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Abstract

Objectives—To estimate per-person and aggregate direct medical costs of overweight and
obesity and to examine the effect of study design factors.

Methods—PubMed (1968-2009), EconL.it (1969-2009), and Business Source Premier (1995—
2009) were searched for original studies. Results were standardized to compute the incremental
cost per overweight person and per obese person, and to compute the national aggregate cost.

Results—A total of 33 U.S. studies met review criteria. Among the 4 highest quality studies, the
2008 per-person direct medical cost of overweight was $266 and of obesity was $1723. The
aggregate national cost of overweight and obesity combined was $113.9 billion. Study design
factors that affected cost estimate included: use of national samples versus more selected
populations; age groups examined; inclusion of all medical costs versus obesity-related costs only;
and BMI cutoffs for defining overweight and obesity.

Conclusions—Depending on the source of total national health care expenditures used, the
direct medical cost of overweight and obesity combined is approximately 5.0% to 10% of U.S.
health care spending. Future studies should include nationally representative samples, evaluate
adults of all ages, report all medical costs, and use standard BMI cutoffs.
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The increased prevalence of obesity that has occurred in the U.S. during the last 30 years!
has been accompanied by a substantial increase in the literature on the direct medical cost of
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obesity. Although debate exists about the usefulness of quantifying the cost of illness in
general and specifically the cost of overweight and obesity,2: 3 cost of illness estimates are
routinely cited in the medical and health services literature. For example, the American
Diabetes Association estimated that the annual cost of diabetes in medical expenditures and
lost productivity climbed from $132 billion in 2002 to $174 billion in 2007.4 Similarly, the
Centers for Disease Control and Prevention and the American Heart Association estimated
the direct and indirect cost of cardiovascular disease to be $403.1 billion in 2006.° Although
some cost estimates for overweight/obesity, diabetes, and heart disease may double count
one another, it is important to understand the magnitude of costs that could potentially be
saved by better prevention and treatment of obesity.

To our knowledge, there has been no systematic attempt to quantitatively summarize the
growing literature on the direct medical cost of overweight and obesity. In this paper, we
identify reports of the U.S. cost of overweight and obesity published between 1992 and
2008; we translate these estimates into 2008 dollars ($Y2008); and we summarize the
resulting estimates and report per-person cost and aggregate cost. We also evaluate the
impact of variation in study design on cost estimates.

Literature Search

We searched the PubMed (1968-2009), EconL.it (1969-2009), and Business Source Premier
(1995-2009) databases to identify studies that reported on the cost of obesity (search last
updated September, 2009). The search strategy combined the terms *“obesity” or “obesity,
morbid” with any of the following terms: “costs and cost analysis”, “health care costs”,
“cost of illness”, and “employer health costs”. A total of 935 titles and/or abstracts were
reviewed. Bibliographies of relevant articles, including several qualitative reviews,5710 were
searched for additional titles. Only studies conducted in the U.S. were included, for two
reasons. First, use of only U.S. studies allowed us to standardize cost estimates, as described
below. Second, the U.S. is unique in having both the highest rates of overweight and obesity
and the highest health care spending among developed nations. Thus, we believed that cost
estimates for obesity-related spending might be higher in the U.S. compared to other
countries.

Fifty U.S. studies were identified.}1~60 Seventeen studies were excluded for the following
reasons: duplicate dataset (n = 7):447°0 median, rather than mean, cost reported (n = 1);5!
unable to calculate annual cost from data reported (n = 1);2 no body mass index (BMI)
cutoff given for overweight/obesity (n = 4):53756 only inpatient or outpatient costs included
(n = 3);3779 direct and indirect costs were combined (n = 1).80 Table 1 provides details
about the 33 studies we included in our analysis.

Three general study designs were encountered in the conduct of this review. First were
studies that used patient-level data, either nationally representative (e.g., from federal
surveys) or from employers or health plans. Studies with patient-level data are able to
capture the cost of all conditions, whether associated with obesity or not. The second type of
study was “attributable risk” analysis. These studies start with estimates of aggregate cost
for weight-related conditions and then assign a fraction of the cost to obesity. The formula
most commonly used to estimate this fraction is P(RR-1)/(1+P(RR-1)), where P is the
prevalence of obesity and RR is the relative risk of the disease among obese persons as
compared to normal weight individuals.51 The third type of study design was modeling
analysis, in which various inputs from the literature are combined with mathematical models
to predict costs for a hypothetical cohort of individuals over time.
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Translating the Study Results to $Y2008

Our goal in translating all study results to $Y2008 was not limited to a single adjustment to
reflect changes in inflation over time. Rather, where possible, it was to additionally adjust
for changes in age, gender, and BMI distribution of the U.S. population between the time
when the study conducted and the present. We were not able to adjust for changes in
ethnicity of the U.S. population, as none of the studies presented results stratified by ethnic
group. We also adjusted for variations in several design decisions made by the authors of the
original studies. Table 2 lists these design decisions, including issues that limited our ability
to synthesize the results.

Adjustment for changes in gender, age, and weight distribution—For studies
that reported cost estimates stratified by age, gender, or obesity class, we used data from the
U.S. Census and national estimates (National Health and Nutrition Examination Surveys
[NHANES]) of the proportion of overweight and obese individuals to adjust the studies’
results. We made an initial adjustment to 2004 because of the availability of published tables
with rates of overweight and obesity stratified by age group, gender, and obesity class.%2: 63

Standard vs nonstandard BMI definitions of obesity—Current definitions of
normal weight, overweight, and obesity are BMI 18.5 to < 25 kg/m?, 25 to < 30 kg/m?, and
> 30 kg/m2, respectively. Twelve studies used nonstandard definitions of obesity that
differed from the current definition. These -- generally older -- studies commonly used BMI
cutoffs to define obesity that ranged between 27 and 29 kg/m?2. For studies that used
nonstandard BMI definitions, we adjusted cost estimates by using NHANES data containing
the BMI distribution by unit between 18.5 and 30 kg/m? (data provided by Dr. Yi-Ling
Chen, Centers for Disease Control and Prevention). When studies used a BMI of < 27 kg/m?
as the lower bound for identifying individuals as obese, we included these data as estimates
of the combined cost of overweight and obesity.

Estimates based on cost vs expenditure vs charge—Six studies reported average
charge rather than average cost or expenditure. Charges represent fees from health care
providers (hospitals, physicians) for a service, while costs represent the actual amount
required to provide the service. We adjusted charges to costs by use of a cost-to-charge ratio
of 0.5185, estimated by the Medicare program in the U.S.%4

Translate national cost estimates to per-person estimates—For studies that
reported national cost estimates rather than per-person cost estimates, we used census data
and data on the distribution of weight to estimate the number of people who were
overweight or obese in the year the data were reported. We then divided the cost totals by
the number of overweight/obese individuals.

Year in which cost is expressed—~Per-person cost estimates were initially inflated to
$Y2004 by use of the Consumer Price Index (CPI) Medical Care segment
(http://www.bls.gov/data), for reasons described above. Estimates were then re-inflated to
$Y2008, again using the Medical Care CPI. We further inflated cost estimates by 3% per
year, starting in the year that the study reported cost data. This additional inflation factor
was based on two studies by Finkelstein et al,13: 15 in which obesity-related costs increased
over 24% during an eight-year period above and beyond the medical care CPI.

