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BSTRACT
ackground Results of the Women’s Health Initiative Ran-
omized Controlled Dietary Modification Trial (WHI-DM)
uggest that a low-fat diet may be associated with bene-
cial health outcomes for specific groups of women.
bjective The objective is to assess how cost-effective the
HI-DM would be if implemented as a public health

ntervention and under the sponsorship of private health
nsurers and Medicare. Breast and ovarian cancers are
he health outcomes of interest.
articipants Two groups of WHI-DM participants form the
arget population for this analysis: participants consum-

. M. Bós is a research associate, Bloomberg School of
ublic Health, Johns Hopkins University, Baltimore,
D, and a professor, Tusculum College, Greeneville,
N. B. V. Howard is a senior scientist, MedStar Re-
earch Institute, and a professor of medicine, George-
own University, Hyattsville, MD. S. A. A. Beresford is a
rofessor, Department of Epidemiology, University of
ashington, Seattle. N. Urban is associate head, Molec-

lar Diagnostics Program, and L. F. Tinker is a princi-
al staff scientist, Fred Hutchinson Cancer Research
enter, Seattle, WA. H. Waters is a senior policy re-

earcher, RAND Corporation, Santa Monica, CA. A. J.
ós is a professor, Pontifícia Universidade Católica do
io Grande do Sul, Instituto de Geriatria e Gerontolo-
ia, Porto Alegre, RS, Brazil. R. Chlebowski is a profes-
or and chief, Harbor/UCLA Medical Center, Depart-
ent of Internal Medicine, Medical Oncology/
ematology, Torrance, CA. At the time of the study,
. M. Ennis was with MedStar Research Institute,
yattsville, MD.
Address correspondence to: Antônio M. Bós, PhD, Tus-

ulum College, 60 Shiloh Rd, Greeneville, TN 37743.
-mail: abos@jhsph.edu
Manuscript accepted: August 4, 2010.
Copyright © 2011 by the American Dietetic

ssociation.
0002-8223/$36.00
(doi: 10.1016/j.jada.2010.10.011

6 Journal of the AMERICAN DIETETIC ASSOCIATION
ng �36.8% of energy from fat at baseline, and partici-
ants at high risk for breast cancer with 32% or more of
nergy from fat at baseline.
ethods This study uses Markov cohort modeling, follow-

ng societal and health care payer perspectives, with
onte Carlo simulations and one-way sensitivity analy-

es. WHI-DM records, nationally representative prices,
nd published estimates of medical care costs were the
ources of cost information. Simulations were performed
or hypothetical cohorts of women aged 50, 55, 60, 65, or
0 years at the beginning of the intervention. Effective-
ess was estimated by quality-adjusted life years
QALYs) and the main outcome measure was the incre-
ental cost-effectiveness ratio (ICER).

esults Following the societal perspective, the ICERs for
he 50-year old cohort are $13,773/QALY (95% confidence
nterval $7,482 to $20,916) for women consuming �36.8%
f energy from fat at baseline and $10,544/QALY ($2,096
o $23,673) for women at high risk for breast cancer. The
omparable ICER from a private health care payer per-
pective is $66,059/QALY ($30,155 to $121,087) and from

Medicare perspective, it is $15,051/QALY ($6,565 to
25,105).
onclusions The WHI-DM is a cost-effective strategy for
he prevention of breast and ovarian cancers in the target
opulation, from both societal and Medicare perspectives.
rivate health care payers have a relative short time-

rame to realize a return on investment, since after age 65
ears the financial benefits associated with the preven-
ion program would accrue to Medicare. For this reason,
he intervention is not cost-effective from a private health
are payer perspective.
Am Diet Assoc. 2011;111:56-66.

he Women’s Health Initiative Randomized Con-
trolled Dietary Modification Trial (WHI-DM) as-
sessed the effects of a low-fat dietary pattern on the

revention of cancer. The total enrollment was 48,835
ostmenopausal women, 50 to 79 years of age, without
rior cancer and with diets featuring �32% of energy
rom fat as assessed by a food frequency questionnaire

FFQ) during screening (1). The trial was conducted at 40
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S clinical centers from 1993 to 2005. The intervention
as successful in promoting dietary change, as the fat

ntake was significantly lower in the intervention than in
he comparison group during follow-up. The difference
etween the intervention and the comparison groups in
hange from baseline for percentage of energy from fat
aried from 10.7% at Year 1 to 8.1% at Year 6. Women
hose baseline dietary fat intake was high achieved a

arger reduction in the percentage of energy from fat than
id women with lower baseline dietary fat intakes, if
ssigned to the dietary intervention group (2). There was
vidence of reductions in the incidence of breast cancer in
ubgroup analyses and in ovarian cancer after 4 years
rom randomization. The strongest data in favor of an
ntervention effect on cancer risk derive from analyses of
azard ratios in relation to baseline fat intake. Women
ith higher fat intakes were more likely to achieve re-
uctions in the incidence of breast and ovarian cancers
2,3).

The effective behavior modification program and the
eneficial health outcomes lead to interest in replicating
he program as a public health intervention, so that
omen who did not participate in the WHI-DM study, but

hat present a similar profile, can receive the benefits of a
ow-fat diet. To provide additional information for such
onsiderations, a cost-effectiveness analysis was used to
valuate the outcomes and costs of the WHI-DM program
4). If the program is associated with relative low costs
ompared to outcomes, this finding provides support for
ublic health officials and other decision makers to invest
n a similar intervention for a wider group of the popula-
ion. These findings are particularly relevant in the con-
ext of the Patient Protection and Affordable Care Act
nacted on March 23, 2010, which provides emphasis to
ompetition, cost reductions, comparative effectiveness,
nd preventive services. Our analysis addresses seg-
ents of the population where the effectiveness of the

ntervention is clearly established. Specifically, two sets
orm the target population: women with �36.8% of en-
rgy intake from fat at baseline and women at high risk
or breast cancer with �32% of energy from fat at base-
ine. Notice that every participant in the WHI-DM trial

et or exceeded the 32% threshold, as this was one cri-
erion for participation in the trial. The study uses new
stimates of the hazard ratios associated with the inter-
ention and it follows the recommendations of the US
ublic Health Service Panel on Cost Effectiveness in
ealth and Medicine (5).

