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ost Effectiveness of Community-Based Physical
ctivity Interventions

arissa Roux, MD, MPH, PhD, Michael Pratt, MD, MPH, MS, Tammy O. Tengs, ScD, Michelle M. Yore, MSPH,
eri L. Yanagawa, MKin, MBA, Jill Van Den Bos, MA, Candace Rutt, PhD, Ross C. Brownson, PhD,
enneth E. Powell, MD, MPH, Gregory Heath, DHSc, Harold W. Kohl III, PhD, Steven Teutsch, MD, MPH,

ohn Cawley, PhD, I-Min Lee, ScD, MD, Linda West, MSPH, David M. Buchner, MD, MPH

ackground: Physical inactivity is associated with the increased risk of many chronic diseases. Such risks
decrease with increases in physical activity. This study assessed the cost-effectiveness of
population-wide strategies to promote physical activity in adults and followed disease
incidence over a lifetime.

ethods: A lifetime cost-effectiveness analysis from a societal perspective was conducted to estimate
the costs, health gains, and cost-effectiveness (dollars per quality-adjusted life year [QALY]
gained, relative to no intervention) of seven public health interventions to promote
physical activity in a simulated cohort of healthy U.S. adults stratified by age, gender, and
physical activity level. Interventions exemplifying each of four strategies strongly recom-
mended by the Task Force on Community Preventive Services were evaluated: community-
wide campaigns, individually adapted health behavior change, community social-support
interventions, and the creation of or enhanced access to physical activity information and
opportunities. Each intervention was compared to a no-intervention alternative. A system-
atic review of disease burden by physical activity status was used to assess the relative risk of
five diseases (coronary heart disease, ischemic stroke, type 2 diabetes, breast cancer, and
colorectal cancer) across a spectrum of physical activity levels. Other data were obtained
from clinical trials, population-based surveys, and other published literature.

esults: Cost-effectiveness ratios ranged between $14,000 and $69,000 per QALY gained, relative to
no intervention. Results were sensitive to intervention-related costs and effect size.

onclusions: All of the evaluated physical activity interventions appeared to reduce disease incidence, to
be cost-effective, and—compared with other well-accepted preventive strategies—to offer
good value for money. The results support using any of the seven evaluated interventions
as part of public health efforts to promote physical activity.
(Am J Prev Med 2008;35(6):578–588) © 2008 American Journal of Preventive Medicine
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hysical inactivity is a global public health prob-
lem, and has been identified as a national public
health priority.1–3 There is clear evidence to link

hysical inactivity with an increased risk of many chronic
iseases, including coronary heart disease (CHD), ische-
ic stroke, type 2 diabetes, breast cancer, and color-

ctal cancer.1–3 The negative health effects of physical
nactivity are paralleled by staggering economic conse-
uences: the annual cost directly attributable to inac-
ivity in the U.S. is an estimated $24 billion–$76 billion,
r 2.4%–5.0% of national healthcare expenditures.4–6

Fortunately, modest increases in physical activity
ave the potential to produce substantial health bene-
ts.7 Further, systematic reviews of population-based

nterventions to promote health and prevent disease
ave provided strong evidence that public health ef-
orts can successfully increase physical activity.8,9 It

0749-3797/08/$–see front matter
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ppears that sustained physical activity initiatives could
ake substantial contributions to the control of chro-

ic diseases. However, the potential benefits of physical
ctivity promotion have not yet been fully realized, and
he majority of adults in the U.S. (54.1%) do not
ngage in sufficient physical activity to meet public
ealth recommendations.10 This situation presents an

mportant opportunity to evaluate the merits of com-
eting physical activity promotion strategies and to
evelop effective public health policy. The need for
ecision making in an environment of uncertainty,
carcity, and competing priorities makes the use of
ost-effectiveness analysis (CEA) attractive for public
ealth planning.
These analyses attempt to answer the question How

uch health improvement can be gained when an intervention
s compared, dollar for dollar, with an alternative? Rather
han promoting cost savings, the goal of CEA is to
etermine how money can be spent with maximum
ublic health benefit. Decision-analytic models have
een used routinely to guide important public health
olicy decisions, from airbag regulation in motor vehi-
les and the widespread use of pneumococcal vaccine
n older adults11,12 to the improvement of cervical
ancer screening practices globally.13 Models have also
een used to influence clinical practice guidelines for
ardiovascular disease prevention14,15 and to promote
ational anti-tobacco education efforts.16 Markov mod-
ls, which consider probabilistic events over time, are
articularly well-suited to evaluate population-based
ealth promotion efforts and to examine outcomes
ver an extended period of time.
The purpose of this study was to evaluate the cost-

ffectiveness (dollars per quality-adjusted life year [QALY]
ained) of seven exemplar interventions to increase
hysical activity, relative to no intervention, as well as to
ollow disease incidence over a lifetime. This study is
he first to integrate the best available epidemiologic
nd intervention data on physical activity into a CEA of
he most promising public health interventions for
hysical activity promotion.

