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Abstract

Introduction—Arthritis and obesity are common co-occurring conditions which can increase 

disability and risk of adverse outcomes (e.g., total knee replacement).

Methods—We estimated recent obesity trends among adults with arthritis from 2009 to 2014, 

overall, and by various sociodemographic and health characteristics using data from National 

Health Interview Survey, an ongoing, nationally representative, in-person household self-reported 

survey of the noninstitutionalized civilian U.S. A secondary aim was to examine the distribution of 

body mass index (BMI) categories among adults with and without arthritis.

Results—Obesity prevalence did not change significantly over time among middle-aged and 

younger adults with doctor-diagnosed arthritis either overall (p-trend=0.925 for both groups), or 

by demographic and health characteristics. Among older adults with doctor-diagnosed arthritis 

the unadjusted obesity prevalence was 29.4% in 2009 and 34.3% in 2014; after adjusting for 

all demographic and health characteristics there was a significant relative increase in obesity 

prevalence (15% (95% CI: 6–25)) and over time (p-trend=0.001). The 2014 distribution of 

BMI categories for adults with doctor-diagnosed arthritis (compared with adults without doctor-

diagnosed arthritis) was skewed toward the obese category and its subclasses, but there were no 

significant changes in these relationships from 2009.

Conclusions—Obesity increased significantly over time among older adults with arthritis and 

remains high when compared with adults without arthritis. Greater dissemination of interventions 

focused on physical activity and diet are needed to reduce the adverse outcomes associated with 

obesity and arthritis.
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Introduction

Doctor-diagnosed arthritis is a common chronic conditions that affects about 52.5 million 

adults in the U.S. (22.7% of all adults) and limits the activities of 22.7 million (9.8% of all 

adults).(1) Obesity affects 36.5% of all adults in the U.S.(2), occurs frequently among those 

with arthritis(3), and those with both conditions are more likely to have arthritis activity and 

work limitations(1, 4), be physically inactive(5), report depression and anxiety(6), and have 

an increased risk of expensive knee replacement.(7)

Weight loss among adults with arthritis has been shown to reduce pain and improve 

function(8), therefore, losing weight (if obese or overweight) or maintaining a healthy 

weight are standard intervention recommendations for managing arthritis.

Monitoring trends in obesity among adults with arthritis is important for assessing progress 

in addressing this risk factor/common comorbid condition. One research study using showed 

that the prevalence of obesity increased significantly among adults with doctor-diagnosed 

arthritis in 14 of 50 states and Puerto Rico from 2003 to 2009(3), but little is known about 

the national trends in obesity prevalence among adults with arthritis over time.

The primary aim of this study was to estimate recent obesity trends among adults 

with arthritis during 2009–2014, overall, and by various sociodemographic and health 

characteristics. A secondary aim was to examine the distribution of body mass index (BMI) 

categories (underweight, normal, overweight, obese, obese class I, obese class II, and obese 

class III) among adults with and without arthritis in 2009 and 2014 to determine whether 

changes were occurring in these categories.

Methods

Study Population

We analyzed the 2009–2014 National Health Interview Survey (NHIS), an 

ongoing, nationally representative, in-person household self-reported survey of the 

noninstitutionalized civilian U.S. population. The NHIS uses a multistage sampling design 

to collect information on health and other characteristics of individual family members 

within the household, and supplementary data from one randomly selected “Sample Adult” 

in the household.(1) Unweighted sample sizes and final response rates were 27,731 (65.4%) 

in 2009; 27,157 (60.8%) in 2010; 33,014 (66.3%) in 2011; 34,525 (61.2%) in 2012; 34,557 

(61.2%) in 2013; and 36,697 (58.9%) in 2014.(1)

Outcome

For our primary aim (obesity trends), we defined obesity as BMI ≥30 kg/m2.(2) For 

our secondary aim (BMI categories) we defined the following seven BMI categories: 

underweight (<18.5 kg/m2), normal weight (18.5–<25 kg/m2), overweight (25–<30 kg/m2), 

obese (≥30 kg/m2), as well as obese classes: class I (BMI: 30–<35 kg/m2), class II (BMI: 

35–<40 kg/m2), and class III (BMI ≥40 kg/m2).
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Arthritis

Doctor-diagnosed arthritis was defined as a “yes” response to the question “Have you 

ever been told by a doctor or other health professional that you have some form of 

arthritis, rheumatoid arthritis, gout, lupus, or fibromyalgia?” The arthritis case definition 

was validated in two prior studies and shown to have sufficient sensitivity and specificity for 

surveillance purposes.(9, 10)

Other Measurements

Five demographic characteristics were: age group (young adults: 18–44 years, middle-

aged adults: 45–64 years, and older adults: ≥65 years), sex, race/ethnicity (Hispanic, non-

Hispanic white, non-Hispanic black, and non-Hispanic other race), education level (<high 

school, high school, at least some college, completed college or greater), and employment 

status (employed/self-employed, unemployed, unable to work/disabled, and other). The 

“other” employment category comprised students, volunteers, homemakers, and retirees.

