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Abstract

Introduction
Physical inactivity, overweight, and obesity are associat-

ed with increased morbidity and mortality. The objective
of this study was to estimate the proportion of total health
care charges associated with physical inactivity, over-
weight, and obesity among U.S. populations aged 40 years
and older.

Methods
A predictive model of health care charges was developed

using data from a cohort of 8000 health plan members
aged 40 and older. Model cells were defined by physical
activity status, body mass index, age, sex, smoking status,
and selected chronic diseases. Total health care charges
were estimated by multiplying the percentage of the popu-
lation in each cell by the predicted charges per cell.
Counterfactual estimates were computed by reclassifying
all individuals as physically active and of normal weight
while leaving other characteristics unchanged. Charges
associated with physical inactivity, overweight, and obesi-
ty were computed as the difference between current risk
profile total charges and counterfactual total charges.

National population percentage estimates were derived
from the National Health Interview Survey; those esti-
mates were multiplied by the predicted charges per cell
from the health plan analysis.

Results
Physical inactivity, overweight, and obesity were associ-

ated with 23% (95% confidence interval [CI], 10%–34%) of
health plan health care charges and 27% (95% CI,
10%–37%) of national health care charges. Although
charges associated with these risk factors were highest for
the oldest group (aged 65 years and older) and for individ-
uals with chronic conditions, nearly half of aggregate
charges were generated from the group aged 40 to 64 years
without chronic disease.

Conclusion
Charges associated with physical inactivity, over-

weight, and obesity constitute a significant portion of
total medical expenditures. The results underscore the
importance of addressing these risk factors in all seg-
ments of the population.

Introduction

Physical inactivity, overweight, and obesity are strongly
associated with increased mortality and morbidity, includ-
ing cardiovascular disease, diabetes mellitus, degenerative
joint disease, depression, and cancer (1-5). The burden of
these adverse health risks has become apparent at both
the individual and the population levels (6).

The prevalence of overweight, obesity, and physical inac-
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tivity has heightened these risk factors as national public
health concerns. Recent reports have clearly documented
rapidly rising incidence and prevalence of overweight and
obesity in the U.S. population during the last four decades
(7). The percentage of U.S. adults with a body mass index
(BMI) of 30 or higher (i.e., obese) increased from 22.9%
(National Health and Nutrition Examination Survey
[NHANES] 1988–1994) to 30.5% (NHANES 1999–2000);
the percentage with a BMI of 25 or higher (i.e., overweight)
increased from 55.9% to 64.5% between the same two study
periods (8). Corresponding increases in weight have also
been documented in children (9).

The majority of the U.S. population is either completely
inactive or does not meet recommended levels of physical
activity. Overall physical activity levels for the country
measured by the Behavioral Risk Factor Surveillance
System (BRFSS) in 2000 indicate that 27.6% of the adult
population is completely inactive and 46.2% is insufficiently
active (10). Only 26.2% meet the recommended guidelines of
30 minutes of moderate activity at least 5 times per week or
at least 20 minutes of vigorous activity 3 times per week (3).
Physical activity behavior has remained relatively stable
over the past decade. In 1990, 24.3% of the population
engaged in recommended levels of physical activity; this
prevalence increased only slightly to 25.4% in 1998 (11).

Several studies have directly estimated annual health
care costs associated with overweight and obesity.
Thompson et al reported that overweight individuals had
10% higher costs than normal-weight individuals (although
this percentage was found not to be statistically significant);
obese individuals had 36% higher costs than normal-weight
individuals (12). Similarly, Quesenberry et al found that
overweight individuals had 25% higher health care costs
than normal-weight individuals and the extremely obese
had 44% higher costs than normal-weight individuals (13).
Sturm estimated that obesity was associated with 36%
higher inpatient and outpatient costs in a national survey of
adults aged 18 to 65 (14). Recently, Finkelstein et al used
individual-level national survey data and regression tech-
niques to estimate that 9.1% of total U.S. medical expendi-
tures can be attributed to overweight and obesity (15).

Studies have also estimated the health care costs associ-
ated with physical inactivity. Using National Medical
Expenditure Survey data from 1987, Pratt et al found that
physically inactive individuals had 24% higher health care
costs than active individuals (16). Pronk et al, using indi-

vidual-level health plan data, found that each additional
day of physical activity reduced median health care costs
by 4.7% and that each unit of BMI increased median
charges by 1.9% (17).

Previous research has often relied on aggregate model-
ing of costs, an approach that has significant drawbacks.
Few previous studies have analyzed individual-level
charges and risk-factor data, and fewer still have had the
capacity to adjust estimates for factors such as age, sex,
chronic disease, or smoking status. In this study, we apply
these more sophisticated methods and examine the joint
effects of physical inactivity, overweight, and obesity. The
consideration of joint effects of inactivity and overweight
are important because these factors are behaviorally and
physiologically intertwined; strategies to address either
issue must inherently take account of the other.