ethods

he CDC Measurement of the Value
f Exercise (MOVE) Model

comprehensive, flexible, state-transition Markov model was
eveloped from a societal perspective to estimate the lifetime
osts, health gains, and cost-effectiveness of population inter-
entions that promote physical activity among U.S. adults.
ost-effectiveness is defined as the ratio of incremental costs
dollars) to incremental QALYs. The incremental cost is the
ifference between the total expected cost of the intervention
nd the total expected cost of no intervention. Incremental
ALYs are the difference between the total expected QALYs

ssociated with the intervention and the total expected

ALYs with no intervention. The performance of interven- s

ecember 2008
ions evaluated by this model was measured using the cost-
ffectiveness ratio (dollars per QALY gained). The Guide to
ommunity Preventive Services (Community Guide), an evidence-
ased review of physical activity promotion, strongly recom-
ends four strategies for adults: community-wide campaigns,

ndividually adapted health behavior change, social-support
nterventions in community settings, and the creation of or
nhanced access to places for physical activity combined with
nformational outreach activities.8 Exemplar interventions
epresenting each of these strategies were selected for the
odel (discussed below in Interventions).

tudy Design

he simulation was started with a closed cohort the size of the
.S. adult population aged 25–64 years in 2004. The cohort
as stratified by age, gender, and level of physical activity. At

he beginning of the model, it was assumed that all cohort
embers were well, which was defined as the absence of five

iseases: CHD, ischemic stroke, type 2 diabetes, breast cancer,
nd colorectal cancer. These are the diseases for which the
trongest evidence exists associating regular physical activity
ith lower disease risk.3,17 Because of the complex relation-

hip between physical activity and obesity, the status of obesity
s an intermediate variable along the pathways to disease, and
he potential to double-count costs, obesity was not included
s a disease outcome in this model. However, the model
ohort is based on the 2003 Behavioral Risk Factor Surveil-
ance Survey (BRFSS) and is representative of the population
revalence of overweight (37.9%) and obesity (25.2%).18 The
odel then simulates the progression of the cohort as they

hange activity levels or develop illness over a lifetime. The
ikelihood of changing physical activity levels, developing
isease, or dying is specified with probabilities.
Immediately following the 1-year physical activity promo-

ion intervention, cohort members faced intervention-specific
robabilities of improving their physical activity levels. Then,
epending on the sustainability of the intervention effect, in
ubsequent years cohort members had an annual probability
f either remaining in the new physical activity level or moving
o a lower activity level. In the absence of the intervention, the
hange in physical activity levels from year to year was based on
natural history model, developed from age- and gender-

pecific physical activity data from the BRFSS.18 Among the
ell, the risk of developing one of the five diseases depends
n age, gender, and activity level. The risk of death depends
n age, gender, and disease status. Thus, the ten states re-
resented in the model constitute the four activity levels
mong the well, the five physical activity–related diseases, and
eath. Because there are insufficient published data describ-

ng differential mortality risk by both physical activity level
mong diseased adults and race/ethnicity, these factors were
ot included in this model. A schematic of the model is
hown in Figure 1.

ata Sources

opulation demographics. Data on age and gender distribu-
ion of the initial population19 were obtained from the U.S.
ensus Bureau (Table 118–35). Based on the public health
hysical activity recommendations of CDC and the American
ollege of Sports Medicine,7 the baseline population for this
tudy’s model was further divided into four levels of physical

Am J Prev Med 2008;35(6) 579
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ctivity (inactive, irregularly ac-
ive, sufficiently active to meet
ublic health recommenda-
ions, and highly active) by age
nd gender, using data from
he 2003 BRFSS18 (Table
36,37). The BRFSS does not
nclude questions that allow
urther stratification of the
tarting population by the five
iseases included in this
odel.

nterventions. Seven interven-
ions studies were chosen; they
re described in the Appen-
ix.38–44 Six strongly recom-
ended exemplar interven-

ions for the public health
romotion of physical activity
mong adults were selected
rom those reviewed and cate-
orized by the Task Force on
ommunity Preventive Ser-
ices (the Task Force). They
ealt with the four strategies
ecommended for adults: com-
unity-wide campaigns, indi-

idually adapted health be-
avior change, social-support

nterventions in community
ettings, and the creation of
r enhanced access to places
or physical activity combined
ith informational outreach
ctivities. A seventh, newer in-
ervention study was added to
etter represent community-
ide campaigns.38 – 44 Crite-
ia for inclusion were (1) a
ontrolled study of adult sub-
ects without established dis-
ase, (2) a detailed study pro-
ocol available for costing,
3) the availability of a physical
ctivity outcome measure, and
4) a study duration of 3 months
r longer. Excluded were inter-
entions that did not provide baseline and post-intervention
ffect-size data or a reference group, did not report a measur-
ble effect-size metric, or reported one that was not amenable to
onversion to the metric used in this model.

isease. To estimate the annual probability of developing
ach disease, population-based, disease-specific incidence
ata22–27 were combined with relative risks derived from
pidemiologic studies, specific for physical activity level and
isease (Table 1).6,28,29

