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Abstract
Background—Obesity and knee osteoarthritis are among the most frequent chronic conditions
affecting Americans aged 50 to 84 years.

© 2011 American College of Physicians
Note: Dr. Losina had full access to all of the data in the study and takes responsibility for the integrity of the data and the accuracy of
the data analysis.
Potential Conflicts of Interest: Disclosures can be viewed at
www.acponline.org/authors/icmje/ConflictOfInterestForms.do?msNum=M10-2150.
Reproducible Research Statement: Study protocol, statistical code, and data set: Available from Dr. Losina (Elosina@partners.org).
Requests for Single Reprints: Elena Losina, PhD, Department of Orthopaedic Surgery, Orthopaedic and Arthritis Center for
Outcomes Research, Brigham and Women’s Hospital, 75 Francis Street, BC-4, Boston, MA 02115; Elosina@partners.org.
Current author addresses and author contributions are available at www.annals.org.
Current Author Addresses: Drs. Losina and Katz: Department of Orthopaedic Surgery, Orthopaedic and Arthritis Center for
Outcomes Research, Brigham and Women’s Hospital, 75 Francis Street, BC-4, Boston, MA 02115.
Dr. Walensky: Division of General Medicine, Massachusetts General Hospital, 50 Staniford Street, 9th Floor, Boston, MA 02114.
Mr. Reichmann, Ms. Holt, Ms. Gerlovin, and Mr. Weinstein: Orthopaedic and Arthritis Center for Outcomes Research, Brigham and
Women’s Hospital, 75 Francis Street, BC-4, Boston, MA 02115.
Dr. Solomon: Division of Rheumatology, Brigham and Women’s Hospital, 75 Francis Street, PBB-B3, Boston, MA 02115.
Dr. Jordan: Thurston Arthritis Research Center, University of North Carolina, 3300 Doc J. Thurston Jr. Building, CB #7280, Chapel
Hill, NC 27599-7280.
Dr. Hunter: Rheumatology Department, Royal North Shore Hospital and Northern Clinical School, University of Sydney, Sydney,
New South Wales, Australia.
Dr. Suter: Section of Rheumatology, Department of Internal Medicine, Yale University School of Medicine, 300 Cedar Street, Room
TAC S541, PO Box 208031, New Haven, CT 06520-8031.
Dr. Paltiel: Department of Epidemiology and Public Health, Yale School of Medicine, 60 College Street, New Haven, CT
06520-8034.
Author Contributions: Conception and design: E. Losina, R.P. Walensky, W.M. Reichmann, D.H. Solomon, J.M. Jordan, D.J.
Hunter, J.N. Katz.
Analysis and interpretation of the data: E. Losina, R.P. Walensky, H.L. Holt, H. Gerlovin, L.G. Suter, A.M. Weinstein, J.N. Katz.
Drafting of the article: E. Losina, R.P. Walensky, H.L. Holt, H. Gerlovin, L.G. Suter, A.M. Weinstein, J.N. Katz.
Critical revision of the article for important intellectual content: E. Losina, R.P. Walensky, W.M. Reichmann, D.H. Solomon, J.M.
Jordan, D.J. Hunter, L.G. Suter, A.D. Paltiel, J.N. Katz.
Final approval of the article: E. Losina, R.P. Walensky, W.M. Reichmann, H. Gerlovin, J.M. Jordan, D.J. Hunter, L.G. Suter, A.M.
Weinstein, A.D. Paltiel, J.N. Katz.
Provision of study materials or patients: J.M. Jordan.
Statistical expertise: E. Losina, W.M. Reichmann.
Obtaining of funding: E. Losina.
Administrative, technical, or logistic support: H.L. Holt, H. Gerlovin, D.H. Solomon, A.M. Weinstein, J.N. Katz.
Collection and assembly of data: E. Losina, W.M. Reichmann, H.L. Holt, A.M. Weinstein, J.N. Katz.

NIH Public Access
Author Manuscript
Ann Intern Med. Author manuscript; available in PMC 2012 February 15.

Published in final edited form as:
Ann Intern Med. 2011 February 15; 154(4): 217–226. doi:10.1059/0003-4819-154-4-201102150-00001.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

http://www.acponline.org/authors/icmje/ConflictOfInterestForms.do?msNum=M10-2150
http://www.annals.org


Objective—To estimate quality-adjusted life-years lost due to obesity and knee osteoarthritis and
health benefits of reducing obesity prevalence to levels observed a decade ago.