The objective of this study was to extend previous
research by estimating health care charges associated
with physical activity, weight, and obesity and reporting
associated charges at a health plan and the national pop-
ulation level. For modeling purposes, we describe the pop-
ulations using six characteristics: physical activity,
weight, chronic disease, smoking status, age, and sex. We
report charges associated with the risk factors by age, sex,
and presence of two major chronic diseases to gain a deep-
er understanding about patterns of expenditure and vari-
ation in the potential return on investment across differ-
ent subpopulations.

Methods

Health plan data

The study was conducted at HealthPartners, a
Minnesota health plan with both owned and contracted
clinics; the study was approved by the HealthPartners
Institutional Review Board. We used two sources of data:
1) data from a survey of HealthPartners members con-
ducted in 1995 and 2) data on survey respondents extract-
ed from administrative claims with dates of service
between January 1, 1996, and December 31, 1999.

Survey sample and procedures

All health plan members aged 40 and older who were
enrolled in the plan on December 15, 1994, were potential
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subjects (N = 200,145). The sample was comprised of
three strata of members: one group had been diagnosed
with none of four chronic conditions; a second group had
been diagnosed with one of four chronic conditions; and a
third group had been diagnosed with two or more of four
chronic conditions. The four conditions were selected
because of their impact on health care charges and their
frequency in the over-40 population: diabetes, heart dis-
ease, hypertension, and dyslipidemia. Conditions were
assigned to members based on 1994 administrative data
using International Classification of Diseases, Ninth
Revision, Clinical Modification (ICD-9-CM) coding and
pharmacotherapy databases. Further information on the
survey methods is available elsewhere (17).

From the group of potential subjects, a study population
was selected; the study population was composed of a
stratified random sample of 8000 individuals aged 40 and
older. From the 158,415 members with none of the four
chronic conditions, a random sample of 3000 (1.9%) sub-
jects was selected; from the 34,159 members who had one
of the four conditions, a random sample of 2500 (7.3%)
subjects was selected; and from the 7571 members who
had two or more of the four conditions, a random sample
of 2500 (33.0%) was selected.

Study subjects were mailed a survey and followed up
by telephone using standard survey methodology (18).
The survey included questions related to physical activ-
ity, height, weight, chronic disease, smoking, age, and
sex. Survey items and scales were drawn from standard
survey tools such as the BRFSS, which have been
shown to be reliable and valid (19). Survey response
rate was 79% (5977/7535). Survey respondents were
older and more likely to be female than nonrespon-
dents. Formal analysis of respondents and nonrespon-
dents is available elsewhere (17).

Health plan administrative claims data

Survey data were linked to administrative health care
claim data, including professional and hospital claims.
Pharmacy charges were excluded from analysis because a
subset of the subjects did not have a pharmacy benefit.
Charges were standardized to 1997 U.S. dollars.
Completeness of the data was estimated to be high: 95%
or more of all care that members received was provided
within the health plan (20).

Observations included in the analysis

We selected observations with complete survey data on
all study variables and at least 1 month of enrollment dur-
ing the period between January 1, 1996, and December 31,
1999, resulting in 4674 observations for analysis.
Decrements from the initial sample of 8000 were as fol-
lows: 533 were unable to complete the survey because of
death, disenrollment, or language problems; 159 were
excluded because of a proxy respondent; 1309 did not
respond; 716 were missing data on study variables; 357
were not enrolled in the prediction period; and 252 were
excluded because they were nonwhite. The number of
respondents who identified themselves as nonwhite was
insufficient to include race in our model, so we excluded
race as a factor and restricted our analysis to white
respondents.

Of the 4674 observations used in the analysis, 4372
(93.5%) had 12 or more months of enrollment during 1996
through 1999. The distribution of annualized charges was
similar whether members had short (less than 12 months)
or long (greater than 12 months) lengths of follow-up
enrollment. Therefore, no adjustment for length of follow-
up was made in our analysis.

Our weighted sample had a two-tailed power of 80% (α
= .05) to detect a change of 0.004 in r2 from the addition of
one independent variable, adjusted for a nine-variable
model with an r2 = 0.10.

Dependent variable

The dependent variable was the log of average annual-
ized health care charges for the period 1996 through 1999,
including physician, inpatient, and outpatient charges.
Average annualized charges for individuals in our health
plan sample, weighted for sampling strata, were $4928.
We used averaged annualized charges over a 4-year peri-
od to avoid a mass of observations with zero charges and
to smooth individual year-to-year random variation. The
distribution of charges was highly skewed, so we trans-
formed to a log scale. On the log scale, model residuals
looked roughly normal.