The median relative risk of each disease among people in
he lowest activity level (inactive) compared with the highest
evel (highly active is approximately equivalent to �2000 kilocalo-
ies [kcal] per week), not controlling for medical conditions

Figure 1. Conceptual over
process represented as a s
health states, and arrows re
each cycle of the Markov
people within a particula
curvilinear arrows to and fr
is an absorbing state from
Markov process is depicted
benefits generated during
MOVE, measurement of th
hat are consequences of physical inactivity, including obesity, E

80 American Journal of Preventive Medicine, Volume 35, Num
as obtained from a review of 120 studies.6 The relative risk
or ischemic stroke versus all stroke was adjusted based on
ata from a large cohort study.29 To estimate the relative risk
or the two intermediate physical activity levels, linear inter-
olation, assuming a dose–response relationship, was
sed.17,45,46

ortality. A common method was used to estimate the
nnual probability of death, conditioned on having a partic-
lar disease, for each 5-year age group and gender. In
ddition to disease-specific prevalence data,25,27,33–35 data
rom the 2002 National Vital Statistics Reports were used to
stimate the annual probability of death in people with CHD,
schemic stroke, or type 2 diabetes, while the Surveillance

f the CDC MOVE model. Illustration of the 10-state Markov
ansition diagram. In this process, circles represent possible
nt allowed transitions among these discrete health states. In
l, transition probabilities denote the likelihood with which
lth state will stay in that state (represented by the tight
single circle); transition to a new health state; or die. Death
h no future transitions are possible. The output from the
he box; a running tally of the total costs and quality-of-life
cycle as a result of being in a series of health states over time.
ue of exercise
view o
tate-tr
prese
mode
r hea
om a
whic
by t

each
pidemiology and End Results database was used to estimate

ber 6 www.ajpm-online.net
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he annual probability of death from breast or colorectal
ancer (Table 1).30–32,45 To estimate the annual probability
f death for well adults, available mortality data,47 excluding
isease-specific death rates for the five modeled diseases, were
djusted for age group and gender.

uality of life. Quality-of-life (QOL) data were obtained for
ll disease and activity states from new analyses of the 2001
ational Health Interview Survey, using previously validated

cales for quality of well-being (QWB) widely accepted for
ssessing health-related QOL.48–51 Multiple regressions to
stimate QOL as a function of age, gender, disease, and
hysical activity level were performed (Table 352).

osts. Through direct communication with the authors of
riginal investigations in combination with a review of manu-
cript protocols, each original intervention was itemized to
etermine all associated costs. In addition to the cost of
aterials and intervention delivery, out-of-pocket expenses

aid by participants—such as required exercise clothing and
quipment—were estimated. Participants’ time was also val-
ed as a cost, using age- and gender-specific wages.53 For the
nhanced-access intervention,40 the costs associated with de-
eloping and maintaining the infrastructural components
ere included (e.g., physical activity facilities, trails; Table 3).
To derive medical cost estimates, a longitudinal medical

able 1. Sources of data used in the CDC MOVE physical
ctivity policy model

arameter Source

.S. population by age and gendera 19

.S. population by physical activity levela 18
hysical activity
Probabilities for moving among levels by age

group and genderb
18

Maintenance of a particular physical activity
level

20,21

isease incidence
Coronary heart disease 22
Ischemic stroke 23,24
Type 2 diabetes 25,26
Breast cancer 27
Colorectal cancer 27

R of disease by physical activity levelc

Coronary heart disease (RR for
inactive�1.5)

6,28

Ischemic stroke (RR for inactive�1.3) 29
Type 2 diabetes (RR for inactive�1.7) 6,28
Breast cancer (RR for inactive�1.3) 6,28
Colorectal cancer (RR for inactive�1.6) 6,28
isease-specific mortality by physical activity

level, age group, and gender
25,27,30–35

Hypothetical cohort of 100,000 U.S. adults defined by gender and
ge distribution from U.S. Census Bureau and physical activity level
istribution of 2003 BRFSS data, using predefined cut points
These probabilities are conditional, and represent the probability of
ransitioning to another age, gender, and physical activity group
iven that an individual is already in a particular age, gender, and
hysical activity group.
Relative risk values are non–gender-specific, do not control for BMI,
nd are a linear interpolation across physical activity levels, with the
ost active group set as the reference group with a RR of 1.0.
RFSS, Behavioral Risk Factor Surveillance Survey; MOVE, measure-
ent of the value of exercise; RR, relative risk
laims database52 was used to analyze claims for the five
m
b

ecember 2008
isease states by ICD-9 codes. From these costs, the effective
nnual cost was calculated for each of the diseases over a
ifetime. An annual medical inflation factor of 8%54 was
pplied, and the costs were discounted back to the present at
% per year.55 To improve national representativeness,
edical-claims data were adjusted using Medical Expenditure

anel Survey data (Table 3).56

odeling the Effect of Interventions

he four physical activity levels were characterized, using the
ET-minutes per week, which captures the intensity, dura-

ion, and frequency of physical activity (Table 2). One MET
epresents the metabolic rate equivalent to consuming 3.5
illiliters of oxygen per kilogram of body weight per minute,

nd is equivalent to a resting metabolic rate.37 One thousand
ET-minutes per week of physical activity is roughly equal to