Five health characteristics were: leisure-time physical activity, self-rated health (very good/

excellent, good, and fair/poor), doctor-diagnosed heart disease, doctor-diagnosed diabetes, 

and serious psychological distress (SPD) (defined by Kessler 6 scale)(11). Leisure-time 

physical activity was determined from responses to six questions regarding frequency and 

duration of participation in leisure-time activities of moderate to vigorous intensity and 

categorized as to whether the participant met the U.S. Department of Health and Human 

Services 2008 Physical Activity Guidelines(12) for Americans. Total moderate intensity 

equivalent minutes (moderate minutes + vigorous minutes*2) of physical activity per week 

were categorized as follows: meeting recommendations (≥150 min per week), insufficient 

activity (10–149 min), and inactive (<10 min).(13) Adults were considered to have doctor-

diagnosed heart disease if they answered “yes” to any of the following four questions: 

“Have you ever been told by a doctor or other health professional that you had coronary 

heart disease? Angina, also called angina pectoris? A heart attack (also called myocardial 

infarction? Any kind of heart condition or heart disease (other than the ones I just asked 

about)?” Adults were considered to have doctor–diagnosed diabetes if they answered “yes” 

to the question “Have you ever been told by a doctor or health professional that you have 

diabetes or sugar diabetes?” Adults were considered to have SPD if they had a score of ≥13 

on the Kessler scale (0–24).(11)

Statistical Analysis

All analyses were weighted and accounted for the complex multi-stage sampling design. 

NCHS sampling weights were applied to account for household nonresponse, oversampling 

of blacks, Hispanics, and Asians, and post-stratification adjustments. (1) Because obesity 

trends differed by age group, we present age-stratified estimates for the trend analysis.

Prior to performing analyses for our study aims, we examined doctor-diagnosed age-

standardized arthritis prevalence overall, and by sex, and race, for every year from 2009 

to 2014 (Figure 1). In addition, we determined age-standardized obesity prevalence by year 

for adults with arthritis overall and by sex (Figure 2).
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For our primary aim, we estimated obesity prevalence with 95% confidence intervals (CIs) 

both overall and by demographic and health characteristics for adults with and without 

doctor-diagnosed arthritis for the years of 2009 and 2014, and tested for trends in obesity 

prevalence to see whether obesity changed significantly over time for the years 2009, 2010, 

2011, 2012, 2013 and 2014. Estimates not meeting the minimum criterion for precision 

(relative standard error (RSE) ≤30.0% or a minimum sample size of ≥50) were suppressed, 

and a test of trend was not performed for a group with at least one suppressed estimate. 

P-values were generated for trend tests using log binomial regression modeling with obesity 

as the outcome and the year (2009–2014) as the exposure variable (modeled as a continuous 

variable) and adjusting for all covariates. In addition, model-adjusted prevalence ratios were 

also generated from log binomial regression modeling by comparing the average predicted 

marginal proportions (model-adjusted risks) between the years 2009 (referent) and 2014.

For our secondary aim, we estimated the age-standardized prevalence of the seven BMI 

categories among adults with and without doctor-diagnosed arthritis in 2009 and 2014. 

Obesity prevalence estimates were adjusted to the projected 2000 U.S. standard population.

(14) A chi-square test of independence with pairwise comparisons with Bonferroni 

correction were used to determine whether the seven BMI categories differed by doctor-

diagnosed arthritis status (yes or no) (Figure 1). Because there were 21 comparisons 

(7*6/2=21), the Bonferroni-adjusted p-value was (0.05/21)=0.0024.