Independent variables

We used categorical variables for physical activity, BMI,
chronic disease, smoking status, age, and sex. The vari-

VOLUME 2: NO. 4
OCTOBER 2005

www.cdc.gov/pcd/issues/2005/oct/04_0118.htm • Centers for Disease Control and Prevention 3

The opinions expressed by authors contributing to this journal do not necessarily reflect the opinions of the U.S. Department of Health and Human Services,
the Public Health Service, the Centers for Disease Control and Prevention, or the authors’ affiliated institutions. Use of trade names is for identification only

and does not imply endorsement by any of the groups named above.



VOLUME 2: NO. 4
OCTOBER 2005

ables and categories were defined as follows: for physical
activity, the categories were active, low activity, and inac-
tive; for body mass index, the categories were normal,
overweight, and obese; for chronic disease, the categories
were yes (for diabetes, heart disease, or both) and no; for
smoking status, the categories were never, former, and
current; for age, the categories were 40 to 49 years, 50 to
64 years, and 65 years and older.

Data were self-reported through the member survey in
1995. Physical activity status was coded based on respon-
dents’ report of how many days in the past week they
“have gotten a total of 30 minutes or more” of physical
activity. We used three levels of physical activity to exam-
ine the contrast among inactive members (zero days per
week), members with low activity (1 to 3 days per week),
and members meeting recommended guidelines (4 or more
days per week). BMI was calculated from self-reported
height and weight (kg/m2). BMI was categorized into three
levels: normal (less than 25.0), overweight (greater than or
equal to 25.0 but less than 30.0), and obese (greater than
or equal to 30.0). Smoking status was assessed using stan-
dard BRFSS questions and classified as never, former, or
current smoker (19).

Study subjects were classified as having chronic disease
if they indicated that they had been told by a health pro-
fessional that they had heart trouble, diabetes, impaired
glucose tolerance, or borderline diabetes. We used these
classifications in our model to control for two major chron-
ic diseases: heart disease and diabetes. Our purpose was to
estimate an upper bound on the charges associated with
the modifiable factors of physical activity behavior and
overweight or obesity. We controlled for the presence of
major chronic disease at baseline because chronic disease
is not generally modifiable.

By categorizing independent variables, we may have lost
potentially valuable information. However, a main objec-
tive of this study was to apply predicted charges to repre-
sentative samples of health plan and national populations.
Hence, the analysis required using categorical variables in
our model that would also describe the populations.

Analytic model

Starting with health plan data, we constructed a multi-
variate linear model using the log of average annualized
health care charges as the dependent variable, physical

activity status and BMI as predictor variables, and 
chronic disease, smoking status, age, and sex as 
covariates. Observations were weighted based on the sam-
pling probability and probability of survey response to
obtain population estimates. The regression model was
based on previously published work (17). We used model
coefficients to compute predicted health care charges for
324 cells as defined by categories of physical activity, BMI,
and the covariates.

We retransformed the predicted value from the log scale
to the dollar scale using the Duan smearing estimator
method with multiple smearing factors by sex, chronic dis-
ease, and smoking status (21). A single smearing factor is
appropriate for retransforming to the dollar scale if the log
scale residuals are homoscedastic. If the residuals are het-
eroscedastic (i.e., they depend on the predictors or covari-
ates), the application of a single Duan smearing factor may
give biased expected values (22,23). After reviewing log
scale residuals for heteroscedasticity, we confirmed the
need for multiple smearing factors.

We tested for interactions among all variables. To
ensure accurate estimation of the parameters of interest,
we included interactions that were significant at P < .10.
In particular, we tested for but did not find interaction
between the two main effects, physical activity status and
BMI. We attributed this result to our study being under-
powered to detect an interaction. Our final model included
the independent effects of physical activity and BMI.

A single indicator variable for presence of self-reported
chronic disease (diabetes or heart disease) was included in
the model. This was deemed appropriate because a model
with two indicator variables (one for diabetes and one for
heart disease) was tested, and results indicated that coef-
ficients for physical inactivity and BMI were similar.

Bootstrapping techniques were used to estimate a 95%
confidence interval (CI) for the percentage of charges asso-
ciated with physical inactivity and overweight or obesity.
For each bootstrap iteration, we sampled 4674 observa-
tions by strata and with replacement from our analysis
observations. We estimated our model on the bootstrap
sample and computed the percentage of charges associat-
ed with physical inactivity and overweight or obesity. A
total of 1000 bootstrap iterations were computed to ensure
a stable 95% CI.
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Health plan population

One goal of this analysis was to estimate the proportion
of health care charges associated with physical inactivity,
overweight, and obesity for a health plan population. For
purposes of simplicity, we assumed a population of
200,000 white members aged 40 and older. We computed
the current risk predicted charges for the population by
multiplying the model predicted charges for each cell by
the percentage of the population in each cell and summing
all cells. Hence, this population aggregate reflected the
current profile of health behaviors. Next, we computed a
counterfactual for the population in a similar manner, but
we assigned all members to the lowest risk behaviors:
physically active and normal weight, covariates
unchanged. Hence, the counterfactual aggregate reflected
the lowest risk profile of health behaviors. Finally, the
charges associated with physical inactivity, overweight,
and obesity were computed as the difference between the
current risk aggregate predicted charges and the counter-
factual aggregate predicted charges. The associated pro-
portion was computed as the ratio of associated charges to
the current risk aggregate predicted charges.