ETHODS
ost-Effectiveness Analysis
he result of the cost-effectiveness analysis is summa-
ized by the incremental cost-effectiveness ratio (ICER).
he ICER is calculated as the difference between the
otal cost in the intervention group and the total cost in
he comparison group, divided by the difference between
he health outcomes in the intervention group and the
ealth outcomes in the comparison group. It indicates the
dditional cost of obtaining a unit of health effect from
he low-fat dietary intervention compared with the regu-
ar diet. Health outcomes are estimated by quality-ad-

usted life years (QALYs), which measures the time spent c
n a series of quality-weighted health states (disease-free,
ancer, death), where the quality weights reflect the de-
irability of living in the state (6,7). The quality weights
also called utility ratios) represent the preferences for
he health states under consideration which, by conven-
ion, vary from zero (death) to one (perfect health). With
his convention, the resulting QALY is measured in units
f years lived in full health. The advantage of the QALY
s a measure of health output is that it can simulta-
eously capture gains from reduced cancer morbidity
quality gains) and reduced mortality (quantity gains),
nd it incorporates the value or preferences people place
n different outcomes. It captures all important health
imensions of the effect of the intervention. Following
tandard recommendations (8), future costs and out-
omes were discounted to present-day values using a real
ate of 3.0%.

erspectives
cost-effectiveness study can be undertaken from differ-

nt perspectives, according to which agent is making the
ecision to implement a given health intervention. A so-
ietal perspective considers everyone affected by the in-
ervention and counts all significant health outcomes and
osts from it, regardless of who experiences them (4). This
erspective is appropriate for decisions on the efficient
llocation of societal resources for health care (9) and it is
he standard perspective for public health decisions (4). A
econd alternative is to use a health care payer perspec-
ive, which only considers the costs to private insurers—if
he participant is younger than age 65 years—and to
edicare—if the participant is aged 65 years or older. For

rivate insurers, this analysis indicates if there is a busi-
ess case to offer an intervention similar to WHI-DM,
ased on a financial return on investment in the form of
voided cancer treatment costs and cost-sharing strate-
ies within a reasonable period (10). For Medicare, this
nalysis assesses the potential effect on its budget and
he desirability of a similar program offered to its partic-
pants.

The private payer perspective is implemented by in-
luding in the analysis only the participants who were
etween 50 and 55 years old at the beginning of the
ntervention. The costs and outcomes of the WHI-DM
rogram are calculated up to an age of 65 years, since
fter this age the treatment costs are borne by Medicare.
rivate payers need to recover their investment before
he participant turns 65 years old since, beyond this age,
edicare would benefit financially from the prevention

rogram.
The Medicare perspective is implemented by including

n the analysis only the participants who started the WHI
rogram at age 65 years or older. The costs and outcomes
f the intervention are calculated from that age through
he expected end of life. Medicare does not pay for pre-
entive interventions for people younger than age 65
ears and it does not have authority to pay for services
ffered to non-Medicare beneficiaries.
A common practice among analysts conducting cost-effec-

iveness research is to compare the ICERs obtained in their
esearch with conventional thresholds that reflect an ac-
eptable willingness-to-pay level by society or relevant de-

ision makers. Following the most common convention for
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he society perspective, interventions with ICER �$50,000
re considered very cost-effective, whereas interventions
ith ICER �$100,000 are considered ineffective (11,12).
hese figures are controversial, since plausible lower and
pper bounds for a cost-effectiveness decision rule that are
ubstantially higher that these values have been proposed
13,14). Nevertheless, the conventional thresholds are used
elow as a general guide for the interpretation of the re-
ults.

The scope of the health-care payer perspective is more
onstrained. For public payers, such as Medicare, and
on-profit private payers, the intervention should be, ide-
lly, cost reducing, given the savings associated with the
ower cancer incidence. However, given its public health

andate, Medicare should not focus exclusively on cost
aving when making coverage decisions (15). In this case,
relatively low ICER would indicate that the intervention

s an efficient use of Medicare resources. For instance, En-
land’s National Health Service uses a £20,000/QALY
hreshold, approximately $30,000/QALY (16).

Private, profit-oriented health care payers have,
trictly speaking, a weaker interest on QALYs as a rele-
ant outcome. Still, if the QALY-based ICER is reason-
bly low, the private payer could have an incentive to
ffer the program, if profit were generated by charging a
ee for participation, co-payments, deductibles or other
ost-sharing strategies. For instance, Ackermann and col-
eagues (10) relied on a low, private-payer perspective
CER to consider possible cost-sharing schemes that
ould provide private payers with a financial return on

heir investment.

