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abstract

PURPOSE Observational studies of dietary fat intake and breast cancer have reported inconsistent findings. This
topic was addressed in additional analyses of the Women’s Health Initiative (WHI) Dietary Modification (DM)
clinical trial that evaluated a low-fat dietary pattern influence on breast cancer incidence.

METHODS In the WHI DM trial, 48,835 postmenopausal women, ages 50-79 years, with no prior breast cancer,
and a dietary fat intake of$ 32% of energy were randomly assigned at 40 US centers to a usual diet comparison
group (60%) or dietary intervention group (40%). The goals were to reduce fat intake to 20% of energy and
increase vegetable, fruit, and grain intake. Breast cancers were confirmed after central medical record review
and serial National Death Index linkages to enhance mortality findings.

RESULTS During 8.5 years of dietary intervention, breast cancer incidence and deaths as a result of breast
cancer were nonsignificantly lower in the intervention group, while deaths after breast cancer were statistically
significantly lower both during intervention and through a 16.1-year (median) follow-up. Now, after a long-term,
cumulative 19.6-year (median) follow-up, the significant reduction in deaths after breast cancer persists (359
[0.12%] v 652 [0.14%] deaths; hazard ratio [HR], 0.85; 95% CI, 0.74 to 0.96; P = .01), and a statistically
significant reduction in deaths as a result of breast cancer (breast cancer followed by death attributed to the
breast cancer) emerged (132 [0.037%, annualized risk] v 251 [0.047%] deaths, respectively; HR, 0.79; 95%
CI, 0.64 to 0.97; P = .02).

CONCLUSION Adoption of a low-fat dietary pattern associated with increased vegetable, fruit, and grain intake,
demonstrably achievable by many, may reduce the risk of death as a result of breast cancer in
postmenopausal women.

J Clin Oncol 38:1419-1428. © 2020 by American Society of Clinical Oncology

INTRODUCTION

In the Women’s Health Initiative (WHI) Dietary Modi-
fication (DM) trial, 48,835 postmenopausal women
were randomly assigned to DM or usual diet com-
parison groups to test whether a low-fat dietary pattern
reduces the incidence of breast cancer and colorectal
cancer as separate coprimary end points. The DM
program reduced fat intake; increased fruit, vegetable,
and grain intake; and was associated with modest
weight loss.1-3

At the protocol-specified end of dietary intervention,
after 8.5 years (median) follow-up, breast cancer in-
cidence was 8% lower in the intervention group,
but the difference was not statistically significant
(P = .09).1,4 At that time, the hazard ratio (HR) for
dietary intervention influence on deaths as a result
of breast cancer was 0.67 (95% CI, 0.43 to 1.06;
P = .08).5 However, there was a statistically significant
reduction in estrogen receptor (ER)–positive, progesterone

receptor (PR)–negative, poor-prognosis breast cancers
(HR, 0.64; 95% CI, 0.49 to 0.84) and a statistically sig-
nificant reduction in deaths after breast cancer in the
intervention group (P = .02).5 The significant reduction in
deaths after breast cancer was subsequently maintained
through cumulative follow-up (P = .01). However, the less
common outcome of deaths as a result of breast cancer
was nonsignificantly reduced in prior reports of the trial
(n = 48,835).1,5

Now, outcome updates through nearly 20 years cu-
mulative follow-up have identified 17%more deaths as
a result of breast cancer compared with our most
recent report.6 These new data, along with the pre-
viously reported trend toward fewer deaths as a result
of breast cancer in the dietary intervention group,
provided the impetus for the current analyses, which
have the potential for more definitive information on
the long-term influence of a low-fat dietary pattern on
breast cancer mortality.
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METHODS

