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C

LINICAL TRIALS AND OBSERVAtional studies have identified
strong associations between
low-density lipoprotein cholesterol (LDL-C) level and other cardiovascular disease (CVD) risk factors and
dietary intake of fats, particularly

See also pp 629, 643, and 693.

Context Multiple epidemiologic studies and some trials have linked diet with cardiovascular disease (CVD) prevention, but long-term intervention data are needed.
Objective To test the hypothesis that a dietary intervention, intended to be low in
fat and high in vegetables, fruits, and grains to reduce cancer, would reduce CVD risk.
Design, Setting, and Participants Randomized controlled trial of 48 835 postmenopausal women aged 50 to 79 years, of diverse backgrounds and ethnicities, who
participated in the Women’s Health Initiative Dietary Modification Trial. Women were
randomly assigned to an intervention (19 541 [40%]) or comparison group (29 294
[60%]) in a free-living setting. Study enrollment occurred between 1993 and 1998 in
40 US clinical centers; mean follow-up in this analysis was 8.1 years.
Intervention Intensive behavior modification in group and individual sessions designed to reduce total fat intake to 20% of calories and increase intakes of vegetables/
fruits to 5 servings/d and grains to at least 6 servings/d. The comparison group received
diet-related education materials.
Main Outcome Measures Fatal and nonfatal coronary heart disease (CHD), fatal
and nonfatal stroke, and CVD (composite of CHD and stroke).
Results By year 6, mean fat intake decreased by 8.2% of energy intake in the intervention vs the comparison group, with small decreases in saturated (2.9%), monounsaturated (3.3%), and polyunsaturated (1.5%) fat; increases occurred in intakes of vegetables/fruits (1.1 servings/d) and grains (0.5 serving/d). Low-density lipoprotein cholesterol
levels, diastolic blood pressure, and factor VIIc levels were significantly reduced by 3.55
mg/dL, 0.31 mm Hg, and 4.29%, respectively; levels of high-density lipoprotein cholesterol, triglycerides, glucose, and insulin did not significantly differ in the intervention
vs comparison groups. The numbers who developed CHD, stroke, and CVD (annualized incidence rates) were 1000 (0.63%), 434 (0.28%), and 1357 (0.86%) in the intervention and 1549 (0.65%), 642 (0.27%), and 2088 (0.88%) in the comparison group.
The diet had no significant effects on incidence of CHD (hazard ratio [HR], 0.97; 95%
confidence interval [CI], 0.90-1.06), stroke (HR, 1.02; 95% CI, 0.90-1.15), or CVD (HR,
0.98; 95% CI, 0.92-1.05). Excluding participants with baseline CVD (3.4%), the HRs
(95% CIs) for CHD and stroke were 0.94 (0.86-1.02) and 1.02 (0.90-1.17), respectively. Trends toward greater reductions in CHD risk were observed in those with lower
intakes of saturated fat or trans fat or higher intakes of vegetables/fruits.
Conclusions Over a mean of 8.1 years, a dietary intervention that reduced total fat
intake and increased intakes of vegetables, fruits, and grains did not significantly reduce the risk of CHD, stroke, or CVD in postmenopausal women and achieved only
modest effects on CVD risk factors, suggesting that more focused diet and lifestyle
interventions may be needed to improve risk factors and reduce CVD risk.
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saturated and trans fats, cholesterol,
plant products, and grains or fiber. Epidemiologic studies have demonstrated
that diets low in saturated fat and cholesterol are associated with lower rates
of CVD and have implicated several nutrients as determinants of CVD risk.1-6
Replacing saturated fat with polyunsaturated fat reduced cardiovascular events
in some early trials.7-9 In more recent secondary prevention trials, a Mediterranean-type dietary pattern10,11 or a very
low-fat eating pattern12 prevented recurrent events, and meta-analyses13,14 of
recent trials of lipid-lowering drugs have
documented a strong relationship between changes in LDL-C level and decreased incidence of coronary heart disease (CHD).
Whether a single “healthy” diet could
result in decreased risks of cancer and
CVD has not been previously evaluated. The primary aim of the Women’s Health Initiative (WHI) Dietary

Modification Trial was to test whether
behavioral intervention intended to produce a dietary pattern low in total fat,
along with increased intakes of vegetables, fruits, and grains, would decrease the incidence of breast and colorectal cancer in postmenopausal
women.15 A secondary aim was to test
whether such a dietary intervention,
which did not focus on the intake of
specific fats, would also reduce the risk
of CVD. This report compares incidence of CHD and CVD among postmenopausal women randomly assigned to either the dietary modification
intervention or usual-diet comparison
group during a mean of 8.1 years of follow-up.
METHODS
Recruitment and Dietary
Intervention

Details of the study design and methods have been published.16,17 All women

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 3/31/2005
17 674 Alive and Outcomes Data
Submitted in Last 18 mo
663 Withdrew
254 Lost to Follow-up
950 Deceased

Status on 3/31/2005
26 677 Alive and Outcomes Data
Submitted in Last 18 mo
890 Withdrew
273 Lost to Follow-up
1454 Deceased