0 minutes per day of brisk walking at an intensity of 3.5
ETs.36

To estimate the probability of moving to a higher physical
ctivity level after intervention, intervention-specific MET-
inutes were added to current levels, and the percentage of

he cohort that moved from one level of physical activity to
nother as a result of an intervention was noted. This
ercentage was then used as a transition probability. For
xample, if adding a certain number of MET-minutes per
eek to all members of the inactive group caused 25% of

hem to move up to the irregularly active group, then the
robability of moving from inactive to irregularly active was
stimated as 0.25 in the first year following the intervention.
ntervention effect-size estimates are shown in Table 3.

The impact of an intervention was assumed to decline after
he intervention had ended, and the decline in maintenance
f physical activity levels over time was modeled based on the

imited data from the research literature on the long-term
aintenance of increased physical activity resulting from

nterventions.20,21 For all of the interventions, with the excep-
ion of the enhanced-access intervention,40 a 50% decline in
hysical activity in Year 2 was modeled. For the enhanced-

able 2. Distribution of original U.S. population cohort
ged 25–64 years across physical activity levels

hysical activity
evel

MET-min/
wk rangea

Cohort frequency
distribution (%)

Men Women

nactiveb 0–150 18.3 21.7
rregularly activec 151–855 29.1 38.1
eets CDC
recommendationsd

856–2280 28.4 24.7

ighly activee �2280 24.3 15.5

1000 MET-minutes per week of physical activity is roughly equal to
0 minutes per day of brisk walking at an intensity of 3.5 METs.36 One
ET represents the metabolic rate equivalent to consuming 3.5
illiliters of oxygen per kilogram of body weight per minute and is

quivalent to a resting metabolic rate.37

�10 minutes of physical activity per week
�10 minutes per week of physical activity, but � recommended
�30 minutes (but �60 minutes) of moderate physical activity on 5
r more days a week, or �20 minutes vigorous physical activity on 3
r more days a week, or both
�60 minutes of moderate physical activity on 7 days a week, or �20

inutes of vigorous physical activity on 5 or more days a week, or

oth

Am J Prev Med 2008;35(6) 581
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able 3. Select model parameters

Value

NTERVENTION-SPECIFIC PARAMETERS

Effect size at 1
year

(MET-min/wk)

1-year per-
person costsa

(2003 $U.S.)

ntervention Strategy Men Women Men Women Source

tanford Five-City Project (see Appendix for description) Community-wide
campaign

50 32 1395 1239 44

heeling Walks (see Appendix for description) Community-wide
campaign

316 316 1837 1618 43

se of organized walking groups, social gatherings, phone
calls, cards, home visits, and a newsletter to enhance
physical activity compliance and promote physical activity

Social support 228b 275 2554 2308 39

nitial training session involving walking maps and handouts
on strategies and support (walking partner/walking
group) for starting and maintaining a walking program;
frequency and duration of phone calls varied to prompt
participants to walk

Social support 210 210 1583 1504 41

se of personal trainers, standard behavior therapy sessions,
financial incentives, and phone calls to prompt
participants to increase physical activity

Individually adapted
behavior change

456 551 4070 3895 38

ntensive lifestyle modification program for adults at high
risk of developing type 2 diabetes (see Appendix for
description)

Individually adapted
behavior change

435 435 4673 4673 42

xposure to an environment that emphasized and
supported a more active lifestyle (see Appendix for
description)

Enhanced access 954.3 1151.7 5308 4646 40

Value

Source

ISEASE-SPECIFIC PARAMETERS
Annual per-person medical costsc

(2003 $US)

isease Men Women

oronary heart disease 10,800 12,500 52
schemic stroke 12,900 17,700
ype 2 diabetes 8,900 10,900
reast cancer N/A 11,000
olorectal cancer 15,300 16,600
ell (absence of the five diseases) 2,500 3,100

Quality of well-being scored (age-specific)

Men (aged 40) Women (aged 40) Source

oronary heart disease 0.647 0.623 48,49
schemic stroke 0.599 0.599
ype 2 diabetes 0.663 0.650
reast cancer 0.734 0.686
olorectal cancer 0.672 0.691
ell (absence of the five diseases): inactive 0.806 0.791
ell (absence of the five diseases): irregularly active 0.810 0.796
ell (absence of the five diseases): meeting public
health physical activity guidelines

0.820 0.807

ell (absence of the five diseases): highly active 0.829 0.818

Considered direct medical, direct nonmedical, and time costs as a function of age group for each exemplar intervention. Direct medical costs
ncluded staff labor wages, provider fees, and laboratory or monitoring test fees. Direct nonmedical costs captured costs associated with
ducational materials, physical activity monitoring devices, and participant out-of-pocket expenses. Time costs, where applicable, represented the
onetary value of time spent participating in the intervention. The values shown are for the group aged 40–49 years.