Unadjusted and adjusted estimates—A majority of the studies included in our review
made some adjustment for participant characteristics, including alcohol and tobacco use, as
well as physical activity. A subset of these studies also controlled for medical diagnoses
associated with overweight and obesity, such as blood pressure, diabetes, or coronary heart

Obes Rev. Author manuscript; available in PMC 2012 January 1.


http://www.bls.gov/data

1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Tsai et al.

Analysis

RESULTS

Page 4

disease. Because several of these variables might fall within the causal pathway between
obesity and health care spending, we used unadjusted estimates for our primary analysis.
Variables adjusted for in individual studies are listed in Table 1.

Sample calculation—A sample calculation is available online as Appendix 1 to the
manuscript and also is available on request from the authors.

Where available, we report study-specific estimates of the $Y2008 health care cost of
normal weight individuals, as well as the incremental cost of overweight, obesity, and the
combined cost of overweight and obesity. In studies that reported both a normal weight cost
and an incremental cost, we report the incremental cost expressed as a proportion of the
normal weight cost. To address differences in study design which could not be completely
adjusted for in our translation of cost estimates (e.g., inclusion of all adults versus age-
limited subgroups), we report means stratified by these design variables. Finally, we report
the un-weighted arithmetic mean of the incremental cost estimates for overweight and
obesity, and we report aggregate national cost by multiplying our estimates of per-person
cost by the number of overweight and obese adults in the U.S.

Description of Studies

We identified 33 studies that were published between 1992 and 2008 and that met our
inclusion criteria.11=43 Of these, 24 reported on the cost of overweight, 30 on the cost of
obesity, and 26 on the cost of overweight and obesity combined. Most studies did not
provide estimates of the variance in incremental cost, precluding formal meta-analysis.
Table 1 provides the studies’ details.

Cost Estimates

High quality studies—Only four studies?: 13: 15, 20 met all criteria we designated for a
“high quality” study — use of nationally representative samples, analysis of adults of all ages,
use of standard BMI cutoffs, and reporting cost or expenditure. In these four studies, the cost
for overweight was $266, for obesity $1723, and for overweight and obesity combined
$1023.

Pooled estimates—Among all studies, the incremental cost of overweight was $498. Six
of the 24 studies reported incremental cost savings for overweight. Among the 23 studies
that reported estimates of both the cost of normal weight and the incremental cost of
overweight, the incremental cost of overweight was 9.9% greater than the cost of normal
weight. Among all studies, the incremental cost of obesity was $1662. None of the 30
studies reported cost savings associated with obesity. Among the 24 studies that reported
estimates of both the cost of normal weight and the incremental cost of obesity, the cost of
obesity was 42.7% greater than the cost of normal weight. Table 3 shows, for all studies,
$Y2008 estimates of the costs of normal weight, overweight, and obesity, overweight and
obesity combined, plus the latter figures expressed as a percentage of the cost of normal
weight. Appendix 2 (published online and also available from the authors upon request) lists
costs as reported in the individual manuscripts, in the year in which they were originally
quantified.

Morbid obesity—Five studies reported cost estimates for morbid obesity (BMI > 40 kg/
m?2).11, 12,14, 16, 43 Among these five studies, the average incremental cost was $3012,
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which represented a 68% increase over the cost of normal weight. The cost of morbid
obesity accounted for 35% of the total cost of obesity (range, 25-49%).

Stratified Estimates—Table 4 shows our estimates of average cost stratified by
variations in study design. Studies that used nationally representative sample, standard BMI
cutoffs, reported cost or expenditure, and included all health care spending reported higher
estimates. The cost of overweight and of obesity was generally higher in women than in
men. Studies that used age-limited subsamples of the adult population -- usually near-elderly
or elderly individuals -- reported higher costs compared to studies that used employed
populations (< 65) or samples of all adults.

National cost estimates—When we multiplied our estimates (from high-quality studies)
of $266 and $1723 for overweight and obesity by the number of overweight and obese
persons in the U.S., the $Y2008 aggregate (national) costs of overweight and obesity were
$15.8 billion and $98.1 billion, or 113.9 billion total, equal to 4.8% of health care spending
in 2008.55 When pooled estimates from all 33 studies were used to compute aggregate costs,
the total costs of overweight and obesity were 29.9 billion and $91.0 billion, respectively
($120.1 billion, or 5.0% of total health care spending). When pooled results from only the 29
studies not classified as high-quality studies were used, incremental costs were $531
(overweight) and $1615 (obesity). Thus, total costs among these 29 studies were $38.4
billion for overweight and $110.5 billion for obesity ($148.9 billion, or 6.2% of health care
spending).

DISCUSSION

In this quantitative review of 33 studies, we estimated that the annual direct medical cost of
overweight is approximately $266 higher, and the incremental cost of obesity $1723 higher,
than that of normal weight persons. These results were based on the four highest quality
studies. Our pooled estimates (n = 33 studies) show per-person costs to be $498
(overweight) and $1630 (obesity). Based on our estimates of incremental cost from the four
highest quality studies and using a recently published estimate of national health
expenditures,® the aggregate national cost of overweight and obesity was 4.8% of U.S.
health spending in 2008, or 5.0% if pooled estimates are used. Estimates of the incremental
cost of obesity were similar, whether only the highest quality studies were used or whether
all studies were pooled. (The incremental cost of overweight was, in fact, lower for the
highest quality studies.) Because the characteristics of high-quality studies were generally
associated with larger cost estimates (Table 4), the finding of similar estimates in the pooled
analysis and for the subset of high-quality studies was surprising. We believe that this result
reflects the small number of high-quality studies.

We found substantial heterogeneity in costs among the studies. An important source of
heterogeneity was study design (e.g., national samples versus health plan or employer
samples). If only “nationally representative” studies had been used for this analysis, the
aggregate national cost of overweight would be $48.2 billion and obesity would be $122
billion (i.e., $170.2 billion total, or 7.1% of health care spending in 2008). This latter
estimate is closer to estimates from two recent studies that estimated current and future costs
of obesity.1%: 50 However, some national samples in the current analysis included only
subpopulations by age, which led to a wide range of cost estimates.

Finkelstein et al, using recent Medical Expenditure Panel Survey data, reported that the
incremental cost of obesity to be $1429 and that the cost of overweight was not significantly
different than the cost of normal weight.1®> Our cost estimate for obesity of $1723 is higher
than Finkelstein’s, and we estimated a cost of $266 for overweight. We estimated that total
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spending was 4.8% of national expenditures, while Finkelstein estimated total spending to
be 9.1%. The difference in percentage of health care spending occurs because Finkelstein et
al used aggregate spending from the Medical Expenditure Panel Survey (MEPS) which is
lower than aggregate spending from the National Health Expenditure Accounts (NHEA)
which we used.%> Had we used MEPS aggregate expenditures, costs would be estimated at
10.4% (obesity alone) or 12.1% (obesity and overweight combined) of total health care
spending. It is unclear whether aggregate spending from MEPS or from the NHEA is
preferred. In another study, Wang and colleagues estimated future obesity-related health
care costs for the U.S. health care system. They concluded that obesity-related expenditures
would increase to 16-18% of health care spending by 2030. They also pointed out that the
proportion of total health care expenditures attributable to obesity would be lower if MEPS
was used and higher if NHEA was used.>® We did not attempt to project future obesity costs
in this manuscript.