Study Design

Details of the WHI DM trial have been published.1 Briefly,
48,835 postmenopausal women ages 50-79 years with no
prior breast cancer, mammogram clearance, and dietary
fat intake $ 32% of total energy intake by food frequency
questionnaire (FFQ) were recruited from 1993 to 1998 at
40 US clinical centers. Participants were randomly allo-
cated at the WHI clinical coordinating center and stratified
by age-group and clinical center to a low-fat dietary
pattern intervention group (19,541; 40%) or usual diet
comparison group (29,294; 60%). Intervention goals
included reduction in fat to 20% of calories and in-
creases in vegetables and fruit to 5 servings/d and grains
to 6 servings/d. Calorie restriction and weight loss were
not intervention goals. Comparison group women re-
ceived written health-related materials only. Institutional
review board approval was obtained at each clinical
center, and all participants provided written informed
consent.

The frequency of protocol-mandated mammography in the
2 randomization groups was nearly identical through
8 years follow-up, with 92% at years 2 and 4 and 90% at
year 6.1 Postintervention, self-reported mammography
rates were also closely comparable between randomization
groups with median annualized rates of 0.61 (quarter
1 [Q1]-Q3, 0.35-0.78) v 0.60 (Q1-Q3, 0.35-0.78) mam-
mograms/year, respectively.

The dietary intervention program included 18 preplanned
group nutritional/behavioral sessions and 1 individual ses-
sion in the first year followed by quarterly group sessions
until the dietary intervention ended after 8.5 years (me-
dian). Dietary intake was monitored using FFQs at 1 year
and, approximately every 3 years thereafter, in a rotating
subgroup. Postintervention follow-up required 2 written
reconsents, as previously described.5 National Death Index
(NDI) queries, which capture 98% of deaths,7 provided
additional mortality information regardless of reconsent
status.

Dietary changes associated with the low-fat eating pattern
after 1 year included reduced energy from fat to 24.3%
(standard deviation [SD], 7.5%) v 35.1% (SD, 6.9%) for the
intervention versus comparison groups, respectively, and
an increase in fruit, vegetable, and grain consumption,
with body weight 3% lower in the intervention group (all
P , .001).1,2 Dietary differences were maintained with
statistical significance through 5 years of intervention5

and remained statistically significant but were attenuated
in late intervention2 and postintervention.4 Women
generally continued dietary group activities after breast
cancer diagnosis.5 Baseline recreational physical ac-
tivity did not differ significantly between randomization
groups.5

Clinical Outcomes

Clinical outcomes included incident breast cancer, deaths
as a result of breast cancer (breast cancer followed by
death attributed to breast cancer), and deaths after breast
cancer (breast cancer followed by death attributed to any
cause), as ascertained for all 48,835 participants’ mea-
surements from random assignment through September
30, 2016. Outcome ascertainment was at 6-month intervals
throughout the intervention period, with subsequent up-
dates annually. Breast cancers were confirmed after
medical record review by centrally trained clinical center
physician-adjudicators. Final adjudication was performed
at the clinical coordinating center. All adjudicators were
masked to random assignment. Human epidermal growth
factor receptor 2 and ER and PR status were based on local
laboratory determinations.

Breast cancer therapy was directed by the participants’
physicians. Information on initial breast cancer therapy,
including surgery, radiation therapy, and adjuvant chemo-
therapy, were available from Medicare coding in a subset of
participants (n = 1,403) and did not differ between ran-
domization groups.8 Endocrine adjuvant therapy, on the
basis of self-report (n = 673), also was balanced between
randomization groups (71% v 68% of users in intervention
and comparison groups, respectively). Cause of death was
determined by medical record or death certificate review at
the clinical coordinating center; by NDI findings; and, in
some cases, by a relative’s report.