arkov Model
Markov cohort model (17) was designed using TreeAge

ro 2009 software (release 1.02, 2009, TreeAge Software,
nc, Williamstown, MA) to follow hypothetical cohorts of
articipants through four health states: cancer-free,
reast cancer, ovarian cancer, and death. All research
ubjects began the Markov process free of cancer and they
ere followed until death or age 100 years in annual

ycles. Five cohorts are included in the study, defined by
he age when they started the WHI-DM program: 50, 55,
0, 65, and 70 years. The private health care payer per-
pective included only the cohorts aged 50 and 55 years,
nd the participants were followed until death or age 65
ears. To generate estimates for the standard deviations
f the ICERs, 10,000 Monte Carlo probabilistic simula-
ions were performed in each case, where the model pa-
ameters were simultaneously sampled over their proba-
ility distributions.
The Markov model used in this study is similar to those

sed in cancer prevention studies (18-23). Three sets of
ge-dependent transition probabilities are included. The
rst set is the probability of evolving from disease-free to
reast or ovarian cancer. Women with breast cancer could
ubsequently develop ovarian cancer, with the same con-
itional probability as those who were well (18). Cancer
isks are distinct between the intervention and compari-
on groups, as the low-fat diet is associated with lower
ancer incidence. Breast cancer was modeled as a tunnel
tate of 10 years’ duration, after which no woman dies of
reast cancer, but she remains at risk of developing ovar-

an cancer and dying from other causes (21). The second F

8 January 2011 Volume 111 Number 1
et is the probability of dying from breast or ovarian
ancer during the cycle. The third set is the probability of
ying from unrelated causes. The second and third com-
onents are identical between the groups, since the in-
ervention did not have an influence on cancer mortality
2) and since low-fat diets, similar to that used in the

HI-DM, do not have undesirable side effects (24,25).
The age adjusted, target-specific cancer incidence rates

or years 1993 to 2006 from the National Cancer Institute
EER program (SEER*Stat, version 6.5.2, 2009, Na-
ional Cancer Institute, Bethesda, MD) were converted
nto annual conditional probabilities (26). For the high-
at group of WHI-DM participants, defined as the median
FQ baseline assessment (�36.8% energy from fat), the
robability of breast cancer was increased by 10% (2).
omen at high risk for breast cancer have three times

he age-specific probability of breast cancer incidence as
he general population, based on hazard ratio analyses,
ncluding BRCA1 and/or BRCA2 genetic mutations, one
rst-degree relative with breast cancer diagnosed at an
arly age, high breast tissue density, biopsy-confirmed
typical hyperplasia, high bone density (postmeno-
ausal), high-dose radiation to chest (27). In addition, as
ll WHI-DM participants did, they feature diets with
32% of energy from fat. This strategy was implemented
y multiplying by three the age-specific probability of
reast cancer incidence provided in the SEER database.
or mortality, the crude probability of death, using ex-
ected survival from the SEER program was used. The
-year risks were converted to annual conditional proba-
ilities of death by assuming constant instantaneous
eath rates per year within each 5-year period. For non-
ancer death, breast and ovarian cancers were removed
s causes of death from the US cohort-based life tables
National Vital Statistics Reports deaths from each
ause; www.cdc.gov).
Table 1 provides the cumulative hazard ratios for

reast cancer associated with the WHI-DM intervention
nd the results of unweighted significance tests for the
arget population. The hazard ratio is a measure of how
ften the onset of cancer happened in the intervention
roup compared to how often it happened in the compar-
son group, over time. A hazard ratio �1 indicates that
ancer incidence was lower in the intervention group. In
he estimation of these ratios, the data were stratified by
ge groups and by randomization in the hormone therapy
rial. The inverse of the participant’s estimated adher-
nce probability was used as a weighting factor. The
-year time frame used in these calculations reflects the
edian follow-up used in the WHI-DM trial. Two sets of

azard ratios are presented. The first uses the time from
andomization to event—onset of cancer, death, or loss to
ollow-up—to contrast intervention and comparison
roups. The second set uses time from the first group
eeting to event for the intervention group, while still

sing time from randomization for the comparison group.
he two groups are compared in the same length of time,
p to 8 years, but they have distinct starting points. The
ain motivation of this strategy is that, although the
aiting period between randomization and the beginning

f the intervention varied for each individual participant,
he median waiting period was relatively long: 84 days.

or 25% of the participants, the wait was over 4 months.

http://www.cdc.gov
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sing time from the first group meeting may more closely
eflect the influence of a low-fat diet in the incidence of
reast cancer, since participants were not expected to
hange their diets during the waiting period. An impor-
ant result in this sensitivity analysis is that the 0.778
azard ratio for all WHI-DM participants, cumulative to
he 8th year from the beginning of the intervention re-
orted in Table 1, is statistically significant at a 5%
evel, indicating that, from this perspective, a low-fat
iet significantly reduces cancer incidence for women
hose diets have �32% of energy from fat at baseline.
able 1 also reports that, cumulative to the 8th year,

he intervention is associated with significant reduc-
ions in breast cancer for participants with �36.8% of
nergy from fat at baseline, irrespective of which set of
azard ratios is used.
For ovarian cancer, the small number of cases implies

hat any yearly estimates would be unreliable. The pub-
ished hazard ratio was used (0.60; 95% confidence inter-
al 0.38-0.96), following the assumption that the inter-
ention has no significant affect on ovarian cancer during
he first 4 years (3).

The source of cancer-specific utility ratios—quality
eights—was Anderson and colleagues (18). These ratios
ere multiplied by the age-adjusted utilities for healthy
omen provided by Stout and colleagues (23). This pro-

edure follows the recommendations of Gold and col-
eagues (5), and it addresses the observation that a life
aved would not be lived in perfect health, and therefore,
he utility value of 1.0 should not be used for it. The
anges for the utility ratios between ages 50 and 85 years
.780 to 0.590 for healthy women, 0.601 to 0.454 for
omen with breast cancer, and 0.507 to 0.384 for women
ith ovarian cancer.

ntervention Costs
he cost-effectiveness analysis performed by this study is
ased on a comprehensive estimate of the monetary and
onmonetary costs associated with the behavioral modi-

Table 1. Cumulative hazard ratios (HRs) for invasive breast cancer as
Modification Trial (WHI-DM) intervention