19 541 Included in Primary Analyses

29 294 Included in Primary Analyses

*Categories are presented for which exclusions are known. More than 1 reason could be given for exclusion.
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provided written informed consent, and
the study was approved by the local institutional review boards as well as by
the Coordinating Center institutional
review board and the National Institutes of Health. Briefly, 48 835 women
between the ages of 50 and 79 years
were enrolled between 1993 and 1998
at 40 US clinical centers and were randomly assigned to an intervention
group (40%, n = 19 541) or a usualdiet comparison group (n = 29 294)
(FIGURE 1) using a randomized permuted block algorithm with blocks of
size 5, 10, or 15, stratified by clinical
center site and age group. Race/
ethnicity was classified by self-report,
using options outlined on the personal data form completed by all participants at baseline.
Eligibility criteria included being
postmenopausal and consuming at
baseline a diet with fat intake of 32%
or more of total calories, as assessed by
a food frequency questionnaire (FFQ).
Major exclusions for WHI included
prior breast or colorectal cancer, other
cancers except nonmelanoma skin cancer in the last 10 years, medical conditions with predicted survival less than
3 years, and adherence concerns such
as alcoholism. Additional trialspecific exclusions included type 1 diabetes and frequent consumption of
meals prepared away from home.
The intervention was designed to
promote dietary change with the goals
of reducing intake of total fat to 20%
of energy intake (in kilocalories) by increasing intake of vegetables and fruits
to at least 5 servings daily and of grains
to at least 6 servings daily. The intervention did not include total energy reduction or weight loss goals. Although not a separate focus of the
intervention, it was presumed that by
reducing total fat intake to 20% kcal,
intake of saturated fat would also be reduced (7% energy intake).
The intensive behavioral modification program involved 18 group sessions in the first year and quarterly
maintenance sessions thereafter, led by
specially trained and certified nutritionists. Each participant was as-
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signed her own fat-gram goal, calculated on the basis of height. Participants
self-monitored total fat-gram intake and
also servings of vegetables, fruits, and
grains. No formal intervention regarding saturated fat, cholesterol, trans fatty
acids, or other known atherogenic
factors was provided. Details of
the dietary intervention have been
published.16-18
Group activities were supplemented during the intervention period by individual interviews that used
validated reflective listening techniques, 1 9 targeted-message campaigns, and personalized feedback on
fat intake. Individual contacts were
completed by telephone or mail.
Women in the comparison group received a copy of the Dietary Guidelines
for Americans,20 as well as other healthrelated materials, but had no contact
with the nutrition interventionists.
All participants were also invited to
participate concurrently in one of the
other WHI controlled trials of hormone therapy (HT) (estrogen alone or
with progestin).21 Participation in a trial
of calcium and vitamin D supplementation (CaD) was offered after 1 year.22
In total, 20 592 (42.2%) joined only the
Dietary Modification Trial, 8050 (16.5%)
the Dietary Modification plus HT Trial,
25 210 (51.6%) the Dietary Modification plus CaD Trial, and 5017 (10.3%)
all 3 trials. Details of the HT and CaD
trials have been published.15,21,22,24
Based on the intent-to-treat criteria,
participants were followed up from the
date of entry until death, loss to followup, time of a request for no further contact, or until the trial’s planned completion date, regardless of their adherence
to the dietary intervention. All participants were contacted by clinic staff at
6-month intervals to provide information on health outcomes. Height,
weight, waist circumference, and blood
pressure were measured at annual visits using standardized procedures. Fasting blood samples were collected at
baseline and at year 1 from all participants and from a 5.8% (n = 2816) subsample of women at years 3 and 6. The
subsample was randomly chosen with

oversampling of minority women in
which the odds for selection were 6-fold
higher than for white women. Physical activity was assessed at baseline and
at years 1, 3, 6, and 9; questions assessed walking and participation in
sports, and hours of activity per week
were calculated for each participant.
Physical activity was expressed as metabolic equivalent tasks per week for the
analysis.
All participants completed an FFQ
designed specifically for the study23 at
baseline and 1 year. Thereafter, one
third of the participants completed the
FFQ each year in a rotating sample;
completion rates were 100% at baseline and 81% thereafter. Data on follow-up dietary intake were computed
from FFQs administered from years 5
through 7 (designated as year 6 followup), thus including all participants.
Four-day food records were provided
by all women prior to randomization.

those occurring during surgery were included if they met established criteria.
Silent MI was diagnosed by comparing baseline and follow-up ECGs at 3,
6, and 9 years after randomization.
Coronary heart disease death was defined as death consistent with CHD as
the underlying cause plus 1 or more of
the following: preterminal hospitalization with MI within 28 days of death;
previous angina or MI and no potentially lethal noncoronary disease process; death resulting from a procedure
related to coronary artery disease; or
death certificate consistent with CHD
as the underlying cause. Stroke diagnosis was based on the rapid onset of
a neurologic deficit lasting more than
24 hours or until death, requiring hospitalization and supported by imaging
studies when available. Coronary revascularization procedures were validated by medical record review.

Outcome Ascertainment

Adherence assumptions included 13%
lower percentage energy intake from fat
in the intervention compared with the
comparison group 1 year after randomization, diminishing to an 11% energy
difference at 9 years. These assumptions led to a projected 14% lower CHD
incidence in the intervention vs the
comparison group. However, the
achieved difference in percentage energy from fat was only about 70% of design assumptions. This reduction, along
with a comparison group incidence rate
that is about two thirds of the design
rate, leads to a projected power of only
approximately 40% over the 8.1-year
follow-up period, under other design
assumptions.
All primary analyses were based on
the intent-to-treat principle and used
time-to-event methods, defined to be
the number of days from randomization to the first postrandomization diagnosis. For silent MIs, the date of the
follow-up ECG applied. A woman with
self-report but without the diagnosis
was censored for that event at the time
of her last follow-up contact.
Primary outcome comparisons are
presented as hazard ratios (HRs) and

Methods for ascertaining and classifying outcomes have been published previously.24-26 Electrocardiograms (ECGs)
were digitally acquired every 3 years
and analyzed by a core laboratory.
Women completed a medical update
questionnaire every 6 months; medical records for all overnight hospitalizations and outpatient coronary revascularization procedures were reviewed
by central physician adjudicators (for
CHD death) or trained local adjudicators (for all other coronary end points),
all blinded to treatment assignment. For
this analysis, major CHD, the outcome variable that was designated in the
trial design, was defined as acute myocardial infarction (MI) requiring overnight hospitalization or silent MI determined from serial ECGs or CHD
death; composite CHD was defined to
include MI, CHD death, and coronary
revascularization. Cardiovascular disease includes composite CHD and ischemic and hemorrhagic stroke.
The diagnosis of acute MI was established according to an algorithm that
included cardiac pain, enzyme levels,
and ECG readings. Aborted MIs and
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Table 1. Baseline Characteristics of the Dietary Modification Trial Participants (N = 48 835)
No. (%)
Intervention
(n = 19 541)

Characteristic
Age group at screening, y
50-59
60-69
70-79
Mean (SD)
Race/ethnicity
White
Black
Hispanic
American Indian/Alaskan Native
Asian/Pacific Islander
Unknown
Annual family income, $
#10 000
10 000-19 999
20 000-34 999
35 000-49 999
50 000-74 999
$75 000
Body mass index*
#25
25-#30
$30
First-degree relative with premature MI
No
Yes
Postmenopausal hormone therapy, y
Estrogen alone
None
#5
$5
Estrogen plus progestin
None
#5
$5
Smoking
Never or past
Current
Hypertension (treated or BP $140/90 mm Hg)
No
Yes
History of hypercholesterolemia requiring medication
No
Yes
Treated for diabetes (pills or injections)
No
Yes
History of cardiovascular disease
MI
Stroke
CABG surgery or PCI
Aspirin use ($80 mg/d)
No
Yes
The metabolic syndrome†
No
Yes