Statistical Analysis

The protocol-defined coprimary end points were incident
invasive breast cancer and colorectal cancer, to be ana-
lyzed separately. The current analyses were not protocol
specified. However, because subsequent funding, beyond
that identified in the original protocol, provided support for
long-term follow-up, including serial NDI queries, we can
now report long-term findings on breast cancer incidence
andmortality for the intervention versus comparison groups
on the basis of analyses that include all 48,835 randomly
assigned participants. All analyses use intention-to-treat
and time-to-event methods. Annualized rates for breast
cancer events during the dietary intervention period and
cumulatively throughout follow-up were assessed by ran-
domization group by dividing the number of events by the
corresponding person-time in each period. HRs contrasting
the intervention and comparison groups are estimated
using Cox regression with baseline rates stratified on age-
group in 5-year categories, randomization status and as-
signment in the WHI hormone therapy trials, hysterec-
tomy status, race/ethnicity (white, black, other), and study
phase (intervention and postintervention periods; time
dependent). Cumulative results represent findings over the
total follow-up periods described earlier. HRs contrasting
the intervention and comparison groups by cause of death
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were estimated using Cox regression models that included
cause-specific baseline hazard functions and HRs.9

The Kaplan-Meier method was used for graphical display of
death rates. The proportional hazards assumption was
assessed graphically. All statistical tests were 2-sided, and
nominal P values of # .05 were regarded as significant.
Reported P values do not adjust for multiple outcomes or
sequential monitoring, which may inflate type I error rates;
therefore, results should be interpreted cautiously. In fur-
ther analyses, we fitted multivariable marginal Cox re-
gression models,10,11 which provide identical HR estimates
to the usual estimates presented but allow for a multivari-
able null hypothesis test of all 4 breast cancer outcomes
that accounts for correlated multivariable outcomes, and
we presented the evolution of pertinent test statistics for
each additional year of follow-up.12,13 All statistical analyses
were conducted using SAS version 9.4 (SAS Institute, Cary,
NC) and R version 3.4 (R Foundation for Statistical Com-
puting, Vienna, Austria) software.

RESULTS

Baseline participant characteristics have been previously
described.1 Breast cancer risk factors, demographics, rec-
reational physical activity, socioeconomic status, medical
history, and prerandomization dietary intake1 were closely
comparable in the 2 randomization groups (Table 1).

Participant flow during the dietary intervention period and
throughout cumulative follow-up is outlined in Figure 1. After
cumulative follow-up of 19.6 years, with 3,374 total breast
cancers, the HR for breast cancer incidence was 0.95 (95%
CI, 0.89 to 1.02). Breast cancer characteristics by random-
ization group are listed in Table 2. The incidence of ER-
positive, PR-negative breast cancers was significantly reduced
in the dietary intervention group during the intervention period
(HR, 0.69; 95% CI, 0.54 to 0.90) and through cumulative
follow-up (HR, 0.77; 95% CI, 0.64 to 0.94).

As previously reported, during the intervention period, there
was a statistically significant reduction in deaths after breast
cancer in the dietary intervention group, which has now
persisted through 19.6 years cumulative follow-up (359
[0.12%] v 652 [0.14%], respectively; HR, 0.85; 95% CI,
0.74 to 0.96; P = .01). During the dietary intervention
period, there were fewer deaths as a result of breast cancer
in the dietary intervention group, but the finding was not
statistically significant (27 [0.016%] v 61 deaths [0.024%],
respectively; HR, 0.67; 95% CI, 0.43 to 1.06; P = .08).5

Subsequently, evidence for a reduction in deaths as a result
of breast cancer has been growing for the past decade as
seen in Z statistics for cumulative year-to-year HR estimates
(Fig 2). Now, after 19.6 years cumulative follow-up, a sta-
tistically significant reduction in deaths as a result of breast
cancer is evident (132 [0.037%] v 251 deaths [0.047%],
respectively; HR, 0.79; 95% CI, 0.64 to 0.97; P = .02;
Fig 3). A multivariable test for the overall null hypothesis of

no influence of randomization group on invasive breast
cancer; ER-positive, PR-negative breast cancer; death as
a result of breast cancer; and death after breast cancer was
significant for the intervention phase (P = .01) and over
cumulative follow-up (P = .01). This 4-df test is based on
the robust log-rank (score) test and accounts for correlation
among the 4 event types.

