reduction or weight loss or
maintenance, it cannot definitively establish an optimum fat intake, but
rather it provides evidence that restricting fat intake does not lead to weight
gain. Thus, it is likely that weight-loss
diets throughout a relatively wide range
of fat intake may be effective as long as
calorie intake is restricted.
The strengths of this study are its randomized design, long-term follow-up,
large numbers of participants, diversity of ethnicity and socioeconomic status, and high retention rates. An important limitation of these analyses is that
only postmenopausal women aged 50 to
79 years were studied; however, there
is no reason to assume that these findings cannot be extrapolated to younger
individuals and both sexes, although
studies in other groups are needed to
support any extrapolations. The exclusion of women reporting more than 32%
fat intake at baseline resulted in a truncated sample, with average fat intake in
the intervention group being reduced
from 39% at baseline to 25% at year 1
and 30% at years 5 through 7, and carbohydrate intake increasing to 57% and
53% at year 1 and years 5 through 7. Because trends showed that weight loss
correlated with fat reduction, it is likely
these data can be extrapolated to persons who achieve lower fat and higher
carbohydrate intake.
An important issue is that food intake was based on an FFQ; major limitations include bias caused by selfreport31 and the need to recall food intake
throughout a 3-month period. In addition, the database available for the analyses in this article did not allow the separation of carbohydrate intake into the
percentage of sugar or simple vs com48

plex carbohydrate. Finally, although data
were adjusted for energy intake, the FFQ
is not sufficiently reliable to allow evaluation of the potential effects of changes
in caloric intake; in addition, our validation study suggested that baseline percentage of energy from fat may be overestimated by 2% to 3% because of the use
of the FFQ in eligibility screening.20,32 An
ongoing nutrient biomarker study using doubly labeled water in a subset of
the women will allow calibration of energy consumption from the FFQ and
thus provide a reliable way to assess the
magnitude of differences between the
control and intervention groups.
In summary, the results of this longterm trial of diverse postmenopausal
women demonstrate that long-term recommendations to achieve a diet lower
in total and saturated fat with increased consumption of fruits, vegetables, and whole grains, and without
focus on weight loss, do not cause weight
gain. Long-term effects of this dietary
pattern on other health outcomes will
be available after confirmation of end
points and data analyses are completed, and long-term weight-loss studies designed to compare hypocaloric diets of varying macronutrient intake will
be needed to establish the relative merits of different weight-loss regimens.
Author Contributions: Dr Howard had full access to
all of the data in the study and takes responsibility for
the integrity of the data and the accuracy of the data
analysis.
Study concept and design: Howard, Manson, Stefanick,
Snetselaar, Tinker, Vitolins, Prentice.
Acquisition of data: Howard, Manson, Stefanick,
Beresford, Jones, Snetselaar, Thomson, Tinker, Prentice.
Analysis and interpretation of data: Howard, Manson,
Stefanick, Beresford, Frank, Rodabough, Snetselaar,
Prentice.
Drafting of the manuscript: Howard, Stefanick, Frank,
Thomson, Tinker, Vitolins.
Critical revision of the manuscript for important intellectual content: Howard, Manson, Stefanick,
Beresford, Jones, Rodabough, Snetselaar, Thomson,
Tinker, Prentice.
Statistical analysis: Frank, Rodabough, Prentice.
Obtained funding: Howard, Manson, Stefanick,
Beresford, Snetselaar, Prentice.
Administrative, technical, or material support: Manson,
Stefanick, Frank, Snetselaar, Thomson, Vitolins,
Prentice.
Study supervision: Howard, Manson, Beresford,
Thomson.
Financial Disclosures: Dr Howard has been a consultant for Merck, the Egg Nutrition Council, and General Mills; has received research support from Pfizer,
Merck, and Schering-Plough; and has lectured for
Schering-Plough. None of the other authors reported disclosures.

JAMA, January 4, 2006—Vol 295, No. 1 (Reprinted)