Year

HRs from Randomization Date

All WHI-DM Participants
WHI-DM Participants

High Fat Intakea

HR�SDb P value HR�SD P v

1 0.948�0.183 0.78 0.843�0.162 0
2 0.842�0.096 0.13 0.694�0.097 0
3 0.826�0.072 0.03 0.685�0.078 0
4 0.904�0.067 0.18 0.806�0.080 0
5 0.941�0.062 0.36 0.804�0.072 0
6 0.782�0.047 �0.001 0.672�0.054 �0
7 0.909�0.049 0.08 0.782�0.058 0
8 0.915�0.048 0.09 0.770�0.055 0

aWHI-DM participants with high fat intakes (ie, �36.8% of energy from fat at baseline)
bSD�standard deviation.
cation program and dietary regimen. The main objective t
f these calculations is to estimate the cost of the program
f applied as a new health intervention, not to recover the
istoric costs associated with the WHI-DM research. For
his purpose, the costs of research activities, such as
ollecting, processing, and interpreting clinical data, in-
luding electrocardiograms and mammograms, are not
onsidered. On the same lines, costs that are common to
oth intervention and comparison groups are not in-
luded, such as printing, completing, and processing the
FQ. The costs are calculated using the level of resources
sed in the dietary modification intervention and newly
ollected market prices for these resources, including
taff wages. All costs are adjusted by the consumer price
ndex to reflect 2008 prices, whereas health care costs are
djusted by the medical care component of the index.
The main feature of the dietary modification program
as a series of orientation and support meetings, guided
y behavior change principles (28,29). These meetings
mply two sets of costs: opportunity costs for the partici-
ants—as they could engage in other activities instead of
ttending these meetings—and direct expenditures for
taff, equipment, supplies, materials, and facilities.
The opportunity costs to participants were estimated

y multiplying the average number of hours attended by
he 2008 median hourly earnings of wage and salary
omen paid hourly rates (30). The WHI-DM intervention
rotocol specified 18 group intervention sessions during
he first year, followed by four group meetings in each of
he follow-up years and one individual dietary counseling
ession in the first year. Group and individual make-up
essions were also available. The group meetings lasted
etween 90 and 120 minutes, whereas the individual
ounseling session was 1 hour long. The average atten-
ance per participant was 13.6 sessions in the first year,
5.5 sessions during the follow-up years, 0.91 individual
ounseling sessions and 6.7 make-up sessions. The oppor-
unity costs for women younger and older than age 65
ears were estimated separately, since the hourly earn-
ng for the younger women ($13) was significantly higher

ted with the Women’s Health Initiative Randomized Controlled Dietary

HRs from Intervention Start

All WHI-DM Participants
WHI-DM Participants with

High Fat Intakea

HR�SD P value HR�SD P value

1.066�0.194 0.726 0.955�0.264 0.707
0.958�0.105 0.698 0.762�0.124 0.303
0.862�0.074 0.082 0.744�0.091 0.127
0.944�0.069 0.429 0.914�0.098 0.706
0.887�0.058 0.066 0.766�0.072 0.099
0.620�0.037 �0.001 0.543�0.046 �0.001
0.580�0.032 �0.001 0.511�0.040 �0.001
0.778�0.041 �0.001 0.671�0.050 �0.001

sessed by food frequency questionnaire.
socia

with

alue

.69

.07

.02

.28

.23

.001

.07

.04

, as as
han for the older women ($10.53).

January 2011 ● Journal of the AMERICAN DIETETIC ASSOCIATION 59



t
a
a
t
w
i
a
o
w
s
e
s
m
r
$
s
s
f
t
p
r
p
g
t
C
S
c
m
o
C
p
u
t
f

m
(
i
a
d
T
p

t
B
s
t

c
n
e
a
w
c
t
u
t
o
m

c
t
e
c
a

t
i
y
c
t
y
p
c
d
y

R
S
T
y
h
W

6

Direct expenditures for staff were estimated based on
he time commitment collected from WHI-DM records,
djusted by the average group size (12 participants) or, if
ppropriate, by the average clinical center size (456 par-
icipants). The majority of the intervention activities
ere provided by staff with moderate level of responsibil-

ty and expertise (equivalent to dietary technicians with
t least a 2-year associate’s degree). Staff with high level
f responsibility and expertise (equivalent to dieticians
ith at least a bachelor’s degree) assisted with the

creening, led the dietary modification intervention at
ach clinical center and facilitated two intervention group
essions during the first year. Staff at the low level pri-
arily assisted in the screening process. The hourly wage

ates for the staff—$15.50/hour for staff at low level,
19.35/hour for staff at the moderate level, $24.75 for
taff at the high level—were based on nationally repre-
entative figures (31-33). Estimates of the training costs
or staff were also included. WHI-DM guidelines provided
he requirements for facilities, equipment, supplies, and
rinted materials. Prices for these items were collected at
etail and on-line sources. Information about the dietary
atterns of the intervention and comparison groups was
athered from the WHI FFQ, and analyzed by the Nutri-
ion Assessment Shared Resource of the Fred Hutchinson
ancer Research Center. The Nutrition Assessment
hared Resource estimated the consumption level of spe-
ific food items, and multiplied this consumption infor-
ation with food prices, using standard US Department

f Agriculture food codes. The nationally representative
enter for Nutrition Policy Promotion Prices Database
rovided by the US Department of Agriculture (34) was
sed. For the purposes of this analysis, intervention par-
icipants were considered to have remained with the low-
at diet until they develop cancer.