The HR for deaths as a result of breast cancer was un-
changed by analyses incorporating baseline weight (HR,
0.78; 95% CI, 0.63 to 0.97) or time-dependent weight
change (HR, 0.78; 95% CI, 0.63 to 0.96). A negligible HR
change was observed when physical activity was added as
a time-dependent variable or after adjustment for mam-
mogram screening rates. Analyses that added a time-
dependent variable for PR status attenuated the HR for
death as a result of breast cancer (HR, 0.83; 95% CI, 0.67
to 1.03; P = .09), and this inclusion provided an explanation
for 21% of the benefit observed in the unadjusted analyses.

By definition, in all 383 deaths as a result of breast cancer,
death was directly attributed to the breast cancer. In
comparison, the 1,011 deaths after breast cancer include
other mortality outcomes. There, breast cancer was the
most common cause of death (33%; HR, 0.78; 95% CI,
0.62 to 0.98) followed by deaths as a result of other cancers
(188 deaths; HR, 0.95; 95% CI, 0.71 to 1.28), coronary
heart disease (CHD; 81 deaths; HR, 0.56; 95% CI, 0.34 to
0.92), cardiovascular disease other than CHD (124 deaths;
HR, 0.92; 95% CI, 0.64 to 1.32), and dementia (76 deaths;
HR, 0.70; 95% CI, 0.43 to 1.14). There have been 13,498
deaths among the 48,835 randomly assigned participants.
Besides the 383 deaths attributable to breast cancer, there
were 3,605 deaths attributable to other cancers (HR, 0.97;
95% CI, 0.91 to 1.04), 4,276 to cardiovascular disease (HR,
0.98; 95%CI, 0.92 to 1.04), and 5,234 deaths to other causes
(HR, 1.00; 95% CI, 0.95 to 1.06), accounting for all 13,498
deaths. There was no significant dietary intervention influence
on overall mortality (HR, 0.98; 95% CI, 0.95 to 1.01).

DISCUSSION

With long-term follow-up of the WHI DM randomized
clinical trial, implementation of a low-fat dietary pattern that
included increased vegetable, fruit, and grain consumption
and was associated with modest weight loss significantly
reduced the risk of death as a result of breast cancer. The
finding is based on intention-to-treat comparisons in a sec-
ondary analysis between randomization groups and includes
all 48,835 participants, which provides evidence that a dietary
change may favorably influence a postmenopausal woman’s
risk of dying as a result of breast cancer. Although not protocol
specified, death as a result of breast cancer is arguably the
most clinically relevant breast cancer outcome.

In addition to a statistically significant reduction in death as
a result of breast cancer among dietary intervention group
participants, a statistically significant reduction in deaths
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TABLE 1. Baseline Characteristics of Women’s Health Initiative Dietary Modification Trial Participants by Randomization Group (N = 48,835)
Participants, No. (%)

Characteristic Intervention (n = 19,541) Comparison (n = 29,294)

Mean age at screening, years (SD) 62.3 (6.9) 62.3 (6.9)

Age-group at screening, years

50-59 7,206 (36.9) 10,792 (36.8)

60-69 9,083 (46.5) 13,632 (46.5)

70-79 3,252 (16.6) 4,870 (16.6)

Race/ethnicity

White 15,871 (81.2) 23,891 (81.6)

Black 2,135 (10.9) 3,127 (10.7)

Hispanic 751 (3.8) 1,094 (3.7)

American Indian 88 (0.5) 114 (0.4)

Asian/Pacific Islander 431 (2.2) 674 (2.3)

Unknown 265 (1.4) 394 (1.3)

High school diploma or GED 15,158 (78.0) 22,641 (77.8)

Family income $ $50,000 7,181 (39.0) 10,612 (38.5)

Postmenopausal hormone use

Never 8,072 (41.3) 12,102 (41.4)

Past 2,813 (14.4) 4,181 (14.3)

Current 8,639 (44.2) 12,979 (44.4)