Design—The U.S. Census and obesity data from national data sources were combined with
estimated prevalence of symptomatic knee osteoarthritis to assign persons aged 50 to 84 years to 4
subpopulations: nonobese without knee osteoarthritis (reference group), nonobese with knee
osteoarthritis, obese without knee osteoarthritis, and obese with knee osteoarthritis. The
Osteoarthritis Policy Model, a computer simulation model of knee osteoarthritis and obesity, was
used to estimate quality-adjusted life-year losses due to knee osteoarthritis and obesity in
comparison with the reference group.

Setting—United States.

Participants—U.S. population aged 50 to 84 years.

Measurements—Quality-adjusted life-years lost owing to knee osteoarthritis and obesity.

Results—Estimated total losses of per-person quality-adjusted life-years ranged from 1.857 in
nonobese persons with knee osteoarthritis to 3.501 for persons affected by both conditions,
resulting in a total of 86.0 million quality-adjusted life-years lost due to obesity, knee
osteoarthritis, or both. Quality-adjusted life-years lost due to knee osteoarthritis and/or obesity
represent 10% to 25% of the remaining quality-adjusted survival of persons aged 50 to 84 years.
Hispanic and black women had disproportionately high losses. Model findings suggested that
reversing obesity prevalence to levels seen 10 years ago would avert 178 071 cases of coronary
heart disease, 889 872 cases of diabetes, and 111 206 total knee replacements. Such a reduction in
obesity would increase the quantity of life by 6 318 030 years and improve life expectancy by 7
812 120 quality-adjusted years in U.S. adults aged 50 to 84 years.

Limitations—Comorbidity incidences were derived from prevalence estimates on the basis of
life expectancy of the general population, potentially resulting in conservative underestimates.
Calibration analyses were conducted to ensure comparability of model-based projections and data
from external sources.

Conclusion—The number of quality-adjusted life-years lost owing to knee osteoarthritis and
obesity seems to be substantial, with black and Hispanic women experiencing disproportionate
losses. Reducing mean body mass index to the levels observed a decade ago in this population
would yield substantial health benefits.

Primary Funding Source—The National Institutes of Health and the Arthritis Foundation.

The U.S. obesity epidemic and longer life expectancy have contributed to high prevalence
and incidence of knee osteoarthritis in older Americans (1-5). In fact, obesity and knee
osteoarthritis are among the most frequent comorbid conditions in this age group in the
United States (6-8). Obesity leads to a higher prevalence of major chronic diseases, such as
diabetes mellitus, coronary heart disease, chronic obstructive pulmonary disease, and
musculoskeletal conditions (9-13). In addition to indirect effects from associated comorbid
conditions, obesity directly influences both quantity and quality of life (14-17).

Knee osteoarthritis is a chronic condition characterized by loss of joint function and
persistent pain, both of which diminish health-related quality of life (18). Osteoarthritis is
the fourth leading source of nonfatal health burden, accounting for 3% of total years lived
with a disability (19). Knee osteoarthritis is among the most prevalent and disabling types of
osteoarthritis (20). The epidemics of obesity and knee osteoarthritis in the United States
disproportionately affect women, especially black women (21, 22).

Both osteoarthritis and obesity can be prevented through lifestyle modifications (23), yet the
prevalence of both conditions is on the rise (24, 25). For health-related messages to change
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behavior, persons must view the problem as relevant and serious, and they must perceive
behavior change as beneficial. Patients are more receptive to health information when it is
framed in terms of potential gains (26) and when those gains are depicted in persons of their
own race and sex (27). By equipping physicians and public health officials with estimates of
quality-adjusted life-years lost owing to obesity and knee osteoarthritis, our research will
enable them to convey the rationale for behavior change to patients and the public.

We assessed the longitudinal effect of obesity and knee osteoarthritis on remaining duration
and quality of life in a population with the highest burden of both conditions: persons aged
50 to 84 years. We used a comprehensive modeling approach that takes the following factors
into account: the race- and sex-specific prevalence of obesity and knee osteoarthritis and
other obesity-related comorbid conditions, such as coronary heart disease, diabetes mellitus,
cancer, chronic obstructive pulmonary disease, and musculoskeletal conditions; the effect of
obesity and its associated comorbid conditions on mortality and quality of life; and tangible
societal benefits (expressed as averted cases of coronary heart disease, diabetes mellitus, and
total knee replacement) of implementing weight-control programs that reduce the mean
population-based body mass index (BMI). To our knowledge, this study is the first to
quantify the survival and quality-of-life benefits of obesity prevention for race- and sex-
defined populations.