Another important source of variability in cost estimate was the age groups selected for
analysis. The studies by Sturm et al and Daviglus et al were limited to near-elderly or elderly
adults18: 26 and reported the incremental cost of obesity to be 2—3 times greater than the
average that we calculated. Higher obesity-related health care spending for older age groups
may reflect greater cumulative exposure to overweight/obesity (i.e., “pound-years”). The
recent study by Wolf et al also reported large incremental costs.2! This study included
spending for weight loss, a category not usually included in cost analyses.

A third important source of variability was BMI cutoff used. Some studies used non-
standard definitions for obesity, in which BMI cutoffs were lower than the standard of 30
kg/m2. This difference in classification, by including overweight individuals in the obese
class, has the effect of lowering the incremental cost for both the overweight and obese
groups.58 (Both means are lowered because those who are reclassified from overweight to
obese represent the heaviest and most costly among overweight individuals, but their weight
and cost is lower than that of the obese individuals with whom they are now classified.)

Several important limitations apply to this review. The most important limitation is the use
of pooled analysis to summarize a heterogeneous group of studies. To overcome this
limitation, we presented data from only four high-quality studies as the primary results.
Second, although the review was quantitative, lack of variance estimates for cost precluded
formal meta-analysis. Third, we were unable to adjust for some of the design decisions made
by authors of the original reports. Fourth, we were not able to control for the type or number
of medical conditions that individual studies counted as weight-related. For example, among
the 4 attributable risk studies, the study that counted fewer medical diagnoses as obesity-
related3’ reported lower estimates of incremental cost. Lastly, the review does not provide
information about the cost-effectiveness of weight loss programs or other interventions
intended to reduce the direct medical cost of overweight and obesity.

Despite the limitations noted, our work has several implications. First, the results suggest
that the financial burden of obesity is at least 2—-3 times greater in the U.S. than in other
developed countries. Obesity-related spending as a percentage of total health care spending
is approximately 1-2.5% in Canada and in the European Union.87=70 The difference
between the U.S. and the EU/Canada is likely a combination of higher obesity rates and
higher per capita health care spending in the U.S. Higher obesity-related spending in the
United States, a country that already has the largest expenditures in the world, provides
support for those who advocate for greater attention to obesity prevention and treatment.’?:
72 Second, as described above, our results indicate that study methodology potentially makes
a large difference in estimates of cost. Third, although these results do not provide an
estimate of cost-effectiveness for obesity treatment, they do provide data that can be used,
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together with economic analyses of interventions, to estimate how much of the cost of
weight-related illness could be saved. For example, the sub-analysis examining the cost of
morbid obesity (n = 5 studies) suggests that this subgroup incurs costs that are
disproportionate to their numbers (i.e., 35% of the total cost of obesity, whereas morbidly
obese individuals make up approximately 15% of all obese persons.52) Disproportionately
higher costs among the morbidly obese, in combination with studies showing that bariatric
surgery can produce a return on investment (i.e., a cost savings),’® 74 suggests that surgical
treatment of obesity, while costly, may be more cost-effective than lifestyle or
pharmacologic treatment for the morbidly obese.

In conclusion, we found that a BMI > 30 kg/m?2 was associated with approximately $1723 of
additional medical spending per year, while overweight (BMI 25 to 29.9 kg/m?) was
associated with a more modest incremental cost of $266. Our review suggests that in the
future, more accurate estimates of the cost of overweight and obesity will be obtained in
studies that use nationally representative samples, report cost or expenditure, use standard
BMI cutoffs, include all direct medical costs, and analyze adult subjects of all ages.
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Acknowledgments

Funding/Support: This work was supported, in part, by the National Institutes of Health (grant # 5-K12-
HDO043459-04), and by a research contract between the University of Pennsylvania and Merck & Co., Inc. Dr. Tsai
received salary support from the National Institutes of Health, and Drs. Tsai and Glick received salary support from
Merck.

Role of the Sponsor: The sponsors had no role in the designand conduct of the study; the collection, management,
analysis, and interpretation of the data; or the preparationof the manuscript. Merck had the right to review the
content of the manuscript, but the University retained the right to publish any results of the funded research.

References

1. Wang Y, Beydoun MA. The obesity epidemic in the United States - gender, age, socioeconomic,
racial/ethnic, and geographic characteristics: a systematic review and meta-regression analysis.
Epidemiologic Reviews. 2007; 29:6-28. [PubMed: 17510091]

2. Roux L, Donaldson C. Economics and obesity: costing the problem or evaluating solutions? Obes
Res. 2004; 12:173-179. [PubMed: 14981208]

3. Williamson DF, Narayan KM, Teutsch SM. The economic impact of obesity in the United States:
whither? Obes Res. 1998; 6:173-175. [PubMed: 9545025]

4. American Diabetes Association. Economic costs of diabetes in the U.S. Diabetes Care. 2007; 31:1—
20.

5. Centers for Disease Control and Prevention. Preventing heart disease and stroke. [July 18, 2007].
Accessed at http://www.cdc.gov/nccdphp/publications/factsheets/Prevention/cvh.htm on

6. Kortt MA, Langley PC, Cox ER. A review of cost-of-illness studies on obesity. Clinical
Therapeutics. 1998; 20:772-779. [PubMed: 9737836]

7. Powers KA, Rehrig St, Jones DB. Financial impact of obesity and bariatric surgery. Med Clin North
Am. 2007; 91:321-338. [PubMed: 17509381]

8. Thompson D, Wolf AM. The medical-care cost burden of obesity. Obes Rev. 2001; 2:189-197.
[PubMed: 12120104]

9. Popkin BM, Kim S, Rusev ER, Du S, Zizza C. Measuring the full economic costs of diet, physical
activity and obesity-related chronic diseases. Obes Rev. 2006; 7:271-293. [PubMed: 16866975]

10. Wolf AM. What is the economic case for treating obesity? Obes Res. 1998; 6:2S5-7S. [PubMed:

9569170]

Obes Rev. Author manuscript; available in PMC 2012 January 1.


http://www.cdc.gov/nccdphp/publications/factsheets/Prevention/cvh.htm

1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Tsai et al.

11

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

Page 8

. Andreyeva T, Sturm R, Ringel JS. Moderate and severe obesity have large differences in health

care costs. Obes Res. 2004; 12:1936-1943. [PubMed: 15687394]

Arterburn DE, Maciejewski ML, Tsevat J. Impact of morbid obesity on medical expenditures in
adults. Int J Obes. 2005; 29:334-339.