Comparison
(n = 29 294)

P
Value

7206 (36.9)
9086 (46.5)
3249 (16.6)
62.3 (6.9)

10 797 (36.9)
13 626 (46.5)
4871 (16.6)
62.3 (6.9)

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

683 (3.7)
2091 (11.4)
4501 (24.5)
3954 (21.5)
3887 (21.1)
3293 (17.9)

1100 (4.0)
3203 (11.6)
6814 (24.7)
5868 (21.3)
5662 (20.5)
4948 (17.9)

.40

5072 (26.1)
6940 (35.7)
7442 (38.3)

7585 (26.0)
10 446 (35.8)
11 126 (38.2)

.94

14 064 (81.3)
3239 (18.7)

21 079 (81.2)
4887 (18.8)

.79

12 262 (62.8)
2711 (13.9)
4568 (23.4)

18 452 (63.0)
3933 (13.4)
6909 (23.6)

.36

14 196 (72.7)
2768 (14.2)
2576 (13.2)

21 299 (72.7)
4114 (14.0)
3881 (13.3)

.92

18 039 (93.4)
1273 (6.6)

27 009 (93.2)
1977 (6.8)

.33

10 315 (57.5)
7617 (42.5)

15 271 (56.8)
11 596 (43.2)

.15

15 231 (88.2)
2034 (11.8)

22 761 (87.9)
3138 (12.1)

.29

18 673 (95.6)
866 (4.4)

27 955 (95.4)
1336 (4.6)

363 (1.9)
205 (1.0)
241 (1.2)

548 (1.9)
328 (1.1)
321 (1.1)

".99
.99

.50

.92
.46
.17

16 149 (82.7)
3391 (17.4)

23 980 (81.9)
5314 (18.1)

.03

679 (64.4)
393 (35.6)

1056 (64.0)
608 (36.0)

.94

Abbreviations: BP, blood pressure; CABG, coronary artery bypass graft; MI, myocardial infarction; PCI, percutaneous
coronary intervention.
*Calculated as weight in kilograms divided by the square of height in meters.
†Defined retrospectively by Adult Treatment Panel III criteria and determined on a 5.8% subsample.
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95% confidence intervals (CIs) from
Cox proportional hazard analyses,
stratified by age at screening, prevalent disease, and randomization status
in the hormone trials. Assumptions of
proportionality were met and tested by
testing for a treatment by time-toevent interaction. Outcomes were also
evaluated after exclusion of women
with CVD at baseline (n=1656 [3.4%]).
No time-dependent variables were included in the analyses.
Changes in individual LDL-C levels
in the 5.8% subsample were compared with those predicted using the
equation of Mensink and Katan27:
!LDL-C=1.28(!sat)
−0.24(!mono)
−0.55(!poly)
where sat indicates saturated fat; mono,
monounsaturated fat; and poly, polyunsaturated fat.
Secondary analyses compared event
rates in the intervention and comparison groups in women stratified by baseline characteristics (eg, ethnicity, age,
and body mass index [BMI]), as well as
other health characteristics known to influence CVD. For the analysis of baseline percentage energy from fat, data
from baseline 4-day food records of those
women who developed CHD were also
used as described previously.28
The possibility of important subgroup effects was explored by testing
for interactions in expanded Cox models. Twenty-seven subgroups were
tested; thus, at least 1 would be expected to be significant by chance alone
at the .05 level of significance.
Secondary analyses were also conducted, using Cox models, examining
the relationship in the intervention
group between CHD events after year
1 and quartiles of specific nutrient intakes at year 1 (ie, percentage energy
from intakes of fat, vegetables and fruits,
and grains). Other dietary components not specific to the intervention
but believed to influence CVD were
similarly assessed, including saturated fats, trans fatty acids, cholesterol, fiber, and the ratio of polyunsaturated to saturated fat. The analysis
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provided adjustment for energy intake, for known correlates of trial adherence, and for characteristics known
to influence CVD risk; the CVD rate in
the comparison group was used as the
reference. All analyses were performed using SAS version 9.1 (SAS Institute Inc, Cary, NC).
RESULTS
Baseline Characteristics

The mean (SD) age of the 48 835 participants was 62.3 (6.9) years. Demographic characteristics, medical history, and behavioral characteristics of the
study population have been described
in detail16 and appear in TABLE 1 by intervention group. The cohort was ethnically diverse (18.6% minority) and in-

cluded a range of education and income
levels; 3.4% reported a history of CVD.
No significant differences were found between the randomization groups for any
of the measures presented in Table 1 and
TABLE 2, except for a 0.4-mm Hg difference in systolic blood pressure and a
0.7% difference in use of aspirin. The
women in this trial reflect the characteristics of the general population of
women of this age throughout the
United States, except that they had somewhat higher obesity measures, income,
and education and lower rates of smoking.16 Baseline levels of lipids and other
biomarkers measured in a 5.8% sample
were similar between the 2 groups, except that high-density lipoprotein cholesterol (HDL-C) level in the compari-

son group was 1.7 mg/dL (0.04 mmol/L)
lower (Table 2).
TABLE 3 presents overall baseline and
follow-up nutrient data for both groups
based on the FFQ. No meaningful
changes were seen in any of the dietary
factors in the comparison group. Compared with the comparison group, the
intervention group reported significant
changes in all dietary components, resulting in year 6 in an 8.2% lower mean total
fat intake (P#.001) and a 2.9% lower
mean saturated fat intake (P#.001), as
well as reduced intakes of trans, monounsaturated, and polyunsaturated fat and
cholesterol (but no change in ratio of
polyunsaturated to saturated fat) and
increased intakes of fiber, vegetables and
fruits, total and whole grains, and soy.