Median BMI, kg/m2 (IQR) 28.2 (24.8-32.4) 28.2 (24.9-32.5)

Mean waist circumference, cm (SD) 89.0 (13.9) 89.0 (13.7)

Mean systolic BP, mm Hg (SD) 127.5 (17.2) 127.9 (17.2)

Mean diastolic BP, mm Hg (SD) 75.9 (9.1) 76.0 (9.1)

Median physical activity, MET-hours/week (IQR) 6.3 (1.5-15.0) 6.3 (1.3-14.7)

Smoking status

Never 9,918 (51.4) 15,029 (51.9)

Past 8,121 (42.1) 11,979 (41.3)

Current 1,273 (6.6) 1,977 (6.8)

Hysterectomy 8,448 (43.2) 12,755 (43.5)

Bilateral oophorectomy 3,884 (20.3) 5,997 (20.9)

Medical treatment received

Diabetes 866 (4.4) 1,337 (4.6)

Hypertension or BP $ 140/90 mm Hg 8,382 (46.7) 12,734 (47.4)

High cholesterol requiring medication 2,238 (11.5) 3,437 (11.7)

Statin use at baseline 1,207 (6.2) 1,836 (6.3)

Aspirin use $ 80 mg/d 3,437 (17.6) 5,400 (18.4)

Medical history

Myocardial infarction 363 (1.9) 549 (1.9)

CABG or PCI 241 (1.2) 321 (1.1)

Stroke 205 (1.0) 328 (1.1)

Family history of breast cancera 3,396 (18.3) 4,928 (17.8)

Menopausal hormone randomization group

CEE alone 615 (3.1) 1,039 (3.5)

(continued on following page)
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after breast cancer has been consistently seen, even
though breast cancer incidence was not significantly re-
duced. However, there was a substantial and sustained
reduction in ER-positive, PR-negative breast cancers,
which carry a poor prognosis.14,15 One HR estimate of PR
influence on breast cancer–specific mortality was 3.24,14

similar in magnitude to triple-negative breast cancer.16

Thus, the reduction in ER-positive, PR-negative cancers
presumably contributed to the favorable findings with
regard to deaths as a result of breast cancer. Another
potential contributing factor is the previously reported fa-
vorable dietary influence on survival after breast cancer
diagnosis.8 Of 1,764 women diagnosed with breast cancer
during the dietary intervention, postdiagnosis 10-year
breast cancer overall survival was significantly greater in
the dietary intervention group (82% v 78%; P = .01).8

In addition, the WHI dietary intervention has demonstrated
effects of reducing metabolic syndrome risk,17 lowering the
need for cholesterol-targeted and hypertensive medicine,18

reducing diabetes progression,19 and reducing estradiol
levels,1 all factors that can influence breast cancer pro-
gression and mortality20 as well as mortality as a result of
other conditions.3,21 Taken together, these findings provide
a biologic framework for the dietary intervention to signif-
icantly reduce deaths as a result of breast cancer even
while not significantly reducing overall breast cancer
incidence.

ASCO guidelines since 199922 have supported the use of
tamoxifen and later, raloxifene and aromatase inhibition, for
breast cancer risk reduction.23-25 However, none of these
interventions have been demonstrated to reduce deaths as
a result of breast cancer, including tamoxifen trials with the
longest follow-up.23,26 These findings are suggestive of
tamoxifen influencing mainly favorable-prognosis can-
cers.27 In contrast, in the WHI DM trial, random assignment
to a low-fat dietary pattern resulted in a nominally signifi-
cant reduction in relatively unfavorable ER-positive, PR-
negative cancers and in deaths as a result of breast cancer.