Finkelstein EA, Fiebelkorn IC, Wang G. National medical spending attributable to overweight and
obesity: how much, and who’s paying? Health Affairs. 2003; W3:219-226.

Finkelstein E, Fiebelkorn C, Wang G. The costs of obesity among full-time employees. Am J
Health Promot. 2005; 20:45-51. [PubMed: 16171161]

Finkelstein EA, Trogdon JG, Cohen JW, Dietz W. Annual Medical Spending Attributable To
Obesity: Payer- And Service-Specific Estimates. Health Affairs. 2009; 28:W822-W831. [PubMed:
19635784]

Heithoff KA, Cuffel BJ, Kennedy S, Peters J. The association between body mass and health care
expenditures. Clinical Therapeutics. 1997; 19:811-820. [PubMed: 9377623]

Sturm R. The effects of obesity, smoking, and drinking on medical problems and costs. Health
Affairs. 2002; 21:245-253. [PubMed: 11900166]

Sturm R, Ringel JS, Andreyeva T. Increasing obesity rates and disability trends. Health Aff. 2004;
23:199-205.

Thorpe KE, Florence CS, Howard DH, Joski P. The rising prevalence of treated disease: effects on
private health insurance spending. Health Aff. 2005; W5:317-325.

Wang G, Zheng ZJ, Heath G, Macera C, Pratt M, Buchner D. Economic burden of cardiovascular
disease associated with excess body weight in U.S. adults. Am J Prev Med. 2002; 23:1-6.
[PubMed: 12093416]

Wolf AM, Finer N, Allshouse AA, Pendergast KB, Sherrill BH, Caterson I, Hill JO, Aronne LJ,
Hauner H, Radigue C, Amand C, Despres JP. PROCEED: Prospective Obesity Cohort of
Economic Evaluation and Determinants: baseline health and healthcare utilization of the US
sample. Diabetes Obes Metab. 2008; 10:1248-1260. [PubMed: 18721258]

Anderson LH, Martinson BC, Crain AL, Pronk NP, Whitebird RR, Fine LJ, O’Connor PJ. Health
care charges associated with physical inactivity, overweight, and obesity. Prev Chronic Dis. 2005;
2:1-12.

Bungum T, Satterwhite M, Jackson AW, Morrow JR. The relationship of body mass index,
medical costs, and job absenteeism. Am J Health Behav. 2003; 27:456-462. [PubMed: 12882439]
Burton WN, Chen CY, Schultz AB, Edington DW. The economic costs associated with body mass
index in a workplace. J Occup Environ Med. 1998; 40:786-792. [PubMed: 9777562]

Cornier MA, Tate CW, Grunwald GK, Bessesen DH. Relationship between waist circumference,
body mass index, and medical care costs. Obes Res. 2002; 10:1167-1172. [PubMed: 12429881]
Daviglus ML, Liu K, Yan LL, Pirzada A, Manheim L, Manning W, Carside DB, Wang R, Dyer
AR, Greenland P, Stamler J. Relation of body mass index in young adulthood and middle age to
Medicare expenditures in older age. JAMA. 2004; 292:2743-2749. [PubMed: 15585734]

Durden ED, Huse D, Ben-Joseph R, Chug BC. Economic costs of obesity to self-insured
employers. J Occup Environ Med. 2008; 50:991-997. [PubMed: 18784546]

Long DA, Reed R, Lehman G. The cost of lifestyle health risks: obesity. J Occup Environ Med.
2006; 48:244-251. [PubMed: 16531828]

Quesenberry CP, Can B, Jacobson A. Obesity, health services use, and health care costs among
members of a health maintenance organization. Arch Intern Med. 1998; 158:466—472. [PubMed:
9508224]

Raebel MA, Malone DC, Conner DA, Up S, Porter JA, Linty FA. Health services use and health
care costs of obese and no obese individuals. Arch Intern Med. 2004; 164:2135-2140. [PubMed:
15505127]

Thompson D, Brown JB, Nichols GA, Elmer PJ, Oster G. Body mass index and future healthcare
costs: a retrospective cohort study. Obes Res. 2001; 9:210-218. [PubMed: 11323447]

Tucker LA, Clegg AG. Differences in health care costs and utilization among adults with selected
lifestyle-related risk factors. Am J Health Promot. 2002; 16:225-233. [PubMed: 11913328]

Obes Rev. Author manuscript; available in PMC 2012 January 1.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Tsai et al.

33.

34.

35.

36.

37.

38

39.

40.

41

42.

43.

44,

45,

46.

47.

48.

49.

50.

51.

52

53.

54.

Page 9

Wang F, McDonald T, Refit B, Edington DW. Relationship of body mass index and physical
activity to health care costs among employees. J Occup Environ Med. 2004; 46:428-436.
[PubMed: 15167389]

Wang F, McDonald T, Refit B, Edington DW. BMI, physical activity, and health care utilization/
costs among Medicare retirees. Obes Res. 2005; 13:1450-1457. [PubMed: 16129728]

Oster G, Eldersburg J, O’Sullivan AK, Thompson D. The clinical and economic burden of obesity
in a managed care setting. Am J Manage Care. 2000; 6:681-689.

Thompson D, Eldersburg J, Kinsey KL, Oster G. Estimated economic costs of obesity to U.S.
business. Am J Health Promot. 1998; 13:120-127. [PubMed: 10346659]

Wolf AM, Colditz GA. Social and economic effects of body weight in the United States. Am J Clin
Nut. 1996; 63:466S-469S.

. Wolf AM, Colditz GA. Current estimates of the economic cost of obesity in the United States.

Obes Res. 1998; 6:97-106. [PubMed: 9545015]
Allison DB, Annuli R, Narayan KM. The direct health care costs of obesity in the United States.
Am J Pub Health. 1999; 89:1194-1199. [PubMed: 10432905]

Gorsky RD, Amok E, Williamson DF, Shaffer PA, Kaplan JP. The 25-year health care costs of
women who remain overweight after 40 years of age. Am J Prev Med. 1996; 20:388-394.
[PubMed: 8909650]

. Lakdawalla DN, Goldman DP, Shan B. The health and cost consequences of obesity among the

future elderly. Health Affairs. 2005; W5:30-41.

Thompson D, Eldersburg J, Colditz GA, Bird AP, Oster G. Lifetime health and economic
consequences of obesity. Arch Intern Med. 1999; 159:2177-2183. [PubMed: 10527295]
Tucker DM, Palmer AJ, Valentine WJ, Rose S, Ray JA. Counting the costs of overweight and
obesity: modeling clinical and cost outcomes. Cur Med Rees Open. 2006; 22:575-586.
Finkelstein EA, Fiebelkorn IC, Wang G. State-level estimates of annual medical expenditures
attributable to obesity. Obes Res. 2004; 12:18-24. [PubMed: 14742838]

Thorpe KE, Florence CS, Howard DH, Joski P. The impact of obesity on rising medical spending.
Health Aff. 2004; W4:480-486.

Wang F, Schultz AB, Music S, McDonald T, Hirschland D, Edington DW. The relationship
between National Heart, Lung, and Blood Institute Weight Guidelines and concurrent medical
costs in a manufacturing population. Am J Health Promotion. 2003; 17:183-189.