METHODS
Analytic Overview

We used the Osteoarthritis Policy (OAPol) Model to estimate quality-adjusted life-years lost
in the U.S. population aged 50 to 84 years with obesity, symptomatic knee osteoarthritis, or
both over the remaining lifespan. To accurately account for the population distribution and
increasing prevalence of knee osteoarthritis with age, we conducted analyses within 5-year
age strata and aggregated results across these strata. This approach allowed us to
demonstrate the increased effect of knee osteoarthritis in older age groups. (For details, see
Part III of the Supplement, available at www.annals.org).

We considered 4 cohorts: nonobese persons without symptomatic knee osteoarthritis
(reference), nonobese persons with symptomatic knee osteoarthritis, obese persons without
symptomatic knee osteoarthritis, and obese persons with symptomatic knee osteoarthritis.
The mean per-person quality-adjusted life-years lost in the cohorts with symptomatic knee
osteoarthritis, obesity, or both were estimated by subtracting the quality-adjusted life
expectancy in each cohort from the quality-adjusted life expectancy in the reference group.
These calculations were stratified by sex and race or ethnicity. To determine the
populationbased quality-adjusted life-years lost in persons with knee osteoarthritis, obesity,
or both conditions, we multiplied the average per-person losses by the size of each raceor
ethnicity-, sex-, osteoarthritis-, and obesity-specific population in the United States.

OAPol Model Structure
The OAPol Model is a computer-based, state transition, Monte Carlo simulation estimating
quality-adjusted life expectancy in persons with obesity, knee osteoarthritis, or both (Figure
1). State transition means that the model characterizes each person’s clinical progression as
a sequence of annual transitions from one health state to another. Monte Carlo simulation
refers to the procedure of simulating one hypothetical person at a time, using a set of
transition probabilities to determine the health state transitions experienced by that person.
To ensure stability of model output, we used a simulation size of 1 million persons. The
model summarizes the 1 million unique person histories to provide stable estimates of
societal burden. Further details are presented in Part I of the Supplement.
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In addition to duration of life, the OAPol Model also considers quality of life. Quality-of-life
estimates are often formulated in terms of preference-based measures of utility, in which
perfect health is assigned a value of 1 and death is assigned a value of 0 (28). The quality-
adjusted life-year is a health outcome measure that weighs years of survival by quality-of-
life utilities across the lifespan of the person. Health states in the OAPol Model are defined
by obesity, symptomatic knee osteoarthritis status, and several comorbid conditions. Each of
these factors affects quality of life, and some also influence quantity of life (Figure 1).

Obesity—Obesity is defined in the model by a BMI of 30 kg/m2 or greater. The effect of
obesity on survival and quality of life is modeled in several ways. Obesity directly increases
the risk for death (3, 17, 29) and increases the prevalence and incidence of major comorbid
conditions in the model (30, 31). Finally, obesity exerts an independent effect on quality of
life (14, 32).

Knee Osteoarthritis—Functional limitations and persistent pain in persons with
symptomatic knee osteoarthritis lead to decreased quality of life. The OAPol Model captures
structural (radiographic) progression of knee osteoarthritis to establish eligibility for total
knee replacement, generally done in patients with advanced radiographic disease. Total knee
replacement is the most effective osteoarthritis treatment for reducing functional limitations
(33), typically resulting in marked quality-of-life improvements that reach preosteoarthritis
levels (34, 35).

Comorbid Conditions—The OAPol Model captures 5 prevalent, prognostically
important comorbid conditions affecting quantity, quality of life, or both: diabetes mellitus,
coronary heart disease, cancer, chronic obstructive pulmonary disease, and musculoskeletal
disorders other than knee osteoarthritis. Each comorbid condition is described by
prevalence, incidence, and effect on mortality, stratified by age, sex, and race or ethnicity.
We recognize important interdependencies among specific comorbid conditions. For
example, obese persons are at higher risk for diabetes and coronary heart disease (12). We
account for this by assigning increased age- and sex-stratified risks for these conditions in
obese persons.