Women in the intervention group were asked to self-
onitor their intake of fat, fruits, vegetables, and grains

35-37). This is part of the research protocol, as self mon-
toring is a well-documented aid in changing behaviors
nd maintaining the changes. A variety of tools was used
uring the program: Fat Counter, Fat Scan, Keeping
rack of Goals, Quick Scan, and Picture Tracker. The

Table 2. Intervention costs per participant in the Women’s Health Ini
dollars, according to intervention year

Year

Opportunity Costsa�SDb Mo

Age<65 y Age>65 y Staff

1 540.96�15.53 445.86�12.80 452.27�11
2 110.55�1.00 94.81�0.85 76.94�18
3 108.43�0.88 92.99�0.75 76.94�18
4 103.21�0.98 88.02�0.84 76.94�18
5 99.07�1.13 84.56�0.96 76.94�18
6 95.50�1.18 80.82�0.99 76.94�18
7 85.73�1.20 68.91�0.96 76.94�18
8 69.11�1.07 51.87�0.80 76.94�18

aBased on time commitment to attend meetings and perform self-monitoring activities.
bSD�standard deviation.
cEquipment, supplies, materials, and facilities.
ublication of these tools carries a monetary cost, and s

0 January 2011 Volume 111 Number 1
heir use involves a time commitment by the participants.
ased on WHI-DM records, on average each participant
pent 80.2 hours using these tools during the course of
he intervention.

A lower incidence of cancer implies that treatment
osts will be avoided (7). Since the WHI-DM program did
ot collect health care costs for cancer treatment, cost
stimates from the literature were used. In the societal
nd private payer perspectives, the net costs associated
ith breast and ovarian cancers provided by Fireman and

olleagues (38) were used. In the Medicare perspective,
he net costs provided by Yabroff and colleagues (39) were
sed. The cancer care costs were specified by the state of
reatment: initial care (first 12 months following cancer
nset), continuing care per year, terminal care (last 12
onths of life).
Table 2 provides yearly estimates of the intervention

osts per participant, in 2008 prices. The societal perspec-
ive includes all costs. The health care payer perspectives
xclude opportunity and diet costs. Health care costs with
ancer treatment are not included in Table 2, but they are
vailable in the sources indicated above (38,39).
Table 2 indicates that the WHI-DM implies a substan-

ial time commitment by participants to attend the meet-
ngs and perform self-monitoring activities. Using a 3%
early discount rate, the present value of the opportunity
ost over the 8 years is $1,110.04 for participants younger
han age 65 years and $923.17 for participants aged 65
ears and older. The present value of direct costs per
articipant over the 8 years is $1,619.25. Table 2 indi-
ates that a low-fat diet costs slightly more than a regular
iet, a difference ranging from 4.1% at the end of the first
ear of intervention to 1.6% in the sixth year.

ESULTS
ocietal Perspective
able 3 presents the results of the cost-effectiveness anal-
sis according to the societal perspective. For women at
igh risk for breast cancer, the hazard ratios for “all
HI-DM participants” from Table 1 were used. Strictly

Randomized Controlled Dietary Modification Trial (WHI-DM) in 2008

y Costs�SD Average Diet Costs�SD

Otherc Comparison Intervention

340.34�83.46 1,649.09�5.76 1,719.31�6.76
61.45�15.07
61.43�15.07 1,635.40�6.86 1,713.03�8.36
61.43�15.07
69.68�17.09
61.43�15.07 1,628.32�6.26 1,654.97�7.30
62.89�15.42
67.05�16.44
tiative

netar

0.91
.87
.87
.87
.87
.87
.87
.87
peaking, this strategy is justified only if the hazard
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atios from the intervention start are used, but the re-
ults from both sets of hazard ratios are presented.
The results indicate that the WHI-DM is a very cost-

ffective intervention in the prevention of breast and
varian cancers for women with high fat intakes and for
omen at high breast cancer risk. In most cases in Table
, even the upper bound limit of the 95% confidence
nterval is lower than the conventional, $50,000 to
100,000/QALY thresholds. Likewise, most point esti-
ates in Table 3 are below the $27,000 median ICER for

reast cancer interventions as reported in a systematic
verview of cost-utility analyses in oncology (40). The
CERs for women at high risk for breast cancer are less
eliable than those for women with high fat intakes, given
heir wider confidence intervals. The ICERs are lower for
he younger participants, but the intervention remains
ost effective for all age groups.

Given the high costs of cancer treatment, the reduced
ancer incidence in the intervention group is associated
ith significant cost savings. For instance, for the high-

at group, starting the intervention at age 50 years and
sing hazard ratios from randomization, the estimated
resent value of the expected health care costs for a
articipant in the intervention group is $8,188, whereas for
participant in the control group the estimated costs are

10,661. These medical care savings ($2,473) are higher
han the direct costs of the intervention ($1,619.25; as indi-
ated in Table 2).

Table 3. Cost-effectiveness of the Women’s Health Initiative Random

Start
age Group

Hazard Ratios from Randomization D

Total
cost Effectiveness ICERa (95% CIb)

Participants with high fat intake at baseline (>36.8% of energy
50 y Comparison $44,100 15.841 QALYsc

Intervention $45,264 15.926 QALYs $13,773/QALY (7,48
55 y Comparison $40,692 13.847 QALYs

Intervention $41,907 13.921 QALYs $16,560/QALY (8,98
60 y Comparison $36,720 12.368 QALYs

Intervention $38,004 12.431 QALYs $20,349/QALY (11,2
65 y Comparison $32,143 10.695 QALYs

Intervention $33,465 10.746 QALYs $26,146/QALY (14,5
70 y Comparison $27,267 8.911 QALYs

Intervention $28,806 8.949 QALYs $41,085/QALY (24,6
Participants at high risk for breast cancer with >32% of energ
50 y Comparison $58,730 15.395 QALYs

Intervention $60,259 15.474 QALYs $19,199/QALY (7,98
55 y Comparison $54,620 13.455 QALYs

Intervention $56,116 13.525 QALYs $21,394/QALY (8,03
60 y Comparison $49,601 12.023 QALYs

Intervention $51,078 12.084 QALYs $24,059/QALY (7,31
65 y Comparison $43,398 10.413 QALYs

Intervention $44,836 10.463 QALYs $28,442/QALY (8,29
70 y Comparison $36,655 8.695 QALYs