Estimated for men and adjusted for average body weight
Longitudinal database from a major claims processor in the central U.S. The database contains 7 years of data and a stable population of approximately
50,000 members. Effective annual cost includes the entire stream of costs for each illness, including the lead-in costs in the years prior to diagnosis.
o improve the generalizability of cost estimates, they were adjusted by nationally representative Medical Expenditure Panel Survey data.
Quality-of-life (QOL) data by disease state, physical activity level, age, and gender were obtained from mean 2001 National Health Interview
urvey–imputed quality of well-being (QWB) scores. Multiple regression equation for individuals with disease: QOL � B0 � B1 �Gender� � B2

Age� � B �Age2� � 5 B �Disease i�. Multiple regression equation for well people: QOL � B � B (Gender) � B (Age) � B (Age2) � B
3 �i�1 �i�3� 0 1 2 3 4
MET-minutes).

82 American Journal of Preventive Medicine, Volume 35, Number 6 www.ajpm-online.net
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ccess study, a 33% decline was modeled, because the envi-
onmental enhancements persisted long after the interven-
ion had ended.

Following the substantial decline (33%–50%) in physical
ctivity modeled post-intervention, in Year 2, cohort members
ere transitioned into a natural-history model, which models

he general decline in physical activity that occurs with
ge.3,10,57 Thus each year participants faced gender- and
ge-specific probabilities of moving to a lower level or remain-
ng at the same physical activity level.

stimating Cost Effectiveness

he cost effectiveness of each intervention was estimated,
sing methods consistent with the guidelines established by
he Panel on Cost-Effectiveness in Health and Medicine.55

he model was used to project lifetime costs as well as gains
n both life-years (survival) and QALYs associated with the
even evaluated physical activity promotion interventions and
ith the no-intervention scenario. Consistent with the panel’s
ecommendations, the societal perspective was adopted, and
uture costs and benefits were discounted to the present at an
nnual rate of 3%.55 The average relative performance of
ach intervention was assessed compared to no intervention,
sing a ratio of the additional expected cost of each program
ivided by the additional expected QALYs gained relative to
he no-intervention alternative. The number of cases of
isease averted was also estimated. To determine the robust-
ess of the final results, sensitivity analyses were conducted.
hese simulations included one-way, two-way, and probabilis-

ic sensitivity analyses, with particular emphasis on interven-
ion effect size and cost estimates. Last, as a form of model
alidation, a parallel model that substituted all-cause mortal-
ty for disease-specific mortality was developed.

esults
verage Cost Effectiveness

stimates of the population health and economic out-
omes associated with each intervention are shown in
able 4. Summarized are the average costs, effective-
ess, and cost-effectiveness ratios associated with a
ne-time application of each physical activity promo-

able 4. Cost effectiveness of each intervention compared to

tudy Intervention strategy
Total cost
(2003 $US)

No intervention 195,013
eger (2002)43 Community-wide campaign 195,713
ombard
(1995)41

Social support 195,725

inenger
(1991)40

Enhanced access 197,925

effery (1998)38 Individually adapted
health behavior

196,918

riska (1986)39 Social support 196,244
nowler (2002)42

(DPP)
Individually adapted

health behavior
197,734

oung (1996)44 Community-wide campaign 195,973
ote: Values are rounded to no more than three decimal places.
PP, Diabetes Prevention Program; Inc, incremental; LY, life-year; QALY,

ecember 2008
ion intervention relative to no intervention. Results are
umulative over a 40-year time-horizon for the whole
.S. population, aged 25–64 years, but average per-
erson values are reported here. Absent any new inter-
ention to improve physical activity levels (by natural
istory), the average discounted quality-adjusted life
xpectancy was calculated to be 14.77 years, and life-
ime costs were approximately $195,000. Intervention
articipation improved average QALYs by 0.7 to 5.3
eeks (i.e., equivalent to 0.014–0.102 QALYs in Table
), with the Linenger40 intervention yielding the great-
st gain in QALYs compared to no intervention.
Cost-effectiveness ratios ranged between $14,000 and

69,000 per QALY gained. In one example, the Lom-
ard intervention41 (one of the social-support strate-
ies) increased quality-adjusted life expectancy by 14.79
ears and cost $27,370 per QALY gained relative to no
ntervention. In another case,42 also in comparison with
o intervention, the physical activity component of the
iabetes prevention trial (an individually adapted health
ehavior–change strategy) had a cost-effectiveness ratio
f $46,910 per QALY gained. All interventions ap-
eared to reduce disease incidence: reductions ranged
rom 5–15 cases per 100,000 for colorectal cancer, to
5–58 cases per 100,000 for breast cancer, to 59–207
ases per 100,000 for type 2 diabetes, and to as many as
40–476 cases per 100,000 for CHD. The impact of
nterventions on the prevention of ischemic stroke (which
ften occurs later in life) did not follow the trend of
isease-incidence reduction, probably because the model
ermitted the development of only one illness and be-
ause interventions increased longevity.