National population

We extended our analysis to the national level by apply-
ing our model predicted charges to a national population.
Data from the 2001 National Health Interview Survey
(NHIS) were used to represent the U.S. population. The
NHIS is an annual, nationally representative telephone
survey administered by the National Center for Health
Statistics of the Centers for Disease Control and
Prevention (CDC). The NHIS samples the civilian, nonin-
stitutionalized household population of the United States.
From each family in the NHIS, one adult (aged 18 years or
older) was randomly selected. These 33,326 individuals
comprised the Sample Adult Core of the 2001 NHIS.

Respondents answered questions about their current
levels of cigarette smoking and physical activity. They also
reported their height and weight, from which BMI was cal-
culated. Individuals who had been told by a doctor or
health professional that they had heart disease or diabetes
were considered to have a chronic illness.

In the current study, data limited to whites aged 40 and
older were used to estimate the percentage of the U.S. pop-
ulation for each cell defined by the combination of physical

activity, BMI, chronic disease, smoking status, age, and
sex. The data were weighted to account for the multistage
complex sample design of the NHIS. Sample weights also
reflected nonresponses, and poststratification adjustments
were made for age, sex, and race and ethnicity. The Survey
Data Analysis (SUDAAN, Research Triangle Institute,
Research Triangle Park, NC) computer program was used
to analyze the data.

Results

Health plan

Descriptive statistics of the health plan survey are
reported in Tables 1 and 2. Table 1 provides descriptive
statistics of physical activity, BMI, and the model covari-
ates. Table 2 provides descriptive statistics for averaged
annualized charges. The stratified sampling design
allowed for sufficient observations over all combinations of
physical activity, BMI, and the covariates to estimate our
parameters. A simple random sample of observations
would need to be much larger to populate combinations
that are naturally sparse.

Model coefficients and associated t values are reported
in Table 3. The reference category was physically active,
normal weight, no chronic disease, never a smoker, male,
aged 40 to 49. Main effects of the predictor variables and
covariates were as expected. Predicted charges increased
with physical inactivity and BMI. Predicted charges were
higher for women, for older age categories, and for indi-
viduals with chronic disease. Former smokers had higher
predicted charges than either nonsmokers or current
smokers.

Most interactions among variables were in the expected
direction: the higher predicted charges for women
decreased with age; predicted charges were higher for
members with chronic disease who were former or current
smokers; and overweight and obesity had the greatest
impact on individuals aged 40 to 49. Interestingly, results
indicated no material impact from physical inactivity for
women, after adjustment for other factors.

Health plan charges associated with physical inac-
tivity, overweight, and obesity

We found that 23.5% of predicted aggregate health care
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charges were associated with physical inactivity, 
overweight, and obesity (Table 4). Ninety-five percent of
bootstrap iteration results fell between 10% and 34%, indi-
cating our results were significantly different from zero.
For a health plan of 200,000 white members aged 40 and
older, we estimated a total of $1.12 billion of annualized
health care charges in 1997 dollars, of which approxi-
mately $263 million was associated with physical inactivi-
ty and overweight or obesity (Table 4). The amount and
proportion of charges associated with physical inactivity
and overweight or obesity were not uniform across health
plan members. Table 4 reports results for subpopulations
defined by sex, chronic disease, and age. For each subpop-
ulation, Table 4 reports the percentage of the hypothetical
health plan population, average annual charges based on
the current risk profile, and the proportion of charges asso-
ciated with physical inactivity and overweight or obesity.
The final column of Table 4 reports the total health plan
charges associated with physical inactivity and overweight
or obesity. Associated charges per year represent health
plan expenditures associated with physical inactivity and
overweight or obesity for each subgroup, assuming a
200,000-member health plan composed of white members
aged 40 and older.

In order of dollar impact, the three subpopulations with
the largest associated charges were 1) men aged 50 to 64
with no chronic disease ($44.7 million); 2) men aged 65 and
older with chronic disease ($43.7 million); and 3) men aged
40 to 49 with no chronic disease ($41.7 million). These
three cells accounted for approximately one half of the
hypothetical health plan charges associated with physical
inactivity and overweight or obesity. Two of these three
large impact groups included nonelderly people that did
not self-report either heart disease or diabetes. In fact,
nearly half of charges associated with physical inactivity
and overweight or obesity were from the groups aged 40 to
64 without chronic disease.

By age group, the subpopulation aged 65 or older had
the highest associated charges, reflecting the importance
of average charges in the oldest age category. Men had
much higher associated charges than women; men
accounted for 75% of total associated charges. The associ-
ated proportion for members with chronic disease was sim-
ilar to the associated proportion for members without
chronic disease; however, the impact of higher average
charges for members with chronic disease resulted in that
group generating more than one third of the total charges

associated with physical inactivity and overweight or obe-
sity, despite the smaller population (16% of health plan
members in this analysis had chronic disease).