Intervention $38,235 8.734 QALYs $40,769/QALY (12,3

aICER�incremental cost-effectiveness ratio.
bCI�confidence interval.
cQALY�quality-adjusted life years.
For women with high fat intakes (�36.8% of energy e
rom fat), there are no important differences between the
CERS according to which set of hazard ratios is used.
or women at high risk for breast cancer, the ICERs that
se hazard ratios from intervention are substantially

ower. This distinction reflects the results presented in
able 1, where the eighth year cumulative hazard ratio

rom randomization for all WHI-DM participants was not
tatistically significant, whereas the hazard ratio from
ntervention was significant.

ealth Care Payer Perspectives
able 4 shows the cost-effectiveness from the health-care
ayer perspectives. For participants who started the in-
ervention at ages 50 and 55 years, these estimates follow
private health care payer perspective. For participants
ho started the intervention at age 65 and 70 years,
edicare is the health care payer.
The results shown in Table 4 indicate that private

roviders would have no interest in offering the WHI-DM
rogram to women younger than age 65 years. The costs
f the intervention outweigh the health care savings and
he high ICER suggests that cost sharing between care
ayers and patients would not be feasible (10). The ICERs
re very unreliable, as indicated by the wide confidence
ntervals. On the other hand, it is very cost-effective for

edicare to offer the intervention to its participants,

Controlled Dietary Modification Trial following societal perspective

Hazard Ratios from Intervention Start

Total
cost Effectiveness ICER (95% CI)

fat)
$44,100 15.841 QALYs

,916) $45,211 15.927 QALYs $12,944/QALY (6,170-22,026)
$40,692 13.847 QALYs

,233) $41,852 13.922 QALYs $15,551/QALY (7,155-26,581)
$36,720 12.368 QALYs

1,824) $37,983 12.431 QALYs $20,009/QALY (9,356-35,818)
$32,143 10.695 QALYs

1,293) $33,463 10.745 QALYs $26,312/QALY (12,429-48,764)
$27,267 8.911 QALYs

3,929) $28,827 8.947 QALYs $42,842/QALY (21,834-80,347)
fat

$58,730 15.395 QALYs
,446) $59,733 15.490 QALYs $10,544/QALY (2,096-23,673)

$54,620 13.455 QALYs
,886) $55,611 13.538 QALYs $14,885/QALY (1,725-28,767)

$49,601 12.023 QALYs
,582) $50,701 12.093 QALYs $15,604/QALY (2,324-42,915)

$43,398 10.413 QALYs
,367) $44,555 10.469 QALYs $20,461/QALY (3,394-59,610)

$36,655 8.695 QALYs
25,315) $38,071 8.736 QALYs $34,450/QALY (8,861-115,219)
ized

ate

from

2-20

8-25

82-3

52-4

89-6
y from

8-38

7-46

5-59

6-78

33-1
specially for the younger cohort.
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ensitivity Analysis
able 5 provides the results of a series of replications
uggested in the literature. These replications evaluate
he stability of the ICERs given changes in key model
arameters and assumptions. Table 5 only provides the
esults for women with high fat intake at baseline
�36.8% of energy from fat), and who were aged 50 years
t the beginning of intervention. Table 5 follows the so-
ietal perspective and uses the hazard ratios from ran-
omization. The results for other age groups, perspectives
nd hazard ratios would parallel the results shown below.
The 20% reduction in the direct costs of the interven-

ion reflects potential efficiency gains and cost-savings
enerated by implementing the intervention in a public
ealth setting (41). This hypothetical reduction in costs
enerates significant changes in the societal perspective
CER.

For health care payers, the intervention costs would
eed to be reduced by 48% to be cost saving for Medicare
nd by 42% to be cost saving for private providers (calcu-
ations not shown).

An intervention with the characteristics of the WHI-
M, where most costs are realized early in the program,
hereas the health outcomes accrue over many years, is

ikely to be sensitive to the discount rate. Table 5 con-
rms this expectation. The ICER is considerably lower
hen no discounting is performed (0% rate) and in-

reased with the higher rate (5%). In the special case of
% rate, the comparison case is dominated by the inter-
ention, which provides stronger health outcome at a

Table 4. Cost-effectiveness following health-care payer perspective,
Dietary Modification Trial

Start
age Group

Hazard Ratios from Randomization Da

Total
cost Effectiveness ICERa (95% CIb)

Participants with high fat intake at baseline (>36.8% of energy
50 y Comparison $3,271 9.271 QALYsc

Intervention $4,168 9.284 QALYs $66,059/QALY (30,155
55 y Comparison $2,171 6.381 QALYs

Intervention $3,342 6.387 QALYs $199,505/QALY (101,95
65 y Comparison $3,573 10.695 QALYs

Intervention $4,334 10.746 QALYs $15,051/QALY (6,565-
70 y Comparison $3,215 8.911 QALYs

Intervention $4,054 8.949 QALYs $22,390/QALY (10,671
Participants with high risk for breast cancer with >32% of ene
50 y Comparison $7,884 9.183 QALYs

Intervention $8,690 9.199 QALYs $51,698/QALY (8,776-
55 y Comparison $5,211 6.339 QALYs

Intervention $6,286 6.346 QALYs $153,460/QALY (0-1,32
65 y Comparison $7,549 10.413 QALYs

Intervention $8,348 10.463 QALYs $15,786/QALY (5,198-
70 y Comparison $6,826 8.695 QALYs

Intervention $7,666 8.734 QALYs $21,659/QALY (6,970-

aICER�incremental cost-effectiveness ratio.
bCI�confidence interval.
cQALY�quality-adjusted life years.
ower cost. Discounting health benefits for preventive I

2 January 2011 Volume 111 Number 1
easures is controversial, given the potential to exces-
ively devalue downstream benefits (6).
Although the usual procedure is to use the average
age, it might overstate the opportunity costs of partici-
ants (42). The ICER presented in Table 5 ($10,050/
ALY) indicates that the cost effectiveness of the
HI-DM is comparable to the lifestyle intervention in

he Diabetes Prevention Program ($8,800/QALY), where
alf of the wage was used to assess opportunity costs (41).
In the WHI-DM intervention, the average group size
as 12 participants and the average research site had
56 participants. The results shown in Table 5 indicate
hat the intervention would remain cost-effective even if
mplemented with groups as small as six participants and
n sites as small as 228 participants. These results pro-
ide further justification for applying the WHI-DM as a
ublic health intervention, where it might not be feasible
o enforce the 12 participants per group and 456 partici-
ants per site requirements.