Wee CC, Phillips RS, Legends ATR, Davis RB, Sunup JR, Colditz GA, Hamel MB. Health care
expenditures associated with overweight and obesity among US adults: importance of age and
race. Am J Public Health. 2005; 95:159-165. [PubMed: 15623877]

Wolf AM, Colditz GA. The cost of obesity: the US perspective. Pharmacoeconomics. 1994; 5:34—
37. [PubMed: 10147247]

Yang Z, Hall AG. The financial burden of overweight and obesity among elderly Americans: the
dynamics of weight, longevity, and health care cost. Health Serv Res. 2008; 43:849-868.
[PubMed: 18454771]

Wang Y, Beydoun MA, Liang L, Caballero B, Kumanyika SK. Will all Americans become
overweight or obese? Estimating the progression and cost of the US obesity epidemic. Obesity.
2008; 16:2323-2330. [PubMed: 18719634]

Pronk NP, Goodman MJ, O’Connor PJ, Martinson BC. Relationship between modifiable health
risks and short-term health care charges. JAMA. 1999; 282:2235-2239. [PubMed: 10605975]

. Finkelstein EA, Trogdon JG, Brown DS, Allaire BT, Dellea PS, Kamal-Bahl SJ. The lifetime

medical cost burden of overweight and obesity: implications for obesity prevention. Obesity. 2008;
16:1843-1848. [PubMed: 18535543]

Anderson DR, Whitmer RW, Ozminkowski RJ, Dunn RL, Wasserman J. The relationship between
modifiable health risks and group-level health care expenditures. Health Enhancement Research
Organization (HERO) Research Committee. Am J Health Promotion. 2000; 15:45-52.

Goetzel RZ, Anderson DR, Whitmer RW, Ozminkowski RJ, Dunn RL, Wasserman J. The
relationship between modifiable health risks and health care expenditures. An analysis of the
multi-employer HERO health risk and cost database. The Health Enhancement Research

Obes Rev. Author manuscript; available in PMC 2012 January 1.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Tsai et al.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

Page 10

Organization (HERO) Research Committee. J Occup Environ Med. 1998; 40:843-854. [PubMed:
9800168]

Robbins AS, Chao SY, Russ CR, Fonseca VP. Costs of excess body weight among active duty
personnel, U.S. Air Force, 1997. Mil Med. 2002; 167:393-397. [PubMed: 12053847]

Curtis LH, Hammill BG, Bethel MA, Anstrom KJ, Gottdiener JS, Schulman KA. Costs of the
metabolic syndrome in elderly individuals: findings from the Cardiovascular Health Study.
Diabetes Care. 2007; 30:2553-2558. [PubMed: 17623825]

Bradham DD, South BR, Saunder HJ, Heuser MD, Pane KW, Dennis KE. Obesity-related
hospitalization costs to the U.S. Navy, 1993 to 1998. Mil Med. 2001; 166:1-10. [PubMed:
11197088]

Hoiberg A, McNally MS. Profiling overweight patients in the U.S. Navy: health conditions and
costs. Mil Med. 1991; 156:76-82. [PubMed: 1900594]

Chwastiak LA, Rosenheck RA, McEvoy JP, Stroup TS, Swartz MS, Davis SM, Lieberman JA. The
impact of obesity on health care costs among persons with schizophrenia. Gen Hosp Psychiatry.
2009; 31:1-7. [PubMed: 19134502]

Colditz GA. Economic costs of obesity. Am J Clin Nutr. 1992; 55:503S-507S. [PubMed:
1733119]

Levine B. What does the population attributable fraction mean? Prev Chronic Dis. 2007; 4:A14.
[PubMed: 17173722]

Ogden CL, Carroll MD, Curtin LR, McDowell MA, Tabak CJ, Flegal KM. Prevalence of
overweight and obesity in the United States. JAMA. 2006; 295:1549-1555. [PubMed: 16595758]

Must A, Spadano J, Coakley EH, Field AE, Colditz G, Dietz WH. The disease burden associated
with overweight and obesity. JAMA. 1999; 282:1529-1529.

Medicare Payment Advisory Commission. Health care spending and the Medicare program.
Accessed at

http://www.medpac.gov/publications/congressional_reports/
Jun04DataBook_Entire_report_links.pdf on October 28, 2005

Keehan S, Sisko A, Truffer C, et al. Health spending projections through 2017: the baby-boom
generation is coming to Medicare. Health Aff. 2008; 27:w145-155.

Feinstein AR, Sosin DM, Wells CK. The Will Rogers phenomenon: stage migration and new
diagnostic techniques as a source of misleading statistics for survival in cancer. N Engl J Med.
1985; 312:1604-1608. [PubMed: 4000199]

Birmingham CL, Muller JL, Palepu A, Spinelli JJ, Anis AH. The cost of obesity in Canada. CMAJ.
1999; 160:483-488. [PubMed: 10081464]

Detournay B, Fagnani F, Phillippo M, Pribil C, Charles Ma, Sermet C, Basdevant A, Eschwege E.
Obesity morbidity and health care costs in France: an analysis of the 1991-1992 Medical Care
Household Survey. Int J Obes. 2000; 24:151-155.

Katzmarzyk PT, Janssen I. The economic costs associated with physical inactivity and obesity in
Canada: an update. Can J Appl Physiol. 2004; 29:90-115. [PubMed: 15001807]

Sander B, Bergemann R. Economic burden of obesity and its complications in Germany. Eur J
Health Econ. 2003; 4:248-253. [PubMed: 15609192]

Levi J, Segal LM, Gadola E. F as in Fat: how obesity policies are failing in America. Trust for
America’s Health. 2007

Allison DB, Downey M, Atkinson RL, Billington CJ, Bray GA, Eckel RH, Finkelstein EA, Jensen
MD, Tremblay A. Obesity as a disease: a white paper on evidence and arguments commissioned
by the council of the obesity society. Obesity. 2008; 16:1161-1177. [PubMed: 18464753]
Cremieux PY, Buchwald H, Shikora SA, Ghosh A, Yang HE, Buessing M. A study on the
economic impact of bariatric surgery. Am J Manag Care. 2008; 14:589-596. [PubMed: 18778174]
Finkelstein EA, Brown DS. A cost-benefit simulation model of coverage for bariatric surgery
among full-time employees. Am J Manag Care. 2005; 11:641-646. [PubMed: 16232005]

Obes Rev. Author manuscript; available in PMC 2012 January 1.


http://www.medpac.gov/publications/congressional_reports/Jun04DataBook_Entire_report_links.pdf
http://www.medpac.gov/publications/congressional_reports/Jun04DataBook_Entire_report_links.pdf

Page 11

'S’ 40 uoifiai ‘asn 029eq0}
'SNyels [eylew ‘awoaul
ployasnoy ‘uoiyeanpa
‘Aud1uyys/aoel Liapusb ‘aby

anem AsAIns 'S N Jo uoibal
‘asn Joyoa|e ‘asn 029eqo}
‘snje)s aouBINSUl Y3y
‘SnJels [epew ‘awoaul
ployasnoy ‘uoneanpa
‘Aud1uyys/aoed Liapusb ‘aby

asn
Joyooye ‘asn 009eqo) ‘aby

SNJe}S 8ouRINSUI Yesy ‘asn
022€00} {3WO02Ul pjoyasnoy
{A1o1uyya/adel Liapuab ‘aby