Table 2. Differences Between the Mean Changes in Cardiovascular Disease Risk Factors From Baseline to Year 3 in the Intervention vs the
Comparison Group
Baseline, Mean (SD)
Risk Factor

Year 3, Mean (SD)

Change at Year 3
Intervention,
Mean (SD)

Comparison,
Mean (SD)

Difference,
Mean (95% CI)

Clinical Values
75.7 (17.1)
76.7 (16.8)

−0.7 (9.0)

0.6 (9.2)

−1.29 (−1.47 to −1.11)*

29.1 (5.9)
89.0 (13.7)

28.8 (6.0)
88.2 (13.9)

29.2 (5.9)
89.3 (14.1)

−0.2 (2.7)
−0.4 (7.3)

0.3 (2.7)
0.5 (7.7)

−0.49 (−0.54 to −0.44)*
−0.98 (−1.19 to −0.76)*

10.0 (11.7)

10.1 (12.0)

11.6 (13.0)

11.3 (12.8)

1.4 (11.7)

1.0 (11.4)

0.39 (0.16 to 0.63)*

127.5 (17.2)
75.9 (9.1)

127.9 (17.2)
76.0 (9.1)

125.1 (16.9)
73.1 (9.4)

125.7 (16.8)
73.6 (9.3)

−2.2 (16.3)
−2.6 (9.4)

−2.1 (16.4)
−2.3 (9.4)

−0.17 (−0.49 to 0.15)
−0.31 (−0.50 to −0.13)*

Intervention

Comparison

Weight, kg

76.8 (16.6)

76.7 (16.5)

Body mass index†
Waist circumference, cm

29.1 (5.9)
89.0 (13.9)

Physical activity, METs/wk
Blood pressure, mm Hg
Systolic
Diastolic

Intervention

Comparison

Laboratory Values
Cholesterol, mg/dL
Total‡
LDL-C‡
HDL-C‡

224.0 (36.5)
133.3 (35.3)
60.1 (16.1)

224.2 (39.2)
134.2 (35.1)
58.4 (15.4)

214.1 (35.3)
123.2 (33.1)
59.7 (15.8)

216.6 (35.9)
127.0 (34.0)
58.2 (15.5)

−10.2 (32.0)
−9.7 (29.3)
−0.7 (9.4)

−6.9 (31.9)
−6.2 (29.1)
−0.3 (10.2)

−3.26 (−6.53 to −0.00)§
−3.55 (−6.58 to −0.52)§
−0.43 (−1.42 to 0.57)

Total cholesterol–HDL-C ratio‡
Non–HDL-C‡
Triglycerides, mg/dL‡ !

4.0 (1.2)
163.9 (39.5)
138.6 (65.1)

4.1 (1.3)
165.8 (41.1)
141.1 (66.3)

3.8 (1.1)
154.3 (36.5)
142.3 (67.5)

4.0 (1.2)
158.4 (37.0)
144.6 (63.7)

−0.2 (0.8)
−9.7 (32.0)
1.0 (0.4)

−0.1 (1.0)
−6.6 (32.6)
1.0 (0.3)

−0.04 (−0.13 to 0.5)
−3.08 (−6.37 to 0.22)
0.00 (−0.03 to 0.04)

Lipoprotein(a), mg/dL‡ !
Glucose, mg/dL‡

15.7 (17.5)
100.4 (26.6)

15.4 (17.0)
100.0 (26.9)

13.2 (15.1)
98.8 (25.6)

13.8 (15.5)
99.5 (27.3)

0.9 (0.5)
−1.7 (19.9)

0.9 (0.5)
−0.7 (21.6)

−0.01 (−0.07 to 0.05)
−1.06 (−3.06 to 0.93)

Insulin, µIU/mL‡ !
HOMA insulin resistance‡ !

9.9 (4.9)
2.4 (1.4)

10.2 (5.3)
2.5 (1.6)

10.5 (5.3)
2.5 (1.5)

11.2 (5.9)
2.7 (1.7)

1.1 (0.5)
1.1 (0.5)

1.1 (0.5)
1.1 (0.6)

−0.03 (−0.07 to 0.02)
−0.04 (−0.09 to 0.01)

Total carotenoids, µg/mL‡
Factor VIIc, %‡

0.7 (0.4)
131.0 (33.3)

0.7 (0.4)
129.1 (29.0)

0.7 (0.4)
130.0 (35.7)

0.6 (0.4)
131.6 (32.7)

0.0 (0.3)
−1.9 (27.3)

−0.0 (0.3)
2.4 (28.7)

Fibrinogen, mg/dL‡

301.5 (59.3)

298.7 (61.7)

288.0 (58.1)

290.2 (60.0)

−11.1 (49.9)

−10.2 (54.0)

0.04 (0.01 to 0.07)§
−4.29 (−7.29 to −1.29)*
−0.97 (−6.41 to 4.47)

Abbreviations: CI, confidence interval; HDL-C, high-density lipoprotein cholesterol; HOMA, homeostasis model assessment; LDL-C, low-density lipoprotein cholesterol; METs,
metabolic equivalent tasks.
SI conversion factors: To convert total cholesterol, LDL-C, and HDL-C to mmol/L, multiply values by 0.0259; triglycerides to mmol/L, by 0.0113; lipoprotein(a) to µmol/L, by 0.0357;
glucose to mmol/L, by 0.0555; insulin to pmol/L, by 6.945; and fibrinogen to µmol/L, by 0.0294.
*Difference significant at P#.001 from a 2-sample test.
†Calculated as weight in kilograms divided by the square of height in meters.
‡Blood measures were performed on a 5.8% subsample at year 3. Means and SDs have been weighted by ethnicity using the ethnicity distribution of participants randomized to
the entire clinical trial. Tests for differences between the randomization groups are performed on the weighted means and SDs.
§Difference significant at P#.05 from a 2-sample test.
!Means shown are geometric means.
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Follow-up

At trial conclusion, 2404 women (4.9%)
were deceased, 1553 (3.2%) had
stopped follow-up, and 527 (1.1%) were
lost to follow-up. Five percent (4.7%)
of women in the intervention and 4.0%
in the comparison group withdrew,
were considered lost to follow-up, or
had stopped providing outcomes information for longer than 18 months
(Figure 1). Eleven percent (11.4%) of
women had terminated the intervention, as defined by neither attending
group sessions nor providing selfmonitoring information through phone
or individual visits for 18 months.
CVD Risk Factors