ensitivity Analyses

everal assumptions were varied in a one-way sensitivity
nalysis. Repeating the intervention once after 20 years
ad a small effect on cost-effectiveness (results not

ntervention

al Total
QALY

Inc
cost

Inc
LYs

Inc
QALY

Cost/LY
($/LY)

Cost/QALY
($/QALY)

70 14.767 — — — — —
01 14.816 $700 0.031 0.049 22,654 14,286
87 14.793 $712 0.016 0.026 43,663 27,373

33 14.869 $2,912 0.063 0.102 46,442 28,548

10 14.831 $1,905 0.040 0.064 48,096 29,759

89 14.798 $1,230 0.019 0.031 65,447 39,690
06 14.825 $2,721 0.036 0.058 75,583 46,914

79 14.781 $960 0.009 0.014 110,322 68,557
no i

Tot
LYs

19.3
19.4
19.3

19.4

19.4

19.3
19.4

19.3
quality-of-life year
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hown). Similarly, varying the dissipation of the effect sizes
f the interventions had a marginal impact.
Shortening the analytic time-horizon from 40 to 30,

0, or 10 years influenced cost-effectiveness substan-
ially. For example, while the Lombard intervention41

ad a cost per QALY of $27,000 over the original 40-year
ime-horizon, it had a cost per QALY of $147,000 over
10-year horizon.
To assess the impact of uncertain intervention cost and

ffect-size parameter estimates on uncertainty in cost-
ffectiveness, a probabilistic sensitivity analysis (Monte
arlo analysis) was performed.55 When running this
nalysis, a distribution of 600 ratios drawn from the
nderlying distributions of costs and effect sizes was
btained.
Using the distributions from this analysis, the prob-

bility was assessed that the cost-effectiveness of each
ntervention was below various thresholds that are
ommonly used to determine whether interventions
rovide good value for money. Results are shown by the
cceptability curves in Figure 2. For example, there is a
5% chance that the cost per QALY of the Young
ntervention44 is less than $50,000 per QALY, a com-

only used benchmark of cost-effectiveness.58 Like-
ise, using $200,000 per QALY as a more contemporary

hreshold, given that many widely accepted public
ealth initiatives have cost-effectiveness ratios exceeding

his value,58 there is 100% chance (i.e., all 600 randomly
elected pairs of costs and effect sizes produced cost-
er-QALY estimates below $200,000) that the associated
ost per QALY falls below it, suggesting that this interven-
ion is cost effective, or acceptable. Thus, despite model
arameter and resultant cost-per-QALY ratio uncertainties, it

s likely that this intervention is an acceptable use of

0.0
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0.2

0.3

0.4
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ro
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Cost per QALY ($)
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igure 2. Results from probabilistic sensitivity analyses: ac-
eptability curves representing variation of intervention costs
nd effect sizes
ocietal resources. c
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onclusion

ll of the evaluated physical activity interventions were
ound to be cost-effective and offered good value for

oney, with gains in both survival and health-related
OL, and with reasonable cost-per-QALY and cost-
er-life-year ratios. These results support using any of

he seven evaluated interventions as part of public
ealth efforts to promote physical activity. Factors specific
o implementing interventions within a given strategy
nd setting may introduce greater variability in cost-
ffectiveness than exists among strategies. The re-
ults do not suggest that any one of these recom-
ended interventions is clearly more cost-effective

han the others. Interestingly, even the most complex
nd expensive intervention (the physical activity com-
onent of the diabetes prevention program) proved to
e cost-effective, suggesting that targeting high-risk pop-
lations with intensive interventions can be a good use of
ublic health funds.
Although comparisons of public health strategies eval-

ated by separate economic analyses should be under-
aken with caution, cost-effectiveness estimates of other
ell-known strategies provide context for these results.
isk-reduction counseling for CHD and targeted scree-
ing for type 2 diabetes cost $74,000 and $34,000 per
ALY gained, respectively.59,60 Further, both policy-
akers and the general public have reported being
illing to pay more than $200,000 per QALY for gains

n health.58 The physical activity promotion strategies
ssessed in this analysis compare favorably with other
ell-accepted public health strategies that are deemed

o be cost-effective.59–62

Although rigorous methodology was used to identify
nd incorporate data into the model, the sensitivity
nalyses were also revealing. Estimated cost-effectiveness
as most influenced by intervention cost and effect

ize. However, probabilistic sensitivity analyses revealed
hat varying parameter estimates across a wide range of
ncertainty still resulted in cost-effectiveness ratios be-

ow widely accepted thresholds for public health value.
Cost-effectiveness is also influenced by the time-

orizon over which the analysis is evaluated. Shorter
eriods of evaluation are associated with less-favorable
ost-effectiveness, suggesting that perspectives moti-
ated by short-term gains may not see as much benefit
rom increasing physical activity, which prevents longer-
erm morbidity and premature mortality. Specifically,
n the short term, upfront intervention costs that are
ess diluted by discounting outweigh the medical cost
avings due to diseases that occur late in life.