'S’ 40 uoifiai tasn 029eq0}
'SNyels [eylew ‘awoaul
ployasnoy ‘uoiyeanpa
‘Aud1uyysyaoed fiapushb aby

'S'N Jo

uoiBal ‘asn 022ego} ‘BLodUl
ployasnoy ‘uoneanpas
{A1o1uyie/aoel fiapuab ‘aby

'S'N 40 uoibal

'SnJels [eLlew ‘swoaul
ployasnoy :|ans) [euoneanpa
{A1o1uyya/adel Liapuab ‘aby

asn 029eqo}

'SNJels [epsew ‘snyeis
aoUBINSUI Y}[eay ‘awooul
ployasnoy ‘uoneanpas
{A1o1uyie/aoel fiapuab ‘aby

anem AsAIns i's'N 4o uoibal
‘asn JoyoaJe ‘asn 039eqo}
'SNJels [epsew ‘snyeis
aoUBINSUI Y}[eay ‘awooul
ployasnoy ‘uoneanpas
{A1o1uyie/aoel fiapuab ‘aby

pasnlpy

pasnlpy

paisnipy

paisnipy

pasnlpy

pasnlpy

paisnipy

pasnlpy

pasnlpy

OH IV

OH IV

OH IV

OH IV

OH IIV

JH IV

OH IV

JH IV

JH IV

parebalbby

paynens

pajebalbby

paiiens

parebalbby

payiens

pajebalbby

payiens

payiens

parehabby

paynens

payebalbby

payirens

parehaibby

paynens

payebaibby

payebalbby

paynens

(59-8T) pafojdwig

ajdwesgns

(59-81) pakojdwz

(59-81) pakojdwz

(8T <) sunpe |1

(59-8T) pakojdwz

(8T =) sunpe IV

(8T <) sunpe IV

(69-15) :a1dwesgns

PaxXIN

180D

ainypuadx3y

ainypuadx3y

ainipuadx3

ainupuadx3y

ainypuadx3y

ainupuadx3y

ainupuadx3y

pJepuels

(69-05) pIepuers

paepuelS

paepuelS

pJepuels

piepuels

paepuelS

piepuels

piepuels

€002

¢66T

8661

€661

8002

7002

8661

000¢

¢00¢

2002 2867

0002

866T—L66T

1861

9002 ‘8667

T00¢—000¢

8661

000¢

000¢—966T

v.6'€T

GZ8'6

000°0T

LT2'9T

(9002) L28'T2

:(866T) L6501

62€0C

198'6

292'9T

29.'8

SdIN ‘SINN

SS9 ‘SHH

O0H

S3INN

Sd3aN

Sd3aN

Sd3IN

Sd3aN

SdH

g7(G002) adioy L

g7(r002) Wwims

,7(2002) wims

o7(£66T) HoupteH

7(6002) UtRIsiaquId |

1(6002) utRisjaxulg

¢7(€002) UlRIs|aqUIS |

z1(5002) uinqieuy ||

17(#002) BASAaIpUY

(anneiuasalday AjfeuoiieN) saipnis [eUOII3S SS01D/1I0Y0D

sisAfeuy
ur 104 passnipy
sa|qelden

S1|nsey
paisnipy

1500
10
adAL +

sse|D
Ausaqo

19puUsS

(sbuey sbvy)
by i

Bunuoday
1500

oo
INg

Bunioday
1500
JO Jed A

uona’||0D
eleq
10 (S)des A

8zIs
a)dwes

$304N0S
eeq

Apms

; available in PMC 2012 January 1.

Obes Rev. Author manuscript

Tsai et al.

M3IABJ 8] Ul papn|aul SaIpnis €€ ay1 JO SaNnsuaIdeIeyD
TalqeL
NIH-PA Author Manuscript

NIH-PA Author Manuscript NIH-PA Author Manuscript



Page 12

Tsai et al.

SN1eIS Yi|eay ||elano
‘Aianoe jeaisAyd ‘saseasip
a1uo.y9 ‘apuab ‘aby 5

(¥
”%m_\evgo_a&m @

suolresodlod

e(v002) 4 ‘Buem

yiod OHIIVY perebeiiby  perebeidby ainppuadx3 piepuels 2002 16-966T 06v'€z  'S'n abue| noy yo saakojdw
‘S’ UIsIsem )
Japuab ‘aby paisnlpy  JHIIY  palebaibby  parebaibby (89-8T) pakojdw3  ainipuadx3 plepueisuoN S—166T G6—1766T 286 ur Auedwod ABojouyda | Nmﬁwoomv 148Nt
sopuab 9By paisnfpy  OHIlY  peleBeibBy  pewefaibby  (p9-ge) pekojdwz  paxin pIEpUEIS 8667 866T-0661 9821 uoBaig ‘dyl  1¢(7002) vosduwioy L
21098 Zui/Bx
9seasip OlU0JYD Luspush 'afy  paisnipy  OH IV palefaibby  pseBaibby (v8-TZ) sunpe Iy paxin 6'L2 < :PIEPUEISUON 866T 000Z-666T v9L'T 0peIojoD ‘d)l 0g(¥002) 19Goey
(6
sopusbeby  paisnlpy  OHIlY  paymens  pewbaibby  UBIN) SINPEIIY g 1500 pIepUEIS v66T £66T 8IT'L1 BILIOJRD WIBION ‘dyl 62 (866T) A113qUSaND
Auisaqo ueys Jayio 5101085
SSUUIERY BIAISBUIUIN G pajsnfpy  OH MO  perebeibby  paynens (81 2) sunpe |1y 150D paepuelS 002 ¥002-0002  Papinoid 10N 6 wouy s1akojdws ‘SN 19 g2(9002) buoT
Apnis Jo Jeak
'S'N 4o uoibai ‘adAy Ansnpul
‘snyels uolunuouyuolun ‘adAy
30UBJINSUI Y1[B8Y ‘aWiodul ) (v siekojdws g’ abue)
Jeuosiad ‘ispuab ‘aby wog  JH IV paynens  pajebeibby ‘uea|N) pakojdwz g 150D pJepuels 5002 5002-£002 786'88 BUIU ‘UDIeasaY UBISISY BN 12(8002) uepn@
35N 0298q0] ‘UOITEINPS UOIJRIN0SSY 6
‘Rututpayaoel ‘aby wog OHIIY  peunens  paynens (s9=)aidwesgns  sbreyo pJepuelS 200z £46T-196T ‘2002 —¥86T 10921 LeaH 06ealyd ‘SIND 9z(r002) snibireq
A
/B €< '¥€-5'8Z 'G'8¢
8sn 002eq0} —GZ 'Gg > :s9|1uend
‘Ayotuusjeoes tiepusb laby  paisnipy  OH IV papnens  psieBaibby (ve-sT) sunpe iy 8bueyd PIEPUEISUON 8-/66T 866T vZy  JeIusD [edIPaN Lp[eaH JeAuaq G2(€002) Ja1uiod
Wb £/ < :uswom
) (se W/ 822 nons@
sweunsnfpe oN  paisnfpeun  OH Iy parebaibby  paynens  UPIN) PaoldWI g gfeyy < {UBJN PIRPUBISUON 966T S66T-686T 990'e 40 jueg [euoneN/oBeaIyD 1si1d z(866T) UoUNg
AN12 °S" () UI9ISBMUINOS
swawisnfpe oN  paisnfpeun  OH YO  parebaibby  payebaibby (89-6T) pakojdwa  sbreyn pIepuels 9-G66T 866T-£66T 992 © WOl elep swiej £z(€002) wnbung
uspIng aseasip
a1u04yd ‘AAnoe |earsAyd
‘asn 02eq0) ‘Jopuab ‘eBy  paisnlpeun  OH IV pelebaifby  paebeibby (ot =) ajdwesgns abreyn plepuels /66T 666T-966T 000'8 ©J0SAUUIIA ‘Slaulied LijeaH 72(6002) uosispuy
(enneIUBsaIday SS91) SAIPNIS [BUONJAS SSOID/HI0Y0D
SUOnIPUOd
PIGIOW-09 ‘39USJBJLININID
1SIeM SnJe)s 8oUBINSUI [esy
‘asN [0yoe ‘asN 03eq0) dNoH
‘uojeanpa ‘uapush ‘aby paisnlpy  OH IV  parebaibby  pajebalbby (5,-g¢) a|dwesgns 1500 prepuels 7002 5002-7002 /90T !s199un|oA |jod auljuo sLeH Hmﬁwoomv HO0M
sepusBisby  pasnlpy  OH IV peebeifby  paniens (sz2)sunpe iy ainppusdxg pIepuUBlS 9661 966T 2.8' saan  0g(c002) O buemy,
sisAfeuy s nsay 150D sse|D Japuss) (ebuey aby)  Bunuoday yoiny  Buiaodey uon99|10D azIs $304N0S Apms
ur oy pasnlpy  parsnlpy j0 Ausaqo by | 150D INg 180D eleq ajdwes eleq
So|qeLIeA odAL 4 > JO JBa A 1O (S)4ea A *