At year 3, women in the intervention
group compared with those in the comparison group showed small but significant decreases in body weight,29
waist circumference,29 diastolic blood

pressure, LDL-C level (3.55 mg/dL
[0.09 mmol/L]), and factor VIIc level
(Table 2). The dietary intervention had
no statistically significant effects on levels of triglycerides or HDL-C; ratio of
total cholesterol to HDL-C; levels of
non–HDL-C, lipoprotein(a), glucose, or
insulin; or insulin resistance as estimated by homeostasis model assessment30; in the latter 3 factors, there were
trends toward improvement. The observed absolute LDL-C change of 2.7
mg/dL (0.07 mmol/L) after 6 years was
similar to the 2.3-mg/dL (0.06mmol/L) change predicted using current equations based on differences in
fatty acid intakes.27 Carotenoid levels,
a reflection of increased vegetable consumption, were significantly higher.
CVD Outcomes

After a mean of 8.1 years of follow up,
the observed incidence rate for major

CHD (MI/CHD death, 3.6 per 1000 person-years) in the comparison group was
30% lower than projected in the design. No significant effects of the dietary intervention were observed for
major CHD (HR, 0.98; 95% CI, 0.881.09) or composite CHD (CHD/
revascularization; HR, 0.97; 95% CI,
0.90-1.06) vs the comparison group
(TABLE 4). The incidences of total, fatal, or nonfatal stroke were not influenced by the dietary intervention (HR,
1.02; 95% CI, 0.90-1.15), nor was a
composite measure of CVD (CHD/
revascularization/stroke; HR, 0.98;
95% CI, 0.92-1.05). The monitoring
plan for the Dietary Modification Trial
specified 2 primary outcomes (breast
and colorectal cancer) and 2 secondary outcomes (major CHD and death
from other causes). The 95% CI for major CHD, adjusted for these 4 outcomes using a Bonferroni correction,

Table 3. Baseline and Follow-up Nutrient Intakes*
Year 1, Mean (SD)
Baseline, Mean (SD)
Intervention
Total energy, kcal/d
Daily intakes,
% of energy
Total fat
Saturated fat
Monounsaturated
fat
Polyunsaturated
fat
P/S fat ratio
Total trans
fatty acid
Protein
Carbohydrate

Comparison

Intervention

Comparison

Year 6, Mean (SD)

Difference,
Mean (95% CI)†

Intervention

Comparison

Difference,
Mean (95% CI)†

1790.2 (710.1) 1789.4 (703.0) 1500.5 (544.2) 1593.8 (644.0) −93.4 (−104.8 to −81.9) 1431.8 (551.7) 1546.2 (639.5) −114.3 (−126.8 to −101.8)

37.8 (5.1)
12.7 (2.5)
14.4 (2.3)

37.8 (5.0)
12.7 (2.5)
14.4 (2.3)

24.3 (7.5)
8.1 (2.8)
8.9 (3.1)

35.1 (6.9)
11.8 (2.9)
13.3 (2.9)

−10.7 (10.9 to −10.6)
−3.7 (−3.7 to −3.6)
−4.4 (−4.5 to −4.4)

28.8 (8.4)
9.5 (3.2)
10.8 (3.5)

37.0 (7.3)
12.4 (3.1)
14.2 (3.1)

−8.2 (−8.3 to −8.0)
−2.9 (−3.0 to −2.8)
−3.3 (−3.4 to −3.3)

7.8 (2.0)

7.8 (2.0)

5.2 (1.8)

7.2 (2.1)

−2.0 (−2.0 to −2.0)

6.1 (2.1)

7.5 (2.1)

−1.5 (−1.5 to −1.4)

0.6 (0.2)
2.7 (1.1)

0.6 (0.2)
2.8 (1.1)

0.7 (0.2)
1.6 (0.8)

0.6 (0.2)
2.5 (1.1)

0.0 (0.0 to 0.0)
−0.8 (−0.9 to −0.8)

0.7 (0.2)
1.8 (0.9)

0.6 (0.2)
2.4 (1.1)

0.0 (0.0 to 0.0)
−0.6 (−0.6 to −0.6)

16.5 (3.0)
45.6 (6.3)

16.4 (3.0)
45.6 (6.2)

17.7 (3.1)
58.3 (8.9)

16.9 (3.2)
48.0 (8.0)

0.8 (0.8 to 0.9)
10.3 (10.2 to 10.5)

17.7 (3.4)
53.9 (9.9)

17.1 (3.3)
45.9 (8.8)

0.6 (0.5 to 0.6)
8.1 (7.9 to 8.3)

Dietary fiber, g/d

15.4 (6.4)

15.4 (6.4)

18.1 (7.5)

14.9 (6.5)

3.2 (3.0 to 3.3)

16.9 (7.5)

14.4 (6.4)

2.4 (2.3 to 2.6)

Soluble fiber, g/d

4.2 (1.7)

4.2 (1.8)

4.9 (2.0)

4.0 (1.8)

0.8 (0.8 to 0.9)

4.5 (2.0)

3.8 (1.7)

0.6 (0.6 to 0.7)

Dietary folate
equivalent, µg/d

259.2 (136.6)

259.3 (138.1)

398.5 (215.0)

346.1 (195.1)

52.4 (48.6 to 56.2)

469.1 (205.9)

422.5 (189.0)

46.6 (42.5 to 50.6)

Cholesterol, mg/d

260.5 (139.0)

260.0 (135.6)

172.4 (99.3)

229.8 (128.7) −57.5 (−59.7 to −55.3)

193.6 (118.7)

243.5 (143.2)

−49.9 (−52.7 to −47.2)

Intakes, servings/d
Vegetables and
fruits
Grains
Whole grains

3.6 (1.8)

3.6 (1.8)

5.1 (2.3)

3.9 (2.0)

1.2 (1.2 to 1.2)

4.9 (2.4)

3.8 (2.0)

1.1 (1.1 to 1.2)

4.7 (2.5)
1.1 (0.8)

4.8 (2.5)
1.1 (0.8)

5.1 (2.7)
1.4 (0.9)

4.2 (2.3)
1.1 (0.7)

0.8 (0.8 to 0.9)
0.3 (0.3 to 0.3)

4.3 (2.4)
1.2 (0.9)

3.8 (2.2)
1.0 (0.7)

0.5 (0.4 to 0.5)
0.2 (0.2 to 0.2)

Intakes, servings/wk
Soy‡
Nuts
Fish

0.1 (0.7)
1.5 (2.3)
1.9 (1.8)

0.1 (0.7)
1.5 (2.3)
1.9 (1.7)

0.2 (0.8)
0.5 (1.1)
1.9 (1.7)

0.2 (0.7)
1.3 (1.9)
1.8 (1.7)

0.0 (0.0 to 0.0)
−0.8 (−0.8 to −0.7)
0.1 (0.0 to 0.1)