Clinical trials with breast cancer as an end point in gen-
erally healthy women without breast cancer cannot be
easily compared with findings from breast cancer adjuvant
clinical trials. For example, in a meta-analysis of ran-
domized adjuvant trials evaluating tamoxifen in women with
early-stage breast cancer, 71% of 3,811 total deaths were
a result of breast cancer.28 There, a significant increase in
overall survival would be a reasonable expectation because
tamoxifen targets the predominant cause of death in the
study. In contrast, in the current WHI DM trial involving
generally healthy postmenopausal women without breast
cancer, while there have been 13,498 total deaths, only 3%
were as a result of breast cancer. Considering deaths as
a result of all causes, there was not a significant dietary
intervention influence on overall mortality (HR, 0.98;
95% CI, 0.43 to 1.01).

TABLE 1. Baseline Characteristics of Women’s Health Initiative Dietary Modification Trial Participants by Randomization Group (N = 48,835)
(continued)

Participants, No. (%)

Characteristic Intervention (n = 19,541) Comparison (n = 29,294)

CEE alone placebo 670 (3.4) 1,068 (3.6)

CEE + MPA 972 (5.0) 1,457 (5.0)

CEE + MPA placebo 925 (4.7) 1,304 (4.5)

Not randomly assigned 16,359 (83.7) 24,426 (83.4)

Calcium and vitamin D randomization group

Calcium and vitamin D 4,767 (24.4) 7,827 (26.7)

Calcium and vitamin D placebo 4,878 (25.0) 7,738 (26.4)

Not randomly assigned 9,896 (50.6) 13,729 (46.9)

Mean energy intake (SD)b

Total energy, kcal/d 1,695.0 (451.8) 1,708.4 (462.7)

Energy from fat, % 32.0 (6.6) 32.5 (6.8)

Energy from protein, % 16.9 (3.5) 16.6 (3.5)

Energy from carbohydrates, % 51.8 (7.9) 51.6 (7.8)

Total dietary fiber, g/d 17.3 (6.1) 17.1 (6.0)

Abbreviations: BMI, body mass index; BP, blood pressure; CABG, coronary artery bypass graft; CEE, conjugated equine estrogen; GED,
General Education Development; IQR, interquartile range; MET, metabolic equivalent task; MPA, medroxyprogesterone; PCI, percutaneous
coronary intervention.

aIndicates occurrence in participant’s mother, sister, daughter, or grandmother.
bFrom baseline 4-day food records on a 4.6% random subsample.
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The reduction in deaths as a result of breast cancer in the
WHI dietary intervention group demonstrates that the re-
duction in deaths after breast cancer cannot be solely
attributed to improvement of cardiovascular disease mor-
tality.29 The WHI DM intervention influence on breast
cancer mortality seems to be durable, with favorable in-
fluence long after the end of the dietary intervention. Be-
cause postintervention information on dietary habits is
limited,4 we are unable to determine whether the breast

cancer mortality reduction is attributable to continued
dietary adherence or solely to dietary changes during the
8.5-year intervention period.

Observational studies of dietary fat and breast cancer have
provided inconsistent results,30-33 which likely reflect study
limitations, including measurement error associated with
self-reported diet and limited dietary variation within study
populations. In addition, most reports include a single di-
etary assessment and are not comparable to a randomized

Randomly assigned 
to WHI DM trial

Begin first
extended follow-up

Begin second
extended follow-up

End of last
NDI search

1993

1998

2002

2004

2005

2010

2014

2016

NDI search spans

Provided consent and met the
≥ 32% energy from fat eligibility criterion 

(n = 56,139)

Women who initiated screening 
(N = 373,092)

Randomly assigned 
(n = 48,835)

Included in primary      (n = 19,541) 
analysis 

Deaths as a result of        (n = 5,337) 
   all causes
Deaths as a result of          (n = 132)
   breast cancer 

Included in primary    (n = 29,294) 
analysis

Deaths as a result of     (n = 8,161)
all causes 

Deaths as a result of        (n = 251) 
breast cancer 

Assigned to receive low-fat diet 
(n = 19,541)

Assigned to receive usual diet 
(n = 29,294)

Survived to postintervention 
(n = 18,552)

Survived to postintervention 
(n = 27,774)