NIH-PA Author Manuscript

NIH-PA Author Manuscript

NIH-PA Author Manuscript

; available in PMC 2012 January 1.

Obes Rev. Author manuscript



Page 13

Tsai et al.

G9 abe > synpe 0 siajal pakojduua ‘pjo s1eak T Z S|ENPIAIPUI [[B 0 SIaJal S)NPe [[e ‘sjenplAIpul A1ap|a o AjJap|a-1eau Ajjensn ased iy} ul ‘synpe paiotLisal-abe o) siayal sjdwesgns

}

*8590 se s108[qns
[3/e] 0} ;LB 82~/ 4O SH0IND PasN LSO 1|0 3U3M LDIYM JO ISOLU ‘SHOIND PIEPUEISUOU PasN Jeu) S3IpMS "asadjo Se ;WG 0F X 1IN & LU 3SoU) pue 1yBIamiano se ;B 6'62-G2 4O < (IING) Xapul ssew APog e L3Im s)Npe PalyISse|d S|oIND [N PJepUEls Pasn Jel saipmis

*¥

Ranung Areroljauag 1usiIng a1edIpaiN = SEOIN ASAINS uoIfeUILIEXT UONLINN PUB Yl[esH [euoiieN = SINVHN ‘alusuellad Jasied = 4> ‘Se0IAIaS aIedlpaA 104 1a1us) = SIND
“108l01d UOIEZIINN PUR 150D 31edyl[eaH = dNDH ‘ASAING 30UE|[IBAINS 10108 XSIY [eI0IARYag = SSH4Hg ‘SIUNWIWIOD J0J 81eD YIeaH = DDH ‘AsAINg ainipuadx3 [ealpapy [euoleN = STIAIN ‘AsAIng [aued ainiipuadx3 [eaIPaIAl = ST ‘APMS JUsWaINay pue yjesH = SYH

2W/Bx v pue 4z
JO |ING 40} sarewnss

1115994n0S 3jdnINI

¢p(9002) ‘4oL

wauwisnfpeoN  pasnlpeun  OH IV paiens paiyiens (59-02) pafojdw3 1500 I0d pJepuelsuoN 7002 002 V/N
/B
G /€ PUB ‘SZE ‘G LT
10 [IN'g 10} SarRWIISS
waunsnfpe oN  paisnfpeun  OH YO PauneNS  paunens (v9-G¢) pakojdwz  paxiy 1U10d PIRPUBISUON 966T PaQLIASaP 10N VIN e SOOINOS BRI 74, (666T) UOSdwioy L
snJels [euonouny
‘asn 020.(0] ‘UONELINP?
‘Aoiuypayeoes tiapush by paisnipy  OH IV patebaibby  parebaibby (g9 =) aidwesgns  aimipuadx3 pJepuelS 002 866T-266T VIN saow  Tp(5002) BlfemepyE]
LW/B 62 < 319188,
NE
/B GZ < ..81eI8PON, p i
waunsnfpe oN  paisnfpeun  OH MO paeBaiBby  paunens (9-0v) ojdwesgng  paxi :pJepURISUON 066T 066T VIN [4[,S824N0S BIARINA 0p(966T) Hts109
NE
s Auenow 9By paisnipy  OHHO  paleBaibby  paefaibby (v8-LT) sunpe |Iv 1500 /6% 62 < :pJepueISUON 66T PaQLIIsaP 10N VIN @@s22n0S aldnInpy pe(666T) UostilY
sa1pns BuljepoIN
NE
wawisnfpe oN  paisnfpeun  OH YO  pareBaibby  payebeifby (v8—LT) sunpe |1y 1500 /6% 62 < :pIepUEISUON 5661 66T-886T 192'08 #590In0s BN ge(8661) 41oM
N_.t
wawnsnfpe oN  paisnfpeun  OH MO pareBaiBby  pojeBaibby (81 2) sunpe |1y 1500 /6 G2 < :pJepueIsuoN £66T 886T  papinoid JoN 44580n0s ajdniny 1£(9661) J10m
JW/Bx 62 <
..819A3S 0] 31RISPOIA,,
2W/Bx 5z ”
wewisnfpe oN  paisnfpeun  OH YO  pereBeibby  peyebeibby (v9-57) pahojdwa  PeXIN < DI, PIEPUBISUON 66T v66T-€66T  Papinoid 1oN yyseounos 2N g (8661) uosdwioy L
LW/Bx 62 <
..819A3S 0] 31RISPOIA,,
2w/bx Gz ‘S°( 1SMULIoU
wauwnsnipe oN  pasnlpeun  DH YO  palelalbby paiyens (8-5¢€) synpe [ paxIN Z PIIA,, piepuelsuoN 966T paqLIosap 10N V/IN u1 uoneziueblo ared pabeuey mmﬁooomv 13150
SaIpMS sk 8qeNgLNY
SN1eIS Yi[eay [[elano
‘Q1nnoe _ﬁo_m\fo_ Mommmm_u uoneodio) .
owoiyd 4apuab 30V g6 parsnlpy  OH IV peteBaibby  peyebeibby (59 2) aidwesgns  abreyo pJepuelS 2002 2002-T002 025'zy  SIOIOW [J3USS) WO S8aINSY pg(5002) 4 ‘Buem
sisAfeuy s nsay 150D sse|D Japuss) (ebuey aby)  Bunuoday yoiny  Buiaodey uon99|10D azIs $304N0S Apms
ur oy pasnlpy  parsnlpy j0 Ausaqo by | 150D INg 180D eleq ajdwes eleq
So|qeLIeA odAL 4 > JO JBa A 1O (S)4ea A *

NIH-PA Author Manuscript

NIH-PA Author Manuscript

NIH-PA Author Manuscript

Obes Rev. Author manuscript; available in PMC 2012 January 1.