Cost-effectiveness analyses are often susceptible to
he design weaknesses and generalizability issues of
heir component studies, and analysts usually must

ake assumptions in model development. Incorporat-
ng additional detail into a model can help illustrate the

omplexity of reality, but a carefully validated parsimo-

ber 6 www.ajpm-online.net
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ious model is less susceptible to the inconsistencies,
mbiguities, and redundancies of a more complex
pproach.63 The strength of the current analysis lies in
he systematic way in which these issues have been
ddressed. The study design has emphasized the use of
he highest-quality data available from the fewest
ources necessary to create a valid, streamlined model.

Given that it is conceivable that more than one of the
valuated interventions could be simultaneously imple-
ented and that the intervention effect sizes of com-

ining two or more of these interventions remain
nknown in the literature, average cost-effectiveness
atios were reported. For completeness, incremental
nalyses (not reported) were performed. All of these
ssues are believed to be important foci for future
nalyses.

As with all models, several assumptions were neces-
ary to carry out this analysis. In each instance, the most
onservative and parsimonious approach was chosen.
ey assumptions are noted here.
Because this model focuses on prevention and a

ong-term societal perspective and is based on the
vailability of data, the starting population was defined
o be a cohort of well people aged 25–64 years. A
eparate analysis, not reported here, was conducted
pecifically for older adults. Due to limited data on
ace/ethnicity-specific disease outcomes and physical
ctivity and intervention effects, it was not possible to
xtend the model to assess the cost-effectiveness of
nterventions in subpopulations by race or ethnicity.

People not falling into one of the five disease cate-
ories of interest were considered to be members of the
ell population, as done in other models of behavior
hange and primary prevention.16 This assumption,
hile contributing to the model’s parsimony, probably
nderestimates the potential impact of physical inactiv-

ty on other important diseases. The results of an
lternate all-cause mortality model, which accounted
or the direct effects of physical activity on mortality
nd QOL, yielded slightly more cost-effective results
han the disease-specific model.

It was assumed that the lowest and highest physical
ctivity categories from the BRFSS matched the lowest
nd highest physical activity categories of the epidemi-
logic studies from which the associations between
hysical activity and the relative risk of disease are
erived. In general, the highest physical activity cate-
ory in epidemiologic studies involving men is approx-
mately 2000 kcals/week, slightly lower than this study’s
ighest category of 2280 MET-minutes per week. Most
pidemiologic studies involving women set lower thre-
holds for the highest physical activity category, so that
he use of the 2280 MET-minutes per week level is
onservative for men and extremely conservative for
omen.6

The BRFSS includes people with and without disease,

hile the entry cohort of this model is defined as well.

ecember 2008
t is possible that this biases the current sample toward
slightly larger percentage of the population’s being

edentary than would be expected from an entirely
ealthy one. However, additional analyses of physical
ctivity levels among self-reported diabetics and well
eople using 2003 BRFSS-weighted prevalences indi-
ate that the increase in sedentary people is only 1.2%.

In the main analysis, it was assumed that each interven-
ion was applied to the entire population, even though
ome of the interventions modeled (e.g., social-support or
ndividually adapted health behavior–change strategies)
re generally applied only to more-sedentary partici-
ants. Applying them to the whole population likely
esults in less-favorable cost-per-QALY estimates, given
hat people starting in the highest physical activity level
ccrue no further benefit in the model from increasing
hysical activity.
From the QWB analysis conducted, well people

ith higher levels of physical activity were found to
eport higher QOL levels than did well people who
ere less physically active. Given that these data are
ross-sectional, causality cannot be inferred. Unfor-
unately, there are no longitudinal, population-based
stimates for changes in QOL resulting from physical
ctivity interventions.
Cost-effectiveness analyses have been criticized for

sing utility values for the entire population instead of
hose specific to the subpopulation likely to choose the
reatment.64 This paper shares that limitation. One
pportunity for future research is to investigate how the

nputs into the CEA model (conditional disease and
ortality probabilities, and QWB) differ for likely in-

ervention participants relative to the general popula-
ion, and how use of the latter values affects the
stimates of cost-effectiveness.
The results of these analyses have several important

mplications for research and public health practice:

This study demonstrates that it is possible to carry
out complex prevention modeling of community-
based interventions using a decision-analytic ap-
proach previously focused on clinical analyses. The
complexity and rigor of this method must be care-
fully balanced with parsimony to ensure the clarity
and practicality of the results.
The modeling approach that was employed is a
useful adjunct to the rigorous evidence-based review
carried out by the Task Force to identify recom-
mended interventions for the Community Guide.
Careful interpretation, translation, and communica-
tion of both the methods and results will be required
if the potential of prevention modeling for guiding
public health decision making is to be fully realized.
Systematic reviews and CEA are important decision-
making tools for public health practitioners and
advocates.65,66 Yet for a majority of public health

interventions, reliable CEA data are lacking.67 How-

Am J Prev Med 2008;35(6) 585
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ever, these results demonstrate that community-
intervention strategies for physical activity are cost-
effective, suggesting that the widespread implemen-
tation of these four intervention strategies is justi-
fied. CEA results such as these should be applied in
context with information on program reach, effec-
tiveness, feasibility, and community priorities and
resources.68