Input Data
The OAPol Model data are stratified into 3 domains: demographic and clinical
characteristics; natural history and management of knee osteoarthritis; and quality-of-life
decrements due to obesity, knee osteoarthritis, and comorbid conditions. We derived input
parameters from nationally recognized data sources, including NHANES (National Health
and Nutrition Examination Survey, 2005–2008), the National Center for Health Statistics
and the U.S. Census, as well as the published literature (36-39). Details on the derivation of
model input parameters are presented in Part II of the Supplement.

Cohort Characteristics—Population size, stratified by sex and race or ethnicity, was
derived using data from the 2009 U.S. Census projections (39). Obesity and comorbidity
prevalence rates stratified by age, sex, and race or ethnicity were derived from NHANES,
2005–2008 data (36, 37). All NHANES-based analyses used appropriate weights to provide
population-based estimates.

Knee Osteoarthritis Natural History and Management—Symptomatic knee
osteoarthritis was stratified by age, sex, and obesity status. Using incidence rates from one
study (40), coupled with the estimated effect of obesity on knee osteoarthritis incidence (41),
we projected the prevalence of symptomatic knee osteoarthritis in persons aged 50 to 84
years. We then compared these estimates with published data on prevalence of symptomatic
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knee osteoarthritis for persons older than 45 years (42). Differences between the OAPol-
based estimates and published population-based rates did not exceed 3.4% (Part II, B2, of
the Supplement).

Knee osteoarthritis progression rates were derived from the Johnston County Osteoarthritis
Project, a prospective study of knee osteoarthritis in North Carolina (22), and calibrated to
published literature (2) (Table 1). We conducted this calibration because the Johnston
County cohort may not be representative of the U.S. population.

Health-Related Quality of Life—Quality-of-life utility scores were derived from the
general health status question in the NHANES 2005-2006 and 2007-2008 surveys (36, 37).
Per Reichmann and colleagues (43), we estimated quality-of-life utility by converting the
item responses to health status ratings (on a 0 to 100 scale) according to the algorithm of
another study (44). We then transformed the rating scale to a utility, using the power
transformation of Torrance and colleagues (45). Further analytic details are presented in Part
II of the Supplement. These quality-of-life scores in the OAPol Model ranged from 0.951
for nonobese persons without knee osteoarthritis and with 0 to 1 comorbid conditions to
0.655 for obese persons with symptomatic knee osteoarthritis and more than 3 comorbid
conditions (Table 1).

Mortality—Background age-, sex-, and race-specific mortality rates in persons without
chronic conditions were derived using life-tables data published by the Centers for Disease
Control and Prevention by removing cause-specific mortality due to major comorbid
conditions (46) (Part II of the Supplement). In addition to background mortality, the OAPol
Model incorporates increased mortality due to coronary heart disease, cancer, and obesity.
The independent effect of obesity on mortality, stratified by age, sex, and race or ethnicity,
was derived from published data (47). Estimated life expectancy projected by the OAPol
Model was within 4% of published estimates (Part II of the Supplement).

Attributing the Quality-Adjusted Life-Years Lost Owing to Knee Osteoarthritis and Obesity
For persons affected by both knee osteoarthritis and obesity, we assigned condition-
attributable quality-adjusted life-year losses for obesity and knee osteoarthritis in proportion
to the losses attributable to each condition alone. We first estimated quality-adjusted life-
year losses attributable to knee osteoarthritis in persons with knee osteoarthritis only. Next,
we estimated losses attributable to obesity in persons with obesity only. The size of each of
these 2 estimates relative to their sum served as the “weights” used to allocate the quality-
adjusted life-year losses predicted by the OAPol Model for persons affected by both
conditions.

Estimating the Health Benefits of “Reversing” Obesity Trends Over the Past Decade
Using published data on obesity trends over the past decade (48) combined with meta-
analysis–based data on the efficacy of weight-reduction interventions (49, 50), we translated
per-person health outcomes into estimated population benefits expressed as cases of
coronary heart disease and diabetes mellitus averted and total knee replacements prevented.
We also estimated the life-years saved and quality-adjusted life-years saved as a result of
interventions that reduce obesity to levels observed 10 years ago.