Page 14

Tsai et al.

NIH-PA Author Manuscript

s1a10 Apnis AUIeUOI 2 SINVHN !111=1 SINVHN 'sonsieis Jogejo neaing |

SI9YI0 ‘aInnsu| yoleasay Adijod aseasiq MeaH Areuoso) Apnis HeaH weybulweld {11 SINVHN

¥

S13U10 ‘UOIIRI0SSY LBaH UBOLIBWY ‘|| SINWHN ‘Sonsnels yiesH 1oy 1eis)d _mco:mzf_.

SI8U10 S81eIS PaHUN 8U} JO SONSEIS [BUA ‘[11 SANVHN :(866T) 2|00 pue :ES@@
SIBY10 ‘UONEIN0SSY S31ageI( UedLsWY ‘(766T ‘886T) AaAINS MalAISIU| YijesH _mco_az*ﬁnw

SI8U10 ‘ApNIS YijeaH sesInN ‘(886T) AeAINS MalAIBU| YeaH [euoleN

1t

1810 ‘(£66T) ASAINS MAIAIBIU| U}[eaH [euOleN ‘Sonsiels Joge Jo :mw_zm_t

3] Jo Aujenb ‘ssans ‘yiesy pariodal-4|as ‘|oJaisaloyd ‘ainssaid poojq ‘asn 1jaq 1ess % ‘|oyodfe .ooomn_BmaW

auaIBAY |eIuap ssaus ‘Burjows ‘as1a1axa JO Xae| ‘aled [ereuald ‘ainssaid poojq ybiy fjossisajoyd ybiy ‘asnge aoueIsqns/|oyodfe ”mw_s_:_\ﬂc%_oomw
papino.d abe ueaw >_:O©

Apnis Aufenb :m__._F

"Z 31qe.L Ul palsl| aJe Joy parsnipe sajgeLieA “sasoubelp [ealpalu Jo/pue ‘|aAs] AAnoe [ealsAyd ‘asn 099egOo) pue [0Y0dJe ‘(SN1eIS 21WoU0280190s ‘A1oluyle ‘abe) solydelBowapoldos se yans sonstisloeseyd Juedionted Joy paisnipeun Jo vgw:_u,qu

suonIpuod pare|al-Alsaqo Ajpaneind Joy Ajuo Buipuads = QH HO ‘Buipuads ared yijeay e = OH __<ﬁ

NIH-PA Author Manuscript NIH-PA Author Manuscript

Obes Rev. Author manuscript; available in PMC 2012 January 1.



1duasnuey Joyiny vd-HIN 1duasnue Joyiny vd-HIN

wduosnue Joyiny vd-HIN

Tsai et al. Page 15

Table 2

Sources of Heterogeneity in Cost of Obesity Studies

Aggregated vs stratified (i.e., multiple) cost estimates
All ages (n = 12) vs age-specific (n=21)
Both genders (n = 22) vs gender-specific (n = 11)
All obesity (n = 19) vs obesity class-specific (n = 11)*
Standard (n = 21) vs nonstandard (n = 12) BMI levels used to define overweight/obesity
Estimates based on costs (n = 9) vs expenditures (n = 11) vs charges (n = 6) versus mixed reporting (n = 7)
National cost estimates (n = 7) vs per-person estimates (n = 26)
Estimates made for 1 year (n = 20) vs estimates made for multiple years (n = 13)
Year in which cost is expressed

Studies with national samples (n = 11) vs those with less representative samples (n = 13) vs attributable risk design (n = 4) vs decision modeling
(n=95)

Estimates for all adults (n = 12) vs estimates restricted to specific age groups (n = 21)
All health care costs (n = 24) vs costs for putatively obesity-related conditions only (n = 9)

Adjusted (n = 24) or unadjusted (n = 9) for characteristics of study participants

*
Among studies reporting costs for obesity (BMI > 30 kg/mz)
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Table 4

Incremental Cost Associated with Overweight and Obesity Stratified by Study Characteristics™

Study Characteristic Overweight Obesity Overweight &Obesity

Study Design

Nationally Representative Sample 792 (n=10) 2137 (n = 11) 1482 (n = 10)

Less Representative Sample 310 (n=10) 1249 (n=12) 902 (n=11)

Attributable Risk 288 (n=2) 1171 (n=3) 709 (n=3)

Modeling 180(n=2) 1722 (n=4) 1187 (n=2)
Body Mass Index (BMI) cutoff

Standard 612 (n=19) 1879 (n = 21) 1294 (n = 19)

Nonstandard 65(n=5) 1049 (n=9) 666 (N=7)
Cost Reporting Method

Costs 1060 (1=5) 2016 (n=9) 1881 (n = 5)

Charges™ 423(n=6) 1444 (n=6) 916 (n = 6)

Expenditures 311(n=9) 1656 (n=10) 1013 (n = 10)

Mixed 330(n=4) 1103 (n=5) 843 (n=5)
Health Care Costs

Obesity-related costs only 407 (n=4) 1031 (n=7) 723 (n=5)

All health care costs 516 (n=20) 1812 (n=23) 1220 (n=21)
Gender

Men 403 (n=8) 1453 (n=10) 991 (n=9)

Women 690 (n=9) 2207 (n=11) 1679 (n = 10)
Age Groups*

Adults 119(n=6) 1321 (n=11) 811(n=7)

Employed 255 (n=11) 1085 (n=12) 742 (n=12)

Limited 1205(n=7) 3049 (n=7) 2094 (n=7)
Characteristics of Participants

Adjusted’ 532 (n=15) 1817 (n = 18) 1235 (n = 16)

UnadjustedT 441 (n=9) 1409 (n=11) 948 (n = 10)

*
All estimates are in 2008 USD.

Charges were adjusted to costs using a single cost-to-charge ratio, as described in the text.

I“Adults" refers to all adults, “Employed” refers to younger adult populations (approximately ages 18-65), and “Limited” refers to age-restricted
samples, usually consisting of near-elderly or elderly adults.

TIncludes two studies that report both unadjusted and adjusted cost estimates.
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