ISCUSSION
rom a societal perspective, the WHI-DM is associated
ith ICERs that are substantially lower than conven-

ional thresholds and that are comparable with other
reventive, nutrition-based interventions (43,44). For 50-
ear-old women with �36.8% of energy from fat at base-
ine, the ICER is $13,773/QALY, using hazard ratios from
andomization. The intervention is also very cost-effec-
ive for women at high risk for breast cancer with �32%
f energy from fat. In this case, for 50-year-old women the

d on results of the Women’s Health Initiative Randomized Controlled

Hazard Ratios from Intervention Start

Total
cost Effectiveness ICER (95% CI)

fat)
$3,271 9.271 QALYs

,087) $4,174 9.284 QALYs $71,416/QALY (26,916-171,866)
$2,171 6.381 QALYs

8,299) $3,373 6.386 QALYs $259,286/QALY (93,039-1,505,203)
$3,573 10.695 QALYs

5) $4,323 10.745 QALYs $14,959/QALY (5,982-27,693)
$3,215 8.911 QALYs

20) $4,049 8.947 QALYs $22,900/QALY (9,929-42,908)
rom fat

$7,884 9.183 QALYs
07) $8,584 9.198 QALYs $47,112/QALY (4,561-256,084)

$5,211 6.339 QALYs
) $6,308 6.343 QALYs $267,985/QALY (0-3,574,977)

$7,549 10.413 QALYs
3) $8,210 10.469 QALYs $11,687/QALY (2,627-29,658)

$6,826 8.695 QALYs
3) $7,555 8.736 QALYs $17,730/QALY (4,435-54,343)
base

te

from

-121

6-40

25,10

-36,8
rgy f

235,5

3,115

39,14

63,16
CER is $10,544/QALY, using hazard ratios from inter-
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ention. However, this result depends on accepting the
rst day of the nutrition intervention as the appropriate
tarting point for estimating hazard ratios.
An intervention similar to the WHI-DM would be an

fficient use of Medicare resources, given the medical
fficacy of the intervention in improving health outcomes
nd increasing quality of life. If only the direct costs to
edicare are considered, the ICER is $15,051/QALY for

5-year-old women with high fat intake. These figures
ndicate that the WHI-DM features a similar cost and
ffectiveness profiles as other nutrition programs already
dopted (15). Medicare currently covers medical nutrition
herapy if the participant has diabetes or kidney disease
45). An expansion of the benefit to include women with
igh fat intakes as well as women with high risk for
reast cancer is suggested by the current analysis.
Together with lower mortality and improvement in

uality of life, a lower cancer incidence yields financial
avings in the form of lower treatment costs. Because the
uration of enrollment in private health insurance plans
s relatively short for women in the age groups covered in
his research, private payers would be reluctant to cover

preventive intervention similar to the WHI-DM that
as substantial initial costs and delayed benefits. After
ge 65 years, essentially all Americans receive health
are coverage through Medicare. A private health care
ayer would not benefit financially from the lower cancer
reatment costs associated with the prevention program
f these costs happen after the participant joined Medi-
are. The private payer would require that a return on
he investment is realized before the participant turns
ge 65 years, which implies a timeframe of only 15 years
or participants who start the program at age 50 years,
nd only 10 years for those who start at age 55 years. For
nstance, for 50-year-old women with high fat intake, the
CER is $66,059/QALY, an incremental cost that is not

Table 5. Sensitivity analysis for the Women
Modification Trial cost-effectiveness

Group Total cost Effecti

20% reduction in direct costs
Comparison $44,100 15.841
Intervention $44,934 15.926
0% discount rate
Comparison $74,333 25.226
Intervention $73,745 25.414
5% discount rate
Comparison $33,352 12.371
Intervention $35,041 12.424
Half of the hourly wage to measure oppo
Comparison $44,100 15.841
Intervention $44,949 15.926
6 participants/group and 228 participants
Comparison $44,100 15.841
Intervention $47,315 15.926

aICER�incremental cost-effectiveness ratio.
bCI�confidence interval.
cQALY�quality-adjusted life years.
xpected to be recovered by cost-sharing strategies such d
s charging participation fees or higher insurance co-
ayments. On the other hand, decision makers following
he societal or Medicare perspective are not bound by the
ge 65 years deadline and they can/should assume a
onger timeframe, until the expected end of life for par-
icipants. The WHI-DM is an example of a prevention
trategy that is cost-effective to society, but does not have
positive short-term financial return for private payers

39). Methods to shift private health care payers’ perspec-
ives would probably require a change in Medicare law, to
llow Medicare to pay some of the intervention costs
uring the 15-year period before participants reached age
5 years (10). Some of the features of the Patient Protec-
ion and Affordable Care Act, enacted on March 23, 2010,
nd discussed below, might change private payer per-
pective concerning preventive programs similar to the
HI-DM, especially the requirement that qualified

ealth plans should provide preventive services rated
ighly by the US Preventive Services Task Force.
Although designed as a clinical trial, the WHI-DM is

ighly appropriate to serve as the basis for public health
nterventions. The sample of participants represented the
opulation more likely to benefit from a lower-fat diet (1),
esides being much larger than the typical clinical trial
ample (46). Enrollment of racial/ethnic minority groups
roportionate to the total minority population of women
etween ages 50 and 79 years was a high priority of the
rogram. These special efforts overcome the usual under
epresentation of minority groups in randomized con-
rolled trials (47). The WHI study also had a much longer
ollow-up where the treatment effects were tracked in a
ore realistic period than the typical clinical trial of

reventive interventions (44). The main limitation of this
tudy is that it relies on the specific features of the
HI-DM study and, strictly speaking, the cost-effective-

ess only pertains to interventions that follow identical

lth Initiative Randomized Controlled Dietary

ss ICERa (95% CIb)