National population

Table 5 shows national and health plan population dis-
tributions by physical activity, BMI, chronic disease,
smoking status, age, and sex. Nationally, more people
were inactive than the health plan population, 39.9% 
compared with 25.4%. The populations had similar distri-
butions of BMI where 38.5%, 38.6%, and 22.9% of the
national population were normal, overweight, and obese,
respectively, compared with 39.4%, 39.6%, and 21.0% of
health plan members.

The national population had a higher percentage (22.8%)
with chronic disease (diabetes, heart disease, or both) than
the health plan population (16.4%). Compared with the
health plan population, the national population had higher
proportions of both current smokers (20.6%, national vs
16.9%, health plan) and people who had never smoked
(47.3%, national vs 42.8%, health plan). The national pop-
ulation was almost evenly divided by sex, whereas the
health plan population had more women than men.

National estimate of charges associated with physi-
cal inactivity, overweight, and obesity

Using the same methods as described above for the
health plan population, we found that 27% (95% CI,
10%–37%) of national health care charges for individuals
aged 40 and older were associated with physical inactivity,
overweight, and obesity. The national estimate was high-
er than the health plan estimate because of the greater
percentage of the national population that was less physi-
cally active, the greater percentage with chronic disease,
and the greater percentage of men.

Discussion

This study reports significant association between
health behaviors and health care charges, generally con-
sistent with previous evidence suggesting that physical
inactivity, overweight, and obesity account for an impor-
tant portion of health care expenditures. The results of
this study indicate that physical inactivity, overweight,
and obesity are associated with 23% (95% CI, 10%–34%) of
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all health care charges at a moderately sized Minnesota
health plan and 27% (95% CI, 10%–37%) of national
health care charges.

The distribution of these charges across defined groups
of patients is not uniform. Per-person charges associated
with physical inactivity and overweight or obesity are dis-
proportionately higher for individuals who are old, male,
and have heart disease, diabetes, or both. Yet despite high-
er per-person charges among these groups, nearly half of
associated charges are incurred in the demographic seg-
ments of the health plan population with the largest num-
ber of members — members aged 40 to 64 with no heart
disease or diabetes. This suggests that a broad, popula-
tion-wide approach to managing physical inactivity and
obesity would be better than a strategy that limits inter-
ventions to people with the highest health care charges.

One interesting finding is the observation that after
adjusting for other factors in the model, physical activity
level was not related to charges among women. There are
several possible explanations for this finding. First, it may
be that the types of health care services that men of this
age use are more related to physical activity than the types
of services that women use. Second, it is possible that
women and men are differentially misclassified by our
measure of physical activity. For example, if the types of
physical activity that women typically engage in are less
likely to be reported in response to our simple query about
physical activity, then we would be more likely to misclas-
sify women than men. In either case, the exploration of
sex-related differences in the health impact of physical
activity should receive more attention.

The finding of higher health care charges among former
smokers (compared with current smokers and people who
have never smoked) has been reported elsewhere (17) and
is most likely explained by the tendency for smokers who
develop health problems to be more likely to quit compared
to smokers who remain free of health problems (24).

Current discussions of how to control rapidly rising
health care expenditures often focus on modifying pay-
ment mechanisms, increasing patient cost-sharing, or
carefully managing access to certain types of care. Our
data emphasize the potential importance of primary pre-
vention and effective management of overweight and
physical inactivity as a cost-control strategy. Effective
interventions to ameliorate these problems are available

and can be delivered at relatively low cost across a wide
range of settings, from physicians’ offices to telephone-
based case management to community health education
using a variety of communication methods (25,26). Despite
convincing evidence that adverse health risks increase
charges and that improving risk factors lowers subsequent
charges, health plans, employers, and other payers have
been slow to invest resources in initiatives.

Improvements in weight and physical activity may
reduce health care expenditures within 2 to 3 years in
some groups of patients (17). Yet payers are reluctant to
assume new costs in an age of accelerating medical care
cost inflation, and leaders of care-delivery systems may
believe that their expertise is more related to 
high-technology procedural care than to interventions that
target lifestyle or behavior (27). The high proportion of
overall charges associated with inactivity and overweight
may prompt both payers and delivery-system leaders to
rethink priorities.

A number of factors limit the interpretation of these
data. First, the study was conducted at a single health
plan, and our analysis is limited to a white population
aged 40 and older, excluding pharmacy charges. Second,
the variables considered in our models were derived from
survey data and automated administrative databases;
they did not include sophisticated physiologic measures.
Third, we adjusted our predicted cell-charge estimates for
self-reported heart disease or diabetes. Other chronic
debilitating diseases might have also been used as adjus-
tors, but we selected heart disease and diabetes because of
their prevalence and their established contribution to
health care expenditures. Fourth, our national estimates
of physical inactivity and BMI reflect 2001 population
behaviors.