Obesity increased among older adults with arthritis, so to better understand in which groups 

of older adults this is occurring in, we performed a stratified analysis among the young-old 

(65–74 years) and the middle-old (75–84 years) and the old-old (≥85 years).(15)

Results

From 2009 to 2014, the age-standardized prevalence of doctor-diagnosed arthritis ranged 

from 20.6 in 2012 to 22.0 in 2009 (Figure 1). Women, non-Hispanic whites, and non-

Hispanic blacks, were the subgroups with the highest age-standardized prevalence of 

doctor-diagnosed arthritis. From 2009 to 2014, the age-standardized prevalence of obesity 

among adults with doctor-diagnosed arthritis ranged from 40.3% in 2014 to 42.6% in 

2013, and prevalence estimates were comparable by sex (Figure 2). For adults without 

doctor-diagnosed arthritis, the age-standardized prevalence ranged from 24.1 in 2009 to 

26.3% in 2014.

Estimates for our primary aim can be found in Table 1. Obesity prevalence did not change 

significantly over time among middle-aged and younger adults with doctor-diagnosed 

arthritis either overall (p-trend=0.925 for both groups), or among groups defined by 

demographic and health characteristics.

For older adults with doctor-diagnosed arthritis, the overall, unadjusted obesity prevalence 

was 29.4% in 2009 and 34.3% in 2014; after adjusting for all demographic and 

health characteristics, there was a significant relative increase in obesity prevalence 

(test for difference 15% (95% CI: 6–25)) between those two years. There was also a 

significant increase among older adults over the 6 years from 2009 to 2014 (adjusted 
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p-trend=0.001). Among older adults with doctor-diagnosed arthritis, obesity prevalence 

increased significantly (adjusted p-trend<0.05) over the six years among women, whites, 

those who were inactive or met physical activity recommendations, the “other” employed 

category, both adults who report very good/excellent health and those who report poor/fair 

health, those with and without heart disease, those without diabetes, and those without 

SPD. For the stratified analyses among older adults with arthritis, the unadjusted obesity 

prevalence was 37.9% in 2009 and 39.6% in 2014 for the young-old; 23.0% in 2009 and 

30.5% for the middle-old; 13.0% in 2009 and 19.4% in 2014 for the old-old. Obesity 

increased significantly among the middle-old, and old-old (adjusted p-trend<0.01 for both 

groups), but not the young-old.

In 2014, the distribution of age-standardized prevalences of BMI categories for adults with 

doctor-diagnosed arthritis (compared with adults without doctor-diagnosed arthritis) was 

skewed toward the obese category and its subclasses. The age-standardized prevalences 

of obesity, obesity class I, obesity class II, and obese class III among adults with doctor-

diagnosed arthritis (compared with adults without doctor-diagnosed arthritis) was 40.3% 

vs. 26.3%, 20.1% vs. 16.4%, 10.4% vs. 6.2%, and 9.8% vs. 3.6% (p-value<0.001 for 

all 4 comparisons), respectively. (Figure 3). There were no significant changes in these 

relationships compared with the 2009 values (Figure 3).

Discussion

Among adults with doctor-diagnosed arthritis, obesity was highly prevalent among all age 

groups, but obesity trends from 2009 to 2014 showed significant increases only for older 

adults overall and in several of their demographic and health characteristics categories. This 

increase in obesity among older adults with doctor-diagnosed occurred primarily in the 

middle-old (75–84 years) and the old-old (≥85 years); groups with historically lower rates 

of obesity. Although obesity did not increase significantly for younger and middle-aged 

adults with doctor-diagnosed arthritis in our study, it still remained very high; unadjusted 

prevalence was 40.9% and 42.7% in 2014, respectively. We found that obesity prevalence 

was higher (about a 1.5 fold difference) among adults with doctor-diagnosed arthritis 

compared with adults without doctor-diagnosed arthritis, and that this difference increased 

with greater obesity class, but the magnitude of these differences changed little between 

2009 and 2014.

The literature examining trends in obesity among adults with arthritis is sparse. A 

prior report using self-report data from the Behavioral Risk Factor Surveillance System 

(BRFSS) found that obesity prevalence significantly increased in 14states and Puerto Rico 

among adults with doctor-diagnosed arthritis from 2003–2009, whereas most states had no 

significant change.(3)

The increase in obesity prevalence among older adults with doctor-diagnosed arthritis is 

particularly alarming for several reasons. First, given the aging of the US population that 

age group is rapidly increasing, with an estimated 72 million (1 in 5 US residents) aged 