Ysc

Ys $9,873/QALY (4,591-15,902)

Ys
Ys �$3,083/QALY (�5,949-123)

Ys
Ys $31,939/QALY (22,124-43,890)
ty cost
Ys
Ys $10,050/QALY (3,928-17,033)

Ys
Ys $38,034/QALY (26,159-51,415)
’s Hea

vene

QAL
QAL

QAL
QAL

QAL
QAL

rtuni
QAL
QAL
/site
QAL
QAL
esign. In particular, the specific design of the medical
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6

utrition therapy program offered by Medicare does not
llow for a direct application of the ICERs presented
bove to this strategy. Specifically, the medical nutrition
herapy benefit covers 3 hours of one-on-one counseling
ervices with a registered dietitian or a qualified dietetics
ractitioner during the first year, and 2 hours each year
fter that if the nutrition therapy service is prescribed by
physician (48). This delivery method is quite distinct

rom the one used in the WHI-DM, which relies on more
requent sessions—18 in the first year—delivered to groups
f participants. Nonetheless, the research indicates the ben-
fit and cost-effectiveness of a low-fat diet intervention and
t provides guidance to future applications.

Our cost-effectiveness analysis included only breast
nd ovarian cancer as the outcomes of interest because
hese were clearly established clinic benefits of the

HI-DM intervention. Other outcomes of the dietary
odification trial were studied: colorectal cancer (49),

ardiovascular disease (50), and cancer of the endome-
rium (3). The low-fat dietary intervention did not influ-
nce the incidences of colorectal cancer and stroke and it
ad no significant effect on the incidence of coronary heat
isease and cancer of endometrium. Tinker and col-
eagues (51) indicated that the low-fat dietary pattern
mplemented in the WHI-DM showed no evidence of re-
ucing diabetes risk after 8.1 years. For this reason, these
utcomes are not included in our analysis. The interven-
ion aimed to change diet patterns but did not encourage
eight loss or energy reduction. Nevertheless, Howard
nd colleagues (52) reported that women in the interven-
ion group lost weight during the first year (mean of 2.2
g) and maintained lower weight than control women
uring an average 7.5 years of follow-up (difference 1.9 kg
t 1 year and 0.4 kg at 7.5 years). This modest weight loss
s not expected to yield any significant health benefit.

Some of the features of the Patient Protection and
ffordable Care Act, enacted on March 23, 2010, have

mplications to the findings of this analysis. The act pro-
ides some emphasis to cost and premium reductions,
specially upon the implementation of health insurance
xchanges in 2014 (53). The act establishes the Patient-
entered Outcomes Research Institute to identify re-
earch priorities and conduct research that compares the
linical effectiveness of medical treatments, although
ost-effectiveness is not explicitly mentioned. The more
elevant features are the series of programs focused on
revention, including the National Prevention, Health
romotion, and Public Health Council, to coordinate fed-
ral prevention, wellness, and public health activities;
revention and Public Health Fund to expand and sus-
ain funding for prevention and public health programs;
he task forces on Preventive Services and Community
reventive Services to develop, update, and disseminate
videnced-based recommendations on the use of clinical
nd community prevention services; the Prevention and
ublic Health Fund for prevention, wellness, and public
ealth activities, including prevention research and
ealth screenings; the grant program to support the de-

ivery of evidence-based and community-based preven-
ion and wellness service; the provision to eliminate cost-
haring for Medicare-covered preventive services that are
ecommended (rated A or B) by the US Preventive Ser-

ices Task Force and the similar provision to provide F

4 January 2011 Volume 111 Number 1
ncentives for states to eliminate cost-sharing for Medic-
id-covered preventive services; to authorize Medicare
overage of personalized prevention plan services; to pro-
ide incentives to Medicare and Medicaid beneficiaries to
omplete behavior modification programs; to require
ualified health plans to provide at a minimum coverage
ithout cost-sharing for preventive services rated A or B
y the US Preventive Services Task Force; and additional
reventive care and screenings for women (54). The re-
ults of this cost-effectiveness analysis receive additional
mportance in this new health care context and they
hould receive specific consideration as these preventive
rograms are implemented.

ONCLUSIONS
he WHI-DM is a cost-effective strategy for the preven-
ion of breast and ovarian cancer for the two groups in the
arget population of this study: women consuming
36.8% of energy from fat at baseline, and women at high

isk for breast cancer consuming �32% of energy from fat
t baseline, from both societal and Medicare perspectives.
he intervention is not cost-effective from a private
ealth care payer perspective.
The cost-effectiveness analysis of the WHI-DM pro-

ram assumes that a similar intervention could be imple-
ented elsewhere and that similar outcomes would be

chieved. Public health institutions, including govern-
ent agencies, should consider the favorable ICERs re-

orted here for decisions concerning preventive services
nitiatives and for recommendations about a lower-fat
iet as a preventive strategy for breast and ovarian can-
ers for women with similar profiles as the target popu-
ation used in this study. Likewise, Medicare should con-
ider expanding the medical nutrition therapy program
o include women with high fat intakes or high risk for
reast cancer. Researchers are encouraged to use cost-
ffectiveness analysis in the identification of beneficial
utrition interventions and, more broadly, beneficial pre-
entive programs.
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