Died during intervention (n = 989)
Deaths as a result of          (n = 27)

breast cancer 

Died during intervention  (n = 1,520)
Deaths as a result of              (n = 61)
    breast cancer 

Died during postintervention
follow-up through last NDI

search 
(December 31, 2016; n = 4,348)

Died during postintervention
follow-up through last NDI

search 
(December 31, 2016; n = 6,641)

FIG 1. Participant flow diagram for the Women’s Health Initiative (WHI) Dietary Modification (DM) trial of a low-fat dietary pattern through
extended follow-up. NDI, National Death Index.
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trial with a multiyear nutritional/behavioral intervention. To
our review, only 1 other full-scale randomized trial has
evaluated a low-fat dietary pattern for breast cancer

prevention. In a Canadian trial of 4,690 women with high
breast density, many of whom were premenopausal, no
effect on breast cancer incidence was seen with 118
incident cases.34

The WHI DM trial low-fat dietary pattern, as implemented in
19,541 postmenopausal women, represents DM. Dietary
fat intake was modestly but significantly decreased to
24.7% of energy at 1 year, not far from the current US
average intake of postmenopausal women of 33%. In
addition, there was some increase in fruit, vegetable, and
grain intake with only modest weight loss. Such a program
should be achievable by many.5 The WHI DM trial low-fat
eating pattern is somewhat similar to the Dietary Approach
to Stop Hypertension (DASH) diet identified as an effective
strategy to prevent cardiovascular disease.35 Both the
DASH diet and the WHI low-fat dietary pattern call for di-
etary moderation and include increases in fruits, vegeta-
bles, and grains, with an additional major focus on total
dietary fat intake in the WHI program.

In absolute terms, reductions in deaths as a result of breast
cancer in the dietary intervention group were modest. For
every 10,000 person-years of women following a low-fat
dietary pattern, there would be 1 fewer death as a result of
breast cancer and 2 fewer deaths after breast cancer.
Because there are. 50 million postmenopausal women in
the United States,36 on a population level, such a program
could have an appreciable impact if current HR estimates

TABLE 2. Characteristics of Invasive Breast Cancer by Randomization Group in the
Women’s Health Initiative Dietary Modification Trial During the Follow-Up Period

Intervention
(n = 1,299)

Comparison
(n = 2,075)

Characteristic No. % No. % P a

Histology .97

Ductal 835 64.7 1,344 65.5

Lobular 133 10.3 204 9.9

Ductal and lobular 171 13.3 269 13.1

Other 151 11.7 234 11.4

ER status .48

Positive 1,052 85.5 1,689 86.3

Negative 179 14.5 267 13.7

PR status .13

Positive 906 74.4 1,393 71.9

Negative 312 25.6 544 28.1

ER/PR status .06

ER positive, PR positive 887 74.1 1,366 71.6

ER positive, PR negative 154 12.9 305 16.0

ER negative, PR negative 156 13.0 237 12.4

HER2 overexpression 158 14.7 220 13.2 .24

Triple-negative tumor 85 7.0 139 7.2 .84

Stage .56

Local 954 75.0 1,542 75.9

Regional or distant 318 25.0 490 24.1

Grading .28

Well differentiated 341 28.8 548 28.9

Moderately differentiated 515 43.5 877 46.3

Poorly differentiated 327 27.6 469 24.8

Tumor size, cm .40

, 1 333 27.9 567 29.7

1 to , 2 519 43.5 806 42.3

$ 2 340 28.5 533 28.0

Positive lymph nodes .53

0 855 74.9 1,394 76.3

1-3 216 18.9 321 17.6

$ 4 70 6.1 112 6.1

NOTE. Median follow-up for breast cancer incidence was 18.4 years because
only participants who consented to extended follow-up had available information on
tumor characteristics.
Abbreviations: ER, estrogen receptor; HER2, human epidermal growth factor

receptor 2; PR, progesterone receptor.
aP values are based on x2 tests of association for most tumor characteristics.