This study applied high-quality data in a cost-
ffectiveness framework to extend the findings of the
ommunity Guide to decision making regarding the
llocation of societal resources. In taking a flexible,
omprehensive, and rigorous approach with input from
umerous health and economic sources, a new method
as emerged to bring fundamental population-level
esearch to life in setting health policy. The physical
ctivity promotion interventions evaluated in this anal-
sis provide good value for money. With few examples
f prevention modeling in the literature to date, the
esults of this study provide compelling evidence to
ncourage similar evaluations for other public health
revention strategies and settings, and clearly demon-
trate that these physical activity interventions should
e implemented at the population level.
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ppendix. Strategy and intervention descriptions

ommunity-wide campaign
Involves many community sectors in highly visible, broad-based, multiple-intervention approaches to increasing physical
activity
Communication techniques are a common element in all of the campaigns and are directed at large populations.
Addresses sedentary behavior as well as cardiovascular disease risk factors (diet and smoking)
Messages are in various media formats (e.g., radio, newspaper, mailings, billboards, paid advertisements, press releases),
and can be a combination of two or more of these approaches.
Interventions typically include some combination of social support, risk-factor screening, counseling, and education in a
variety of settings (e.g., worksites, schools).

uthor Description

oung
(1996)44

Stanford Five-City Project was a 6-year, integrated, community-wide multifactorial health education intervention
for improving physical activity (print materials, radio, TV, seminars, community walking events, worksite- and
school-based programs).

eger
(2002)43

Wheeling Walks was an 8-week intensive community-wide intervention that promoted walking among sedentary
adults aged 50–65 years using paid media (TV, radio, newspapers, websites, billboards); public relations; and
public health activities at worksites, churches, and local organizations.

ocial support
Interventions focus on changing physical activity behavior through building, strengthening, and maintaining social
networks that provide supportive relationships for behavior change.
Can be achieved either by creating new social networks or working within existing networks in a social setting outside the
family
Interventions typically involve setting up a buddy system, making a contract with others to achieve specified levels of
physical activity, or setting up walking or other groups to provide companionship and support while being physically
active.

uthor Description

riska
(1986)39

Use of organized walking groups, social gatherings, phone calls, cards, home visits, and a newsletter to
enhance exercise compliance and promote physical activity

ombard
(1995)41

After an initial training session involving walking maps and handouts on strategies and support (walking
partner or walking group) for starting and maintaining a walking program, the frequency and duration of
phone calls were varied to prompt participants’ walking.

ndividually adapted health behavior change programs
Programs are tailored to the individual’s readiness for change, specific interests, and preferences.
Teaches participants specific behavioral skills that enable them to incorporate moderate-intensity physical activity into daily
routines
Behaviors may be planned (scheduled walk) or unplanned (taking stairs when the opportunity arises).
Interventions use constructs from one or more established health behavior change models such as the social cognitive
theory, the health belief model, or the transtheoretical model of change.
All programs incorporate the following behavioral approaches: (1) setting goals for physical activity and self-monitoring
progress toward goals, (2) building social support for new behavioral patterns, (3) behavioral reinforcement through self-
reward and positive self-talk, (4) structured problem solving geared to maintenance of the behavior change, and (5) the
prevention of relapse into sedentary behaviors. All of the interventions evaluated were delivered to people either in group
settings or by mail, telephone, or directed media.

uthor Description

effery (1998)38 Use of personal trainers, standard behavior-therapy sessions, financial incentives, and phone calls to
participants to increase physical activity

nowler (DPP)
(2002)42

Intensive lifestyle-modification program for adults at high risk of developing type 2 diabetes, involving
exercise testing, written information, and individual counseling sessions; a 16-lesson curriculum
covering diet, exercise, and behavior modification; individual and group exercise sessions; and in-
person visits and phone calls to participants

nhanced access to places for physical activity combined with informational outreach activities
Interventions involved the efforts of worksites, coalitions, agencies, and communities to create or provide access to places
and facilities where people can be physically active (providing access to weight and aerobic fitness equipment in fitness
centers or community centers, creating walking trains, and providing access to nearby fitness centers).
Also incorporated components such as training on equipment, health behavior education and techniques, seminars,
counseling, risk screening, health forums and workshops, referrals to physicians or additional services, health and fitness
programs, and support or buddy systems

uthor Description

inenger
(1991)40

Exposure to an environment that emphasizes and supports a more active lifestyle (bike paths, extended fitness
facility hours, opening of a new fitness center, cycling clubs, marked running courses, organized athletic
events)
PP, Diabetes Prevention Program
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