0.3 (1.0)
1.0 (1.7)
2.0 (1.7)

0.2 (0.9)
1.8 (2.5)
2.0 (1.9)

0.0 (0.0 to 0.1)
−0.8 (−0.9 to −0.8)
0.0 (−0.1 to 0.0)

Abbreviations: CI, confidence interval; P/S, ratio of polyunsaturated fat to saturated fat.
*Nutrient intakes were available on 19 470 and 29 216 participants at baseline, and 18 058 and 26 743 at year 1 and 14 885 and 22 958 at year 6 in the intervention and comparison
groups, respectively. Data on servings of types of food was available on 19 470 and 29 216 participants at baseline, 18 057 and 26 743 at year 1, and 14 774 and 22 713 at year
6 in the intervention and comparison groups respectively.
†All differences significant at P#.001 from a 2-sample test except for soy at year 3 (P = .02), and fish at year 6 (P = .40).
‡No soy intake was reported by 87.0%, 84.9%, and 80.1% of participants at baseline, year 1, and year 6, respectively.
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was 0.86 to 1.12. After women with history of CVD at baseline were removed
(n=1656 [3.4%]), HRs (95% CIs) for
major CHD, composite CHD, stroke,
and total CVD were 0.93 (0.83-1.05),
0.94 (0.86-1.02), 1.02 (0.90-1.17), and
0.96 (0.89-1.03), respectively. The HR
for the 3.4% of women with CVD at
baseline was 1.26 (95% CI, 1.031.54). We considered the potential confounding effects of changing medication use during the trial by examining
use of statins, aspirin, and angiotensinconverting enzyme inhibitors at year 6.
All differences in medication use between groups were less than 1%.
In examining trends over time
(FIGURE 2), there was no apparent influence of the dietary intervention on
stroke at any point up to 9 years of follow-up. There appeared to be a slight,
nonsignificant trend toward decreased CHD rates in the intervention
group in the later years, and this was
more pronounced for women with no
CVD at baseline. Likewise, exploratory analyses of CHD outcomes in
groups stratified by race/ethnicity, age,
BMI, waist circumference, smoking,
statin use, diabetes, randomization to
the HT and CaD trials, and baseline fat

intake revealed no significant interactions between the intervention group
and any of these variables (FIGURE 3),
either in the group as a whole or if
women with baseline CVD were excluded. A significant interaction was observed between the intervention effect
and baseline disease (P=.006).
Additional Analyses

When the effect of the intervention
was assessed using adherence criteria
based on participation in intervention
activities,28 the HRs did not change.
Trends for changes in specific components of the diet were examined by
evaluating CHD risk in individuals
stratified by quartiles of achieved levels
of key nutrients at year 1, using the
rate in the comparison group as the
reference. Analyses were adjusted for
age, baseline CHD, and HT randomization group; full models included CVD
risk factors (age, BMI, hypertension,
high cholesterol level, smoking, diabetes, physical activity, and energy
expenditure) and correlates of adherence (ethnicity, education, income,
and psychosocial factors).
Compared with those in the entire
comparison group, a trend was ob-

served toward reduction of CHD risk
among those in the intervention group
who reached the lowest levels of saturated fat (HR, 0.81; 95% CI, 0.69-0.96
in the group that consumed #6.1% energy; P#.001 [adjusted HR, 0.82; 95%
CI, 0.67-0.99; P = .05]) and trans fat
(HR, 0.81; 95% CI, 0.69-0.95 in group
consuming #1.1% energy intake;
P#.001 [adjusted HR, 0.84; 95% CI,
0.69-1.02; P = .10]) or the highest intakes of vegetables and fruits (HR, 0.88;
95% CI, 0.76-1.03 in the group that
consumed $6.5 servings/d; P#.001
[adjusted HR, 0.89; 95% CI, 0.741.06; P =.11]). While these additional
analyses are subject to residual confounding because of reporting bias or
the lack of a comparable comparison
group, some confidence in their validity is supported by parallel patterns of
LDL-C reductions in participants stratified by changes in saturated fat at year
1 (−10.1; 95% CI, −13.5 to −6.6 mg/dL
[0.26; 95% CI, −0.36 to −0.17 mmol/L]
in the quartile with the greatest reduction; P =.005 for trend), and trans fat
(−9.0; 95% CI, −12.5 to −5.6 mg/dL
[0.23; 95% CI, −0.32 to −0.14 mmol/L]
in the quartile with the greatest reduction; P =.03).

Table 4. Clinical Outcomes (Annualized Percentage) of the Dietary Modification Trial Participants by Randomization Assignment
All Participants, No. (%)

Mean follow-up time, mo
Major CHD (nonfatal MI or CHD death)†‡
Nonfatal MI
CHD death
CABG/PCI
Composite CHD (nonfatal MI,
CHD death, or CABG/PCI)
Stroke
Fatal§
Nonfatal
Stroke class
Ischemic
Hemorrhagic
Total cardiovascular disease||

Intervention
(n = 19 541)
96.9
559 (0.35)
435 (0.28)
158 (0.10)
717 (0.45)
1000 (0.63)

Comparison
(n = 29 294)
97.1
863 (0.36)
671 (0.28)
234 (0.10)
1113 (0.47)
1549 (0.65)

434 (0.28)
55 (0.03)
379 (0.24)
256 (0.16)
67 (0.04)
1357 (0.86)

Participants Without History of CVD, No. (%)

0.98 (0.88-1.09)
0.98 (0.87-1.11)
1.02 (0.84-1.25)
0.96 (0.88-1.06)
0.97 (0.90-1.06)

Intervention
(n = 18 633)
97.2
452 (0.30)
353 (0.23)
124 (0.08)
569 (0.38)
806 (0.53)

Comparison
(n = 27 925)
97.4
733 (0.32)
581 (0.26)
185 (0.08)
935 (0.41)
1292 (0.57)

0.93 (0.83-1.05)
0.91 (0.80-1.04)
1.01 (0.81-1.27)
0.91 (0.82-1.01)
0.94 (0.86-1.02)

642 (0.27)
86 (0.04)
556 (0.23)

1.02 (0.90-1.15)
0.97 (0.69-1.36)
1.03 (0.90-1.17)

384 (0.25)
46 (0.03)
338 (0.22)

564 (0.25)
73 (0.03)
491 (0.22)