Fifth, we were unable to report a significant interac-
tion between the two main effects, physical inactivity
and BMI. To detect an r2 change of 0.01 from an inter-
action term, with two-tailed power of 80% (α = .05), a
sample would need 700 observations per interaction
cell. Our weighted sample was too small to achieve that
level of power; our sample had two-tailed power of 13%
to detect an interaction between physical inactivity and
BMI. Therefore, our results do not rule out a 
significant interaction between physical inactivity and
BMI; the question of interaction effects remains open
for further study.
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Finally, one might argue that physically inactive sub-
jects experience higher health care charges because
impairment or health-related problems limit their ability
to be active. However, we found that the proportion of
charges associated with physical inactivity and overweight
or obesity was similar for subjects without self-reported
chronic disease compared with subjects reporting chronic
disease. Moreover, we tested this hypothesis (data not pre-
sented) by estimating a model after excluding subjects
whose activities are limited because of impairment or a
health-related problem. The model estimated after exclud-
ing subjects with limited activity was similar to our model
including all subjects; our estimate of health care charges
associated with physical inactivity and overweight or obe-
sity did not change. This evidence increases our confidence
that reverse causality is not a substantial driver of our
study results.

One difficult issue in the interpretation of our study
results is the extent to which the associations that we
measure are the result of causation. The data allow us
to estimate the difference in health care charges
between individuals with selected characteristics and
individuals without these characteristics. We do not
know how changing characteristics will impact future
health care expenditures, so we remain uncertain
about the extent to which our counterfactual is a good
measure of the effect of improved health behaviors on
health care charges. Generally, our estimates provide
a theoretical upper bound on the amount of resources
that may be invested in programs to improve 
risk-factor profiles.

Our results are interesting and important. We joint-
ly estimate the effects of physical inactivity and over-
weight or obesity associated with health care charges
and find they constitute a significant portion of total
health care charges. From a clinical and public health
point of view, benefit may be derived by addressing
physical inactivity, overweight, and obesity in all seg-
ments of the population. However, from a cost-effec-
tiveness point of view, those with behavioral risk fac-
tors and the highest health care charges may be the
strongest candidates for interventions designed to
improve risk profiles and reduce expenditures. More
work is needed to explore the potential of behavior
interventions as a strategy to improve health and to
control accelerating health care charges.

Acknowledgments

This project was supported by HealthPartners Center
for Health Promotion. We acknowledge the support of
George Isham, MD, in the conceptualization of this study
and Sarbajit Sinha for programming support on the
SUDAAN analysis of the National Health Interview
Survey.

Author Information

Corresponding Author: Louise H. Anderson, MS,
HealthPartners Research Foundation, 8100 34th Ave S,
Minneapolis, MN, 55440-1309. Telephone: 952-967-7731.
E-mail: Louise.H.Anderson@HealthPartners.com.

Author Affiliations: Brian C. Martinson, PhD, A. Lauren
Crain, PhD, Nicolaas P. Pronk, PhD, Robin R. Whitebird,
PhD, Patrick J. O’Connor, MD, MPH, HealthPartners
Research Foundation, Minneapolis, Minn; Lawrence J.
Fine, MD, DrPH, Division of Epidemiology and Clinical
Applications, National Heart, Lung, and Blood Institute,
Bethesda, Md. Dr. Pronk is also affiliated with
HealthPartners Center for Health Promotion,
Minneapolis, Minn.

References

1. Calle EE, Thun MJ, Petrelli JM, Rodriguez C, Heath
CW. Body-mass index and mortality in a prospective
cohort of U.S. adults. N Engl J Med
1999;341(15):1097-105.

2. Wilson PW, D’Agostino RB, Sullivan L, Parise H,
Kannel WB. Overweight and obesity as determinants
of cardiovascular risk: the Framingham experience.
Arch Intern Med 2002;162(16):1867-72.

3. Pate RR, Pratt M, Blair SN, Haskell WL, Macera MA,
Bouchard C, et al. Physical activity and public health.
A recommendation from the Centers for Disease
Control and Prevention and the American College of
Sports Medicine. JAMA 1995;273(5):402-7.

4. Paffenbarger RS Jr, Hyde RT, Wing AL, Lee IM, Jung
DL, Kampert JB. The association of changes in physi-
cal-activity level and other lifestyle characteristics
with mortality among men. N Engl J Med
1993;328(8):538-45.

5. Fontaine KR, Redden DT, Wang C, Westfall AO,

8 Centers for Disease Control and Prevention • www.cdc.gov/pcd/issues/2005/oct/04_0118.htm

The opinions expressed by authors contributing to this journal do not necessarily reflect the opinions of the U.S. Department of Health and Human Services,
the Public Health Service, the Centers for Disease Control and Prevention, or the authors’ affiliated institutions. Use of trade names is for identification only

and does not imply endorsement by any of the groups named above.