Role of the Funding Source
The National Institutes of Health and the Arthritis Foundation funded this study. The
funding sources had no role in developing the model, creating input parameters, interpreting
results, or deciding to submit the manuscript for publication.
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RESULTS
Population Description

Table 2 shows the prevalence of obesity and symptomatic knee osteoarthritis in the United
States, stratified by sex and race or ethnicity. We estimated that among 85 966 369 persons
aged 50 to 84 years, 33.4% (28 743 669) are obese without symptomatic knee osteoarthritis,
3.3% (2 802 710) are nonobese with symptomatic knee osteoarthritis, and 3.3% (2 871 922)
are obese with concomitant symptomatic knee osteoarthritis. In contrast to men, the
estimated number of women who have either symptomatic knee osteoarthritis, obesity, or
both varies greatly by race or ethnicity, ranging from 38% for whites to 50% for Hispanics
and 55% for blacks.

Quality-Adjusted Life Expectancy and Per-Person Quality-Adjusted Life-Years Lost
Quality-adjusted life expectancy estimates obtained from the OAPol Model were recorded
for each population group stratified by 5-year age increments (Part III of the Supplement).
Absolute differences in quality-adjusted life expectancy (relative to the “osteoarthritis-free,
nonobese” reference case) yielded the quality-adjusted life-year losses reported in Table 3.
Detailed data are presented in the Part III of the Supplement. Table 3 also reports the
attribution of quality-adjusted life-years lost to obesity and osteoarthritis for persons with
both conditions. Per-person quality-adjusted life-years lost in persons aged 50 to 84 years
with knee osteoarthritis in the United States ranged from an estimated 1.857 for nonobese
persons to 3.501 for obese persons. Obese persons without knee osteoarthritis lost, on
average, 2.461 quality-adjusted life-years over their remaining lifespan. Estimated
qualityadjusted life-years lost for obese persons without knee osteoarthritis ranged from
2.316 for Hispanic men to 2.656 for Hispanic women. Among persons with both obesity and
knee osteoarthritis, estimated quality-adjusted life-years lost owing to either condition
ranged from 3.338 per person for white men to 3.863 for Hispanic women.

Having both conditions simultaneously decreased estimated remaining quality-adjusted life
expectancy by 21% to 25%. Obesity alone decreased remaining quality-adjusted life
expectancy by 10% to 15%. Knee osteoarthritis alone reduced remaining quality-adjusted
life expectancy by 10% to 14%, with higher losses corresponding to earlier age of
osteoarthritis onset (Part III of the Supplement).

Osteoarthritis has a greater effect on quality-adjusted life-years lost with increasing age
(Figure 4 of the Supplement), reflecting increased osteoarthritis prevalence with age.
Although knee osteoarthritis contributed less than 10% to quality-adjusted life-years lost for
persons in their 50s, the proportion reached 15% to 25% for persons in their 70s and 80s.
Among Hispanic men, knee osteoarthritis accounted for a greater estimated relative
contribution to quality-adjusted life-years lost because persons in this subpopulation are less
likely to be obese. In contrast, black women had a smaller contribution of knee osteoarthritis
to quality-adjusted life-years lost because obesity prevalence is highest among black
women.

Population-Based Quality-Adjusted Life-Years Lost
We combined the population sizes reported in Table 2 with the quality-adjusted life-year
losses projected in Table 3 to estimate total quality-adjusted life-years lost for the population
(Table 4). Among the 31.6 million obese persons (Table 2), we estimated total losses of 80.8
million quality-adjusted life-years. Specifically, we estimated that, overall, 5 674 632
persons with symptomatic knee osteoarthritis from age 50 to 84 years (Table 2) lost 15 259
178 quality-adjusted life-years (Table 4) over their remaining lifespan compared with
persons of the same demographic characteristics who remained free of knee osteoarthritis
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and obesity. Of these losses, 10 113 151 quality-adjusted life-years (66%) were attributable
to knee osteoarthritis. Among the 2 802 710 nonobese persons affected by knee
osteoarthritis (Table 2), we estimated losses of 5 203 418 quality-adjusted life-years (Table
4), whereas among the 2 871 922 persons with both knee osteoarthritis and obesity (Table
2), we estimated 10 055 760 quality-adjusted life-years lost, with 4 909 733 (49%)
attributable to knee osteoarthritis and 5 146 027 (51%) to obesity. The 3.3% of the
population affected by both obesity and knee osteoarthritis contributed 11.7% of the total
quality-adjusted life-years lost owing to these conditions.