1.02 (0.90-1.17)
0.94 (0.65-1.35)
1.04 (0.90-1.19)

383 (0.16)
113 (0.05)
2088 (0.88)

1.01 (0.86-1.18)
0.90 (0.66-1.22)
0.98 (0.92-1.05)

228 (0.15)
62 (0.04)
1132 (0.75)

334 (0.15)
106 (0.05)
1777 (0.78)

1.03 (0.87-1.22)
0.88 (0.64-1.20)
0.96 (0.89-1.03)

HR (95% CI)*

HR (95% CI)*

Abbreviations: CABG, coronary artery bypass graft; CHD, coronary heart disease; CI, confidence interval; HR, hazard ratio; MI, myocardial infarction; PCI, percutaneous coronary
intervention.
*From an unweighted proportional hazards model stratified by prevalent condition, age, and hormone therapy randomization group.
†MI includes clinical MI and silent MI. Fifty-five and 47 MIs were identified only by serial electrocardiography among all participants and those without history of CVD, respectively.
‡Nonfatal MI is defined as no definite CHD death within 28 days of MI.
§Fatal stroke is defined as death within 30 days of stroke, or source of outcome is cause of death only.
||Total cardiovascular disease includes clinical MI, silent MI, death due to CHD, CABG/PCI, and stroke.
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COMMENT
The WHI Dietary Modification Trial is
the largest long-term randomized trial
of a dietary intervention ever conducted to our knowledge, and it
achieved an 8.2% reduction at year 6
in total fat intake and a mean daily increase of 1.1 servings of vegetables and
fruits and 0.5 serving of grains. No sig-

nificant effects on incidence of CHD or
stroke were observed during 8.1 years
of follow-up. Analysis of subcomponents of CVD, including MI, coronary
interventions, and stroke separately
showed no beneficial or adverse effects of the dietary changes. Although
power was limited for subgroup analyses, stratification by ethnicity, age, BMI,

or the presence of baseline CVD risk
factors did not reveal any subgroup in
which there were significant effects. An
interaction with prior CVD was observed; women without baseline CVD
had an HR close to significant, but the
absolute reduction was only 7%. The
intervention was associated with increased risk in the 3.4% of women with

Figure 2. Kaplan-Meier Estimates of Cumulative Hazards for CHD (MI, CHD Death, or Revascularization) and Stroke
All Participants
MI, CHD Death, or Revascularization

0.06

Stroke

Comparison
Intervention

Cumulative Hazard
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HR, 1.02 (95% CI, 0.90-1.15)
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28 294 28 868 28 484 28 121 27 712 27 251 26 813 23 173 15 283 7523

29
54

54
54

48
72

52
82

47
70

19 541 19 348 18 132 18 900 18 662 18 438 18 122 15 744 10 397 5159
29 294 28 936 28 657 28 376 28 057 27 704 27 376 23 734 15 665 7743

Participants Without a History of CVD
MI, CHD Death, or Revascularization

0.06

Stroke

Cumulative Hazard

0.05

0.04

HR, 0.94 (95% CI, 0.86-1.02)

HR, 1.02 (95% CI, 0.90-1.17)
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Time, y
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24
48
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48
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40
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18 633 18 463 18 266 18 053 17 841 17 637 17 352 15 131 10 027 4989
27 925 28 598 27 343 26 086 26 796 26 484 26 186 22 765 15 090 7479

CHD indicates coronary heart disease; CI, confidence interval; HR, hazard ratio; MI, myocardial infarction.
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Figure 3. Risk of Composite Coronary Heart Disease (CHD) in Various Subgroups
No. of Cases of CHD
(Annualized %)
Intervention

Comparison

P Value for
Interaction

Race or Ethnic Group
White
Black
Hispanic
American Indian/Alaskan Native
Asian or Pacific Islander
Unknown/Other

838 (0.65)
119 (0.70)
20 (0.35)
1 (0.14)
8 (0.24)
14 (0.72)

1330 (0.68)
150 (0.60)
30 (0.35)
7 (0.78)
15 (0.28)
17 (0.56)

.11

Age Group at Screening, y
50-59
60-69
70-79

171 (0.28)
521 (0.72)
308 (1.23)

287 (0.31)
763 (0.71)
499 (1.32)

.58

Body Mass Index
<25
25-<30
≥30

183 (0.44)
359 (0.64)
456 (0.77)

284 (0.46)
556 (0.65)
706 (0.80)

.07

Family History of Premature MI
No
Yes

582 (0.52)
270 (1.06)

918 (0.54)
419 (1.10)

.77

Waist Circumference, cm
≤78.9
79.0-87.5
87.6-97.9
≥98.0

141 (0.36)
216 (0.52)
272 (0.71)
371 (0.95)

242 (0.41)
326 (0.54)
442 (0.75)
537 (0.92)

.19

Cigarette Smoking
Never/past
Current

885 (0.61)
99 (0.98)

1377 (0.63)
144 (0.91)

.77

Physical Activity, METS per Week
≤2.6
2.7-11.2
≥11.3

352 (0.77)
276 (0.61)
248 (0.53)

524 (0.77)
436 (0.64)
412 (0.59)

.37

Hypertension (Treated or BP >140/90 mm Hg)
No
Yes

296 (0.36)
624 (1.04)

514 (0.42)
915 (1.00)

.03

Statin Use
No
Yes

862 (0.58)
138 (1.49)

1344 (0.60)
205 (1.45)

.81

Treated for Diabetes (Pills or Injections)
No
Yes

834 (0.55)
166 (2.50)

1302 (0.57)
247 (2.44)

.71

Baseline % Energy From Fat∗
<33.84
33.84-<36.87
36.87-<40.80
≥40.80

255 (0.63)
230 (0.59)
243 (0.63)
269 (0.68)

345 (0.59)
380 (0.64)
393 (0.66)
425 (0.73)

.67

Baseline Energy From Saturated Fat, %
<10.9
10.9-<12.4
12.4-<14.1
≥14.1

243 (0.61)
247 (0.63)
264 (0.67)
243 (0.62)

395 (0.67)
379 (0.63)
390 (0.66)
379 (0.65)

.96

Randomized to Hormone Therapy Trial
Active
Placebo

94 (0.73)
89 (0.70)

146 (0.72)
150 (0.79)

.40

Randomized to CaD Trial
Active
Placebo

238 (0.61)
232 (0.58)

377 (0.58)
364 (0.57)