Downloaded From: https://jamanetwork.com/ on 09/24/2020

Funding/Support: Funding was provided by the National Heart, Lung, and Blood Institute, US Department of Health and Human Services. Although the
Women’s Health Initiative (WHI) hormone and calcium trials received study medications from pharmaceutical companies, the dietary trial received no outside nonfederal support.
Role of the Sponsor: The funding organization, the
National Heart, Lung, and Blood Institute, has representation on the steering committee, which governed the design and conduct of the study, the interpretation of the data, and preparation and approval
of the article. The National Heart, Lung, and Blood Institute Project Office reviewed the article.
Independent Statistical Analyses: All statistical analyses for the study were performed by statisticians at
the Fred Hutchinson Cancer Research Center, Division of Public Health Sciences, under the direction of
the principal investigator of the Coordinating Center, Ross Prentice, PhD.
List of WHI Investigators: Program Office: National
Heart, Lung, and Blood Institute, Bethesda, Md: Barbara Alving, Jacques Rossouw, and Linda Pottern.
Clinical Coordinating Center: Fred Hutchinson Cancer Research Center, Seattle, Wash: Ross Prentice, Garnet Anderson, Andrea LaCroix, Charles L. Kooperberg, Ruth E. Patterson, Anne McTiernan; Wake Forest
University School of Medicine, Winston-Salem, NC:
Sally Shumaker; Medical Research Laboratories, Highland Heights, Ky: Evan Stein; University of California at San Francisco: Steven Cummings.
Clinical Centers: Albert Einstein College of Medicine, Bronx, NY: Sylvia Wassertheil-Smoller; Baylor College of Medicine, Houston, Tex: Jennifer Hays; Brigham
and Women’s Hospital, Harvard Medical School, Boston, Mass: JoAnn Manson; Brown University, Providence, RI: Annlouise R. Assaf; Emory University, Atlanta, Ga: Lawrence Phillips; Fred Hutchinson Cancer
Research Center: Shirley Beresford; George Washington University Medical Center, Washington, DC: Judith Hsia; Harbor–UCLA Research and Education Institute, Torrance, Calif: Rowan Chlebowski; Kaiser
Permanente Center for Health Research, Portland, Ore:
Evelyn Whitlock; Kaiser Permanente Division of Research, Oakland, Calif: Bette Caan; Medical College
of Wisconsin, Milwaukee: Jane Morley Kotchen; MedStar Research Institute/Howard University, Washington, DC: Barbara V. Howard; Northwestern University, Chicago/Evanston, Ill: Linda Van Horn; RushPresbyterian–St Luke’s Medical Center, Chicago, Ill:
Henry Black; Stanford Prevention Research Center,
Stanford, Calif: Marcia L. Stefanick; State University
of New York at Stony Brook: Dorothy Lane; The Ohio
State University, Columbus: Rebecca Jackson; University of Alabama at Birmingham: Cora E. Lewis; University of Arizona, Tucson/Phoenix: Tamsen Bassford; University at Buffalo, Buffalo, NY: Jean
Wactawski-Wende; University of California at Davis,
Sacramento: John Robbins; University of California
at Irvine, Orange: Allan Hubbell; University of California at Los Angeles: Howard Judd; University of California at San Diego, LaJolla/Chula Vista: Robert D.
Langer; University of Cincinnati, Cincinnati, Ohio:
Margery Gass; University of Florida, Gainesville/
Jacksonville: Marian Limacher; University of Hawaii, Honolulu: David Curb; University of Iowa, Iowa
City/Davenport: Robert Wallace; University of Massachusetts/Fallon Clinic, Worcester: Judith Ockene;
University of Medicine and Dentistry of New Jersey,
Newark: Norman Lasser; University of Miami, Miami, Fla: Mary Jo O’Sullivan; University of Minnesota, Minneapolis: Karen Margolis; University of Nevada, Reno: Robert Brunner; University of North
Carolina, Chapel Hill: Gerardo Heiss; University of
Pittsburgh, Pittsburgh, Pa: Lewis Kuller; University of
Tennessee, Memphis: Karen C. Johnson; University
of Texas Health Science Center, San Antonio: Robert Brzyski; University of Wisconsin, Madison: Gloria

©2006 American Medical Association. All rights reserved.

LOW-FAT DIETARY PATTERN AND WEIGHT CHANGE
E. Sarto; Wake Forest University School of Medicine, Winston-Salem, NC: Denise Bonds; and Wayne
State University School of Medicine/Hutzel Hospital, Detroit, Mich: Susan Hendrix.
Acknowledgment: We would like to thank Rachel
Schaperow, MedStar Research Institute, for editorial
assistance.

REFERENCES
1. Flegal KM, Carroll MD, Ogden CL, Johnson CL.
Prevalence and trends in obesity among US adults,
1999-2000. JAMA. 2002;288:1723-1727.
2. National Center for Health Statistics. Health, United
States, 2004 (Table 69). Available at: http://www.cdc
.gov/nchs/hus.htm. Accessed October 10, 2005.
3. Freedman MR, King J, Kennedy E. Popular diets: a
scientific review. Obes Res. 2001;9(suppl):1S-7S.
4. Astrup A, Buemann B, Flint A, Raben A. Low-fat
diets and energy balance: how does the evidence stand
in 2002? Proc Nutr Soc. 2002;61:299-309.
5. Wadden TA, Butryn ML, Ryrne KJ. Efficacy of lifestyle modification for long-term weight control. Obes
Res. 2004;12(suppl):151S-162S.
6. Buchholz AC, Schoeller DA. Is a calorie a calorie?
Am J Clin Nutr. 2004;79(suppl):899S-906S.
7. Dansinger ML, Geeason JA, Griffith JL, Selker HP,
Schaefer EJ. Comparison of the Atkins, Ornish, Weight
Watchers, and Zone diets for weight loss and heart
disease risk reduction. JAMA. 2005;293:43-53.
8. Atkins R. Dr. Atkins’ New Diet Revolution. New
York, NY: Avon Books; 1998.
9. Steward HL, Bethea MC, Andrews S. Sugar Busters!
New York, NY: Ballantine; 1995.
10. Sears B. The Zone Diet: A Dietary Road Map. New
York, NY: HarperCollins; 1995.
11. Krauss RM, Eckel RH, Howard B, et al. AHA dietary guidelines, revision 2000: a statement for healthcare professionals from the Nutrition Committee of
the American Heart Association. Circulation. 2000;102:
2284-2299.