Impact of Sex and Race or Ethnicity on Quality-Adjusted Life-Years Lost Owing to Obesity
and Knee Osteoarthritis

Black women represented 6.1% of the population of persons 50 to 84 years of age in the
United States but accounted for an estimated 8.9% of all quality-adjusted life-years lost
owing to obesity and symptomatic knee osteoarthritis, resulting in a 47% excess in quality-
adjusted life-year losses due to obesity and/or knee osteoarthritis relative to population size
(Figure 2). Hispanic women contributed 4.7% to the overall population size but lost an
estimated 6.4% of all quality-adjusted life-years, a 37% excess of quality-adjusted life-years
lost.

Health Benefits of Reversing Trends in the Obesity Epidemic Over the Past Decade
We examined the effects of a weight-control intervention that would reverse obesity
prevalence to the levels seen 10 years ago (48), a reduction in mean BMI of 0.6 unit (1.7-kg
reduction for a person about 5 feet 7 inches). We estimated that a reduction in BMI of this
magnitude would avert 178 071 (0.7%) coronary heart disease cases, 889 872 (2.5%)
diabetes mellitus cases, and 111 206 (1.9%) total knee replacements over the remaining
lifespan of this population. These changes in BMI would also increase life expectancy by 6
318 030 years and improve quality of life by 7 812 120 quality-adjusted life-years in the
population of U.S. adults aged 50 to 84 years.

DISCUSSION
We estimated that roughly 86 million quality-adjusted life-years, comprising 8.4% of
remaining quality-adjusted life expectancy, were lost over the remaining lifespan of a cohort
of persons aged 50 to 84 years owing to obesity, symptomatic knee osteoarthritis, or both.
These conditions affect 40% of the 85 966 369 U.S. citizens in that age range. We estimated
that 12% of these losses were attributed to knee osteoarthritis and 88% to obesity. Black and
Hispanic women were disproportionately affected by osteoarthritis and obesity and
consequently had the greatest percentage of quality-adjusted life-years lost in comparison
with their population size.

Symptomatic knee osteoarthritis and obesity probably influence quality-adjusted life-year
losses through different mechanisms. Obesity affects quality of life; is an independent risk
factor for mortality; and is associated with higher prevalence and incidence of diabetes
mellitus, coronary heart disease, and other comorbid conditions that reduce survival (9-12).
Thus, obesity reduces both quality and quantity of life (13-17). Symptomatic knee
osteoarthritis does not directly affect mortality but considerably reduces quality of life,
thereby diminishing quality-adjusted life expectancy (18). The racial and ethnic differences
in quality-adjusted life expectancy in our model stem primarily from differential rates of
knee osteoarthritis, coronary heart disease, diabetes mellitus, and cancer, as well as
differences in underlying age- and sex-adjusted mortality.
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The effect of symptomatic knee osteoarthritis on quality of life is similar to that of
metastatic breast cancer and other disabling conditions (51-53). Obesity, independent of
knee osteoarthritis, reduces life expectancy considerably (5, 54). Few studies have focused
on the effect of obesity on quality of life. One study established that obesity is associated
with poor quality of life and that joint pain, as well as obesity-related comorbid conditions,
mediates the relationship between BMI and quality of life (55). Another study found that
obesity is associated with diminished quality of life, even after adjustment for age, sex, and
comorbid conditions (56). These findings were limited by the cross-sectional nature of both
studies.

Several studies have shown that knee osteoarthritis is more prevalent in women than in men
(7, 15, 57, 58). The Framingham Osteoarthritis Study (57) showed that increased weight in
women elevated their risk for knee osteoarthritis. One study found that black women had
greater risk for knee osteoarthritis, even after adjustment for age and BMI (21). Another
study documented a nearly 3-fold greater prevalence of radiographically defined
osteoarthritis in black versus white women (59). Our estimates showing disproportionate
quality-adjusted life-year losses for black women are consistent with other findings (60).

The unique nature of our study lies in its ability to account for the multidimensional nature
of disease burden, expressed as quality-adjusted life-year losses. Our approach allowed us to
synthesize both mortality attributable to obesity and major comorbid conditions, as well as
the diminished quality of life owing to knee osteoarthritis, obesity, and other comorbid
conditions. Furthermore, we estimated attribution of quality-adjusted life-years lost owing to
knee osteoarthritis and obesity in persons affected by both conditions. By linking per-person
losses in quality-adjusted life expectancy to population size, we were able to estimate total
quality-adjusted life-years lost for the entire population.

Our estimates show that reducing the mean BMI to levels experienced a decade ago in adults
aged 50 to 84 years would yield substantial health benefits. Evidence suggests such changes
in BMI are achievable and sustainable (49, 50).