Allison DB. Years of life lost due to obesity. JAMA
2003;289(2):187-93.

6. Visscher TL, Seidell JC. The public health impact of
obesity. Annu Rev Public Health 2001;22:355-75.

7. Manson JE, Bassuk SS. Obesity in the United States:
a fresh look at its high toll. JAMA 2003;289(2):229-30.

8. Flegal KM, Carroll MD, Ogden CL, Johnson CL.
Prevalence and trends in obesity among US adults,
1999-2000. JAMA 2002;288(14):1723-7.

9. Dietz, WH. The obesity epidemic in young children.
Reduce television viewing and promote playing. BMJ
2001;322(7282):313-4.

10. Centers for Disease Control and Prevention. 2000
Behavioral Risk Factor Surveillance system summary
data quality report. Atlanta (GA): Centers for Disease
Control and Prevention; 2000. Available from: URL:
http://www.cdc.gov/brfss/technical_infodata/pdf/
2000SummaryDataQualityReport.pdf.

11. Centers for Disease Control and Prevention. Physical
activity trends – United States, 1990-1998. MMWR
2001;50:166-9.

12. Thompson D, Brown JB, Nichols GA, Elmer PJ, Oster
G. Body mass index and future healthcare costs: a ret-
rospective cohort study. Obes Res 2001;9(3):210-8.

13. Quesenberry CP Jr,  Caan B, Jacobson A. Obesity,
health services use, and health care costs among mem-
bers of a health maintenance organization. Arch
Intern Med 1998;158(5):466-72.

14. Sturm R. The effects of obesity, smoking, and drinking
on medical problems and costs. Obesity outranks both
smoking and drinking in its deleterious effects on
health and health costs. Health Aff  2002;21(2):245-53.

15. Finkelstein EA, Fiebelkorn IC, Wang G. National
medical spending attributable to overweight and obe-
sity: how much, and who’s paying? Health Aff
2003;Suppl:219-26.

16. Pratt M, Macera CA, Wang G, Higher direct medical
costs associated with physical inactivity. Physician
and Sportsmedicine 2000;28(10):63-70.

17. Pronk NP, Goodman MJ, O’Connor PJ, Martinson BC.
Relationship between modifiable health risks and
short-term health care charges. JAMA
1999;282(23):2235-9.

18. Dilman DA. Mail and telephone surveys: the Total
Design Method. New York (NY): John Wiley & Sons;
1978.

19. Centers for Disease Control and Prevention. 2000
Behavioral Risk Factor Surveillance System summary
prevalence report. Atlanta (GA): Centers for Disease

Control and Prevention 2000. Available from: URL:
http://www.cdc.gov/brfss/pdf/2000prvrpt.pdf.

20. O’Connor PJ, Rush WA, Rardin KA, Isham G. Are
HMO members willing to engage in two-way commu-
nication to improve health? HMO Pract
1996;10(1):17-9.

21. Duan N. Smearing estimate: a nonparametric
retransformation method. J Amer Stat Assoc
1983;78(383):605-10.

22. Manning WG Jr. The logged dependent variable, het-
eroscedasticity, and the retransformation problem. J
Health Econ 1998;17:282-95.

23. Mullahy J. Much ado about two: reconsidering
retransformation and the two-part model in health
econometrics. J Health Econ 1998;17(3):247-81.

24. Martinson BC, O’Connor PJ, Pronk NP, Rolnick SJ.
Smoking cessation attempts in relation to prior health
care charges: the effect of antecedent smoking-relat-
ed symptoms? Am J of Health Promot 2003;18(2):125-
32.

25. The Diabetes Prevention Program Research Group.
The Diabetes Prevention Program (DPP): description
of lifestyle intervention. Diabetes Care
2002;25(12):2165-71.

26. Tuomilehto J, Lindstrom J, Eriksson JG, Valle TT,
Hamalainen H, Ilanne-Parikka P, et al. Prevention of
type 2 diabetes mellitus by changes in lifestyle among
subjects with impaired glucose tolerance. N Engl J
Med 2001;344(18):1343-50.

27. Gilmer T, O’Connor PJ. Cost effectiveness of diabetes
mellitus management programs: a health plan per-
spective. Dis Manage Health Outcomes
2003;11(7):439-53.

VOLUME 2: NO. 4
OCTOBER 2005

www.cdc.gov/pcd/issues/2005/oct/04_0118.htm • Centers for Disease Control and Prevention 9

The opinions expressed by authors contributing to this journal do not necessarily reflect the opinions of the U.S. Department of Health and Human Services,
the Public Health Service, the Centers for Disease Control and Prevention, or the authors’ affiliated institutions. Use of trade names is for identification only

and does not imply endorsement by any of the groups named above.