Trend tests were used for ordinal tumor characteristics: grading, tumor size, and
positive lymph nodes.

Time Since Random Assignment (years)

Z 
St

at
is

tic

Invasive breast cancer

ER-positive, PR-negative invasive 
breast cancers
Deaths as a result of breast cancer

Deaths after breast cancer

–3

−2

−1

0

1

2

3

5 10 15 20

Fa
vo

rs
 In

te
rv

en
tio

n
Fa

vo
rs

 C
om

pa
ris

on

FIG 2. Z statistics that correspond to hazard ratio estimates, starting at
random assignment through each additional year of cumulative follow-
up. Dotted lines indicate nominal significance at the .05 and .01 levels.
As seen, evidence for deaths as a result of breast cancer, a less
common event, has incrementally strengthened over the past decade.
ER, estrogen receptor; PR, progesterone receptor.
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are projected. Alternatively, if the intervention group ex-
perienced death rates comparable to the comparison
group, there would be an additional 107 deaths in the
intervention group, with 35 attributed to breast cancer.

Study strengths include the randomized controlled design
with breast cancer incidence as a primary outcome, the
enrollment of a large cohort of 48,835 postmenopausal
women with ethnic diversity (18.6% minority), closely
comparable mammography frequency in randomization
groups throughout, dietary adherence supported by body
weight and biomarker differences, medical record confir-
mation of breast cancers, long-term follow-up, and serial
NDI linkage to enhance mortality findings. Study limitations
include those associated with post hoc analyses and lack of
comprehensive breast cancer therapy information. Spe-
cifically, reported P values do not adjust for multiple out-
comes or sequential monitoring. With regard to multiple
outcomes, while breast cancer incidence, rather than
breast cancer mortality, is a protocol-specified coprimary

outcome, this limitation is partially offset by a nominally
significant reduction in ER-positive, PR-negative breast
cancer incidence in the intervention group, both during the
intervention period and cumulatively. In addition, sequential
analyses are expected to lead to some inflation of type I error
for comparisons between randomization groups. This limi-
tation is partially offset by test statistic calculations for year-to-
year follow-up (Fig 2), with results trending toward greater
evidence for breast cancer mortality reduction for some
years, with findings not likely reflecting a random high.12,13

However, because these multiple testing limitations cannot
be fully addressed in a post hoc fashion, our summary of
results is that a low-fat dietary intervention may, rather than
does, reduce breast cancer mortality.

In conclusion, adoption of a low-fat dietary pattern that
included increased vegetable, fruit, and grain consumption
is demonstrably achievable by many postmenopausal
women. Such a dietary pattern may reduce the risk of death
as a result of breast cancer in postmenopausal women.

Low-fat dietary intervention group

Comparison group

132 (0.037%) v 251 (0.047%)
HR, 0.79; 95% CI, 0.64 to 0.97
P = .02

Cu
m

ul
at

iv
e 

Ha
za

rd

0 2 4 6 8 10 12 14 16 18 20

0.003

0.006

0.009

0.012

Time Since Random Assignment (years)
No. at risk:

19,541 19,435 19,238 18,989 18,678 18,276 17,757 17,115 16,299 15,216 7,732

29,294 29,155 28,902 28,517 27,984 27,361 26,570 25,605 24,379 22,771 11,430

Intervention

Comparison

FIG 3. Dietary modification influence on
deaths as a result of breast cancer during
cumulative follow-up. Kaplan-Meier cumula-
tive hazard estimates for death as a result of
breast cancer during the 19.6-year (median)
cumulative follow-up among all 48,835 trial
participants. Background shading shows the
distribution for duration of the intervention
phase (in quintiles); no shading indicates
postintervention follow-up for all participants.
Summary statistics are from a Cox proportional
hazards regression model stratified by age-
group, random assignment in the hormone
therapy trials, hysterectomy status, ethnicity
(white, black, other), and study period (time
dependent). The P value corresponds to a
2-sided score (log-rank) test. HR, hazard ratio.
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