Our study had several limitations. In modeling studies, the validity, precision, and
completeness of input data may have important consequences for study findings. The OAPol
Model input parameters were derived from several sources. Regular literature searches were
conducted to identify the most current data. When newer data were not available, validation
and calibration analyses were conducted by comparing model-based projections against data
from external sources. When confronted with a choice of model inputs, we chose inputs that
would lead to more conservative estimates of quality-adjusted life-expectancy losses. In the
absence of longitudinal cohort data, prevalence estimates were converted to incidence on the
basis of life expectancy of the general population, potentially resulting in conservative
underestimates of incidence rates. The simplified approach used to estimate increased
mortality among persons with several conditions is conservative because it avoids
overestimating mortality. We based our estimates of symptomatic, radiographic
osteoarthritis incidence on data that used cases diagnosed by a physician, making these
estimates conservative. We did not include the effect of bariatric surgery—the obesity
treatment method with the most substantial effects. Because bariatric surgery is done
primarily in morbidly obese persons, this omission probably did not meaningfully influence
our estimates. Although Asian Americans represent a growing proportion of the overall
population, they are least affected by obesity and knee osteoarthritis, and data on the
prevalence of comorbid conditions in Asian Americans (stratified by age and sex) are
sparse. Thus, we did not include Asian Americans in our estimates.
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Our model-based estimates suggest that among the 86 million persons aged 50 to 84 years in
the United States, approximately 40% have symptomatic osteoarthritis, are obese, or both.
These conditions result in 86 million quality-adjusted life-years lost among U.S. adults aged
50 to 84 years. Obesity reduces the remaining quality-adjusted life expectancy in obese
persons by about 12% across all age groups, whereas osteoarthritis reduces the remaining
quality-adjusted life expectancy in persons with knee osteoarthritis by about 13% in persons
who are in their 50s and 10% in persons in their 70s. These findings underscore the
importance of incorporating measures of quality of life in estimating the burden of these
conditions. The disproportionate burden these conditions impose on black and Hispanic
women suggests that future studies should investigate tailoring prevention and treatment
strategies to sex and racial or ethnic subpopulations. With 86 million quality-adjusted life-
years at stake and the incidence of knee osteoarthritis and obesity increasing, the potential
public health effect of successful interventions to prevent these conditions is very substantial
and worthy of intensive investigation.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Context

Obesity and knee osteoarthritis are very common comorbid conditions.

Contribution

This modeling study, which combined data from several national sources, showed
substantial losses for middle-aged and older Americans in quality-adjusted life-years
owing to knee osteoarthritis and obesity. Black and Hispanic women had
disproportionately high losses. The model suggested that reversing obesity prevalence to
levels seen 10 years ago would avert hundreds of thousands of cases of coronary heart
disease, diabetes, and knee replacements and would increase life expectancy.

Implication

The potential public health effect of successful targeted interventions that prevent obesity
and knee osteoarthritis is very substantial.

—The Editors
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Figure 1. Transitions among health states in the OAPol Model
The circles represent the 4 major health states in the OAPol Model. Persons may spend
several cycles in the same health state or transition to another health state. Arrows specify
transitions between health states, defined by transition probabilities (the OAPol Model input
parameters). Comorbid conditions may occur in each state and lead to increased mortality.
Incidence of comorbid conditions increases with age and obesity. In particular, comorbid
conditions are considered in combination with obesity and knee osteoarthritis. Patients may
have 0 to 5 comorbid conditions, for a total of 32 combinations. Therefore, the total number
of states is equal to the product of 4 knee osteoarthritis states (no osteoarthritis, Kellgren–
Lawrence grade 2, Kellgren–Lawrence grade 3, and Kellgren–Lawrence grade 4), 3 obesity
states (normal, obese, and morbidly obese), 32 comorbidity states, and 1 absorbing state
(death), for a total of 385 states. Each health state is associated with quality-of-life utilities
(i.e., coefficients applied to each cycle [year] spent in a corresponding health state). Death
can occur in any health state. OAPol = Osteoarthritis Policy.
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Figure 2. Excess of quality-adjusted life-years lost owing to obesity and knee osteoarthritis, as a
ratio relative to population size
The height of each bar represents the ratio of the proportion of total quality-adjusted life-
years lost attributable to each sex and race or ethnic group to each group’s size relative to
the total U.S. population.
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