.50

History of CVD (MI, CABG/PCI, or Stroke)
No

806 (0.53)

1292 (0.57)

.006

Favors
Intervention

0.1

Favors
Comparison

1.0

10

HR (95% CI)

Body mass index was calculated as weight in kilograms divided by the square of height in meters. BP indicates blood pressure; CABG, coronary artery bypass graft; CaD,
calcium and vitamin D; CI, confidence interval; CVD, cardiovascular disease; HR, hazard ratio; HT, hormone therapy; METs, metabolic equivalent tasks; MI, myocardial
infarction; PCI, percutaneous coronary intervention.
*Conclusions do not change if results from 4-day food records are used.
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baseline CVD; this may be a chance observation, or rates in this small subset
may be confounded by concurrent
therapy or comorbid conditions.
The primary focus of the WHI Dietary Modification Trial intervention
was on lowering rates of breast and colorectal cancer, not those of CVD, by
targeting total dietary fat reduction.28,31 Women in the intervention
group achieved intakes of saturated fat
and cholesterol that were less than 10%
of energy intake and less than 300 mg/d,
respectively. However, intakes of polyunsaturated fat, vegetables and fruits,
and fiber were lower than now recommended,32-34 and there was no focus on
consumption of fish. However, while
the WHI Dietary Modification Trial intervention was not specifically designed to lower rates of CVD, at least
3 findings relevant to CVD are worth
noting.
First, contrary to previous suggestions about adverse effects of increasing carbohydrate intake on CVD risk
factors,35,36 no long-term adverse effects were observed on lipid profiles or
levels of glucose or insulin. There were
no significant increases in triglycerides levels or decreases in HDL-C levels, and trends for glucose and insulin
levels and for estimated insulin resistance all were slightly favorable. Body
weight, waist circumference, and diastolic blood pressure were significantly lower, as were levels of factor
VIIc. Because there are no apparent
changes that would have mitigated a potentially favorable effect on CVD, the
lack of an appreciable CVD effect may
be attributable to the limited decrease
(only 2.7 mg/dL [0.07 mmol/L]) in
LDL-C level, as well as the modest differences in other potentially favorable
dietary components. Based on a large
body of evidence from LDL-C–
lowering trials,13,14 this magnitude of
change in LDL-C level would be predicted to produce only a small (2%4%) decrease in CVD risk, a value far
below the power for detection in the
current study. As delivered, the dietary intervention was not expected to
have substantial effects on lipoprotein

levels, but it is possible that a diet specifically lower in saturated and trans fat
combined with increased intakes of vegetables, fruits, and grains might have led
to a decrease in CVD risk. The trial is
not a test of the dietary guidelines currently recommended for prevention of
CVD32-34 that specify a plant-based,
high-fiber diet rich in vegetables, fruits,
whole grains, nuts, beans, low-fat dairy
products, and fish and replacement of
saturated and trans fat with monounsaturated and polyunsaturated fat and
plant sterols.
Second, there is value in the comparison of these results to the limited
existing clinical trial results. Six previous randomized dietary trials, conducted many years ago, examined the
effect of dietary fat on rates of CVD with
at least 2 years of follow-up.7-9,37-39 In 4
of these trials,7-9,39 individuals started
with diets extremely high in saturated
fat; saturated fat intake was decreased
by approximately 10% of energy intake, resulting in a 12% to 15% decrease in blood levels of total cholesterol and a significant reduction in
CHD. In 2 other studies in which total
cholesterol levels were reduced by only
3% to 4%, no reduction was seen in
CHD.37,38 These previous studies further support the implication that the
lack of effect on CVD in the current
study was attributable to the small decrease in saturated fat and reduced intakes of monounsaturated and polyunsaturated fat that yielded the subsequent
minimal change in LDL-C levels. These
data further imply that, because the current mean saturated fat intake in the
United States is now approximately 11%
kcal vs 18% to 20% in the 1970s,40 very
aggressive and targeted dietary intervention would be required to achieve
substantial LDL-C lowering through dietary approaches. This might be difficult to attain within the context of the
general societal framework of food processing and availability.
Third, this study provides the
opportunity for subgroup analyses.
These results show no effect of this
diet on stroke, but a possible trend
toward benefit with regard to CHD
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was observed. The large diverse
cohort and long duration provide the
unique opportunity to evaluate the
effects of different levels of dietary
adherence and to examine whether
specific qualitative and quantitative
changes in the diet affected CVD outcomes. Stratification by attainment of
lowest levels of saturated or trans fat
or highest intakes of vegetables and
fruits showed positive trends, with
women who achieved the more optimal levels showing lower LDL-C levels and rates of CHD. Several previous
observational studies have indicated
that intakes of specific fatty acids are
more strongly related to CHD risk
than is total fat intake. 1,2,6 Collectively, these analyses, despite their
inherent limitations, suggest that a
diet lower in saturated and trans fat
intake and higher in intakes of vegetables and fruits and polyunsaturated
fat than what was achieved in this
trial might show significant benefit in
preventing CHD.
Strengths of this study include its randomized design, long-term follow-up,
large sample size, ethnic and socioeconomic diversity, and high retention rate.
Limitations include the lack of targeting key nutrients relevant to CVD and
the focus on women aged between 50
and 79 years; the possibility that the
effect might have been greater in men
or if the diet had been initiated at
younger ages cannot be ruled out. Why
trends toward protective effects for CHD
events were observed only in women
without baseline disease also needs further consideration. Limitations associated with the FFQ methodology include bias caused by self-report41 and the
need to recall food intake throughout a
3-month period; also, our validation
study suggested that baseline percentage of energy from fat may have been
overestimated by 2% to 3%.42
In conclusion, this long-term
dietary intervention in postmenopausal women, intended to reduce fat
intake and increase intake of vegetables, fruits, and grains, achieved an
8.2% of energy decrease in total fat
intake but only a 2.9% of energy
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decrease in saturated fat intake and
only modest increases in intakes of
vegetables, fruits, and grains. The
intervention did not reduce risk of
CHD or stroke. To achieve a significant public health impact on CVD
events, a greater magnitude of change
in multiple macronutrients and
micronutrients and other behaviors
that influence CVD risk factors may
be necessary.
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I may as well tell you, here and now, that if you are
going about the place thinking things pretty, you will
never make a modern poet. Be poignant, man, be poignant!
—P. G. Wodehouse (1881-1975)
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