VOLUME 2: NO. 4
OCTOBER 2005

Tables

Table 1. Demographic Characteristics of Participants in
Survey of Health Care Plan Members (N = 4674), Minnesota,
1995

Physical activity

Active 1613 33.7

Low activity 1759 41.1

Inactive 1302 25.2

Body mass index, kg/m2

Normal (<25.0) 1567 39.9

Overweight (25.0-29.9) 1883 39.6

Obese (>30.0) 1224 20.5

Chronic condition

No 2938 84.9

Yes 1736 15.1

Smoking status

Never 1901 43.0

Former 2100 40.0

Current 673 17.1

Age, y

40-49 1333 43.1

50-64 1713 34.5

>65 1628 22.5

Sex

Female 2455 55.6

Male 2219 44.4

aWeighted for sampling strata and survey response.

Table 2. Average Annualized Charges for Health Plan
Members in Dollar and Log Scales, by Body Mass Index and
Physical Activity (N = 4674), Minnesota, 1996-1999

Overall 4928 (9507) 7.02 (1.25)

Body mass index, kg/m2

Normal (<25.0) 3994 (8789) 6.86 (1.33)

Overweight (25.0-29.9) 5239 (10,749) 7.00 (1.30)

Obese (>30.0) 6146 (8226) 7.38 (1.02)

Physical activity

Active 4240 (7560) 6.96 (1.25)

Low activity 4966 (11,860) 6.91 (1.32)

Inactive 5783 (7953) 7.29 (1.14)

aWeighted for sampling strata and survey response; in 1997 dollars.
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No. Respondents, % Respondents, 
Variables Unweighted Weighteda

Average Log Average
Annualized Annualized

Chargesa $ (SD) Charges (SD)



Intercept 5.4692 29.76

Female 0.9615 5.35

Aged 50-64 y 0.5953 2.70

Aged >65 y 1.9174 9.54

Chronic disease present 0.8244 4.47

Former smoker 0.2429 2.69

Current smoker −0.1603 −1.13

Overweight 0.1978 1.28

Obese 0.7740 5.43

Low activity 0.3292 2.17

Inactive 0.4627 2.70

Female × aged 50-64 y −0.0510 −0.26

Female × aged >65 y −0.5585 −2.80

Female × with chronic disease −0.4230 −2.24

Female × low activity −0.3807 −2.07

Female × inactive −0.3881 −1.91

Chronic disease present × former smoker 0.1439 0.74

Chronic disease present × current smoker 0.7047 2.60

Overweight × aged 50-64 y 0.0834 0.38

Overweight × aged >65 y −0.2330 −1.09

Obese × aged 50-64 y −0.5642 −2.47

Obese × aged >65 y −0.4592 −2.03

Model r2 = 0.145
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Coefficient t Value Coefficient t Value

Table 3. Modela Coefficients and t Values, Study on Health Plan Members, Minnesota, 1996-1999

Female No 40-49 21.8 2100 21.1 19,302

50-64 16.6 3435 14.3 16,309

>65 9.8 6677 5.8 7561

Yes 40-49 1.5 4888 35.4 5210

50-64 2.2 6535 18.4 5434

>65 3.7 14,025 12.0 12,296

Male No 40-49 16.5 2963 42.7 41,753

50-64 12.7 4780 36.9 44,714

>65 6.2 13,677 21.3 36,440

Yes 40-49 2.1 5268 48.9 10,750

50-64 3.2 8428 37.2 20,136

>65 3.7 23,123 25.3 43,736

Overall 100.0 5610 23.5 263,648

aCharges are based on current risk profile.
b200,000 × column 1 × column 2 × column 3.

Table 4. Charges Associated with Physical Inactivity (PI), Overweight, and Obesity for Hypothetical Health Plan With 200,000
Members Aged 40 Years and Older and White

Subpopulation

Sex
Chronic
Disease Age, y

% 
Health Plan
Population

Predicted Charges
per Member per

Yeara ($)

% Charges
Associated With PI,

Overweight, and
Obesity

Hypothetical Plan
Charges Associated with

PI, Overweight, and
Obesityb ($1000s)

aThe reference category is physically active, normal weight, no chronic disease, never a smoker, male, aged 40 to 49.
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Table 5. Distribution of Physical Activity, Body Mass Index,
and Model Covariates Among Health Plan Population and
National Population

Physical activity

Active 33.7 29.2

Low activity 40.9 30.8

Inactive 25.4 39.9

Body mass index, kg/m2

Normal (<25.0) 39.4 38.5

Overweight (25.0-29.9) 39.6 38.6

Obese (>30.0) 21.0 22.9

Chronic diseasea

No 83.6 77.2

Yes 16.4 22.8

Smoking status

Never 42.8 47.3

Former 40.3 32.1

Current 16.9 20.6

Age, y

40-49 41.9 35.8

50-64 34.7 35.7

>65 23.4 28.5

Sex

Female 55.5 51.2

Male 44.5 48.8

aDiabetes, heart disease, or both.
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