12. Franz MJ, Bantle JP, Beebe CA, et al. Evidencebased nutrition principles and recommendations for
the treatment and prevention of diabetes and related
complications. Diabetes Care. 2002;25:148-198.
13. Byers T, Nestle M, McTiernan A, et al. American
Cancer Society guidelines on nutrition and physical activity for cancer prevention: reducing the risk of cancer with healthy food choices and physical activity.
CA Cancer J Clin. 2002;52:92-119.
14. Foster G, Wyatt H, Hill J, et al. A randomized trial
of a low-carbohydrate diet for obesity. N Engl J Med.
2003;348:2082-2090.
15. Samaha F, Iqbal N, Seshadri P. A lowcarbohydrate as compared with a low-fat diet in severe obesity. N Engl J Med. 2003;348:2074-2081.
16. Brehm B, Seeley R, Daniels S, D’Alessio D. A randomized trial comparing a very low carbohydrate diet
and a calorie-restricted low-fat diet on body weight
and cardiovascular risk factors in healthy women. J Clin
Endocrinol Metab. 2003;88:1617-1623.
17. Hall WD, George V, Feng Z, et al. Low-fat diet:
effect on anthropometrics, blood pressure, glucose,
and insulin in older women. Ethn Dis. 2003;13:
337-343.
18. McManus K, Antinoro L, Sacks F. A randomized
controlled trial of a moderate-fat, low-energy diet compared with a low fat, low-energy diet for weight loss
in overweight adults. Int J Obes Relat Metab Disord.
2001;25:1503-1511.
19. The Women’s Health Initiative Study Group. Design of the Women’s Health Initiative clinical trial and
observational study. Control Clin Trials. 1998;19:61-109.
20. Ritenbaugh C, Patterson RE, Chlebowski RT, et al.
The Women’s Health Initiative Dietary Modification
trial: overview and baseline characteristics of
participants. Ann Epidemiol. 2003;13(9 suppl):S87S97.
21. Patterson RE, Kristal AR, Tinker LF, Carter RA, Bolton MP, Agurs-Collins T. Measurement characteristics of the Women’s Health Initiative food frequency
questionnaire. Ann Epidemiol. 1999;9:178-187.
22. Tinker LF, Burrows ER, Henry H, Patterson R, Rupp

©2006 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ on 09/24/2020

J, Van Horn L. The Women’s Health Initiative: overview of the nutrition components. In: Krummel D, KrisEtherton P, eds. Nutrition in Women’s Health. Gaithersburg, Md: ASPEN; 1996:510-542.
23. US Department of Agriculture. Dietary Guidelines for Americans. 3rd ed. Washington, DC: Dept
of Health and Human Services; 1990. Home and Garden Bulletin 232.
24. US Department of Agriculture. Dietary Guidelines for Americans. 4th ed. Washington, DC: Dept
of Health and Human Services; 1995. Home and Garden Bulletin 232.
25. Bowen D, Ehret C, Pedersen M, et al. Results of
an adjunct dietary intervention program in the Women’s Health Initiative. J Am Diet Assoc. 2002;102:16311637.
26. Zeger SL, Liang KY. Longitudinal data analysis for
discrete and continuous outcomes. Biometrics. 1986;
42:121-130.
27. Liang K-Y, Zeger SL. Longitudinal data analysis
using generalized linear models. Biometrika. 1986;73:
13-22.
28. Robins JM, Rotnitzky A, Zhoa LP. Estimation of
regression coefficients when some regressors are not
always observed. J Am Stat Assoc. 1994;89:846-866.
29. Thomson CA, Rock CL, Giuliano AR, et al. Women’s Healthy Eating & Living Study Group. Longitudinal changes in body weight and body composition
among women previously treated for breast cancer
consuming a high-vegetable, fruit and fiber, low-fat
diet. Eur J Nutr. 2005;44:18-25.
30. Schatzkin A, Lanza E, Corle D, et al. Lack of effect
of a low-fat, high-fiber diet on the recurrence of colorectal adenomas. N Engl J Med. 2000;342:1149-1155.
31. Subar AF, Kipnis V, Troiano RP, et al. Using intake
of biomarkers to evaluate the extent of dietary misreporting in a large sample of adults: the OPEN Study.
Am J Epidemiol. 2003;158:1-13.
32. Wang C-Y, Anderson GL, Prentice RL. Estimation of the correlation between nutrient intake measures under restricted sampling. Biometrics. 1999;55:
711-717.

(Reprinted) JAMA, January 4, 2006—Vol 295, No. 1 49