≥65 years by 2030.(16) Second, the increase in obesity prevalence in older adults with 

doctor-diagnosed arthritis was not limited to only those with poor health characteristics 
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as might be expected, but also occurred among those who reported meeting physical 

activity recommendations, had very good/excellent health, and did not have heart disease, 

diabetes, or SPD, suggesting that public health interventions to reduce obesity should 

focus on all older adults with arthritis, not only those with poor health characteristics. The 

extensive negative impacts of obesity on health care costs and chronic conditions are well 

documented.(7, 17–19). Additionally, the prevalence of physical inactivity has been shown 

to be higher among adults with doctor-diagnosed arthritis and obesity vs. obesity alone, 

suggesting that arthritis may be a barrier to physical activity among obese adults.(5) Regular 

physical activity has been shown to confer a protective effect and prevent many adverse 

outcomes (e.g., cardiovascular disease, cancer, diabetes, and premature death).(20) Improved 

dietary intake and increased physical activity is needed to curb the increased trend in obesity 

among older adults with arthritis.

Losing weight for adults with both obesity and arthritis can be difficult, particularly because 

of the poor function, inactivity, disability, and severe pain that can occur with arthritis. 

Nonetheless, non-pharmacological strategies such as weight loss have been shown to reduce 

pain and improve function by lowering joint loading and decreasing pro-inflammatory 

cytokines and adipokines that affect cartilage degradation in adults with arthritis.(21) A 

meta-analysis of 5 randomized controlled trial among adults with obesity and arthritis 

showed that disability could be significantly improved when weight was reduced by over 

5.1% for interventions that focus on a combination of diet and exercise, though a large 

percent of the weight loss is attributable to the diet.(8, 22) The increase in obesity prevalence 

we observed among older adults with arthritis who met physical activity recommendations 

emphasizes the need for dietary interventions as well.

Health care counseling of patients with arthritis to lose weight and be more physically active 

has been linked to healthy behaviors such as attempts to lose weight.(23) One study showed 

that more than half of adults with doctor-diagnosed arthritis have never received provider 

counseling for weight loss, and only about 11% have taken a self-management education 

class, and thus, greater counseling and dissemination of self-management interventions are 

needed.(24) The Guide to Community Preventive Services suggests several approaches to 

reduce or maintain healthy weight among adults including technology-supported coaching 

or counseling interventions, and worksite strategies (e.g., improved access to healthy 

food and opportunities for physical activity).(25) The US Preventive Services Task Force 

recommends screening adults for obesity, with provider referral of obese patients to 

intensive, multicomponent behavioral interventions (one or more sessions per month for 

at least 3 months).(26) Developing and strengthening community-clinical linkages (e.g., 

increasing patient referral by health care practitioners to community programs which 

disseminate arthritis interventions) is a strategy to address obesity prevention and treatment 

to reduce the burden of obesity among adults with arthritis.

Our findings are subject to at least two limitations. First, all NHIS variables are collected 

in-person via self-report and subject to different forms of information bias including, but 

not limited to, recall bias and social desirability bias. A study from 2001–2006, comparing 

the National Health and Nutrition Examination Survey (NHANES) measured BMI with 

NHIS self-reported BMI, found that self-reported BMI values >28 were underestimated 
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when compared with measured BMI.(27) Moreover, when comparing measured NHANES 

and self-reported NHIS obesity estimates from this study, NHIS obesity estimates were 

about 7 percentage points lower.(27) Therefore, the prevalence of obesity may have been 

underreported throughout the paper. However, it is not clear that any bias would differ by 

arthritis status or over the time period examined. Second, small sample sizes for certain 

subgroups meant that a few estimates were suppressed for not meeting the minimum 

criterion for precision (RSE ≥30.0%).

Arthritis affects more than 1 in 5 adults(1), and about 40% of adults with arthritis have 

obesity. Greater dissemination of interventions focused on physical activity and a healthy 

diet are needed to reduce the adverse outcomes associated with obesity and arthritis. The 
Surgeon General’s Vision for a Healthy and Fit Nation seeks to address obesity via a 

multi-factorial approach which encompasses health care systems, communities, work sites, 

and environmental and behavioral changes.(28) For adults with arthritis these factors must 

address the arthritis-specific barriers to physical activity.(5) This can be accomplished 

with self-management education and arthritis evidence-based physical activity interventions 

which have been shown to increase improve reduce pain, and improve function and self-

efficacy. (29)
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Figure 1: 
Age-Standardized Doctor-Diagnosed Arthritis Prevalence Overall and by Sex and Race/

Ethnicity
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Figure 2: 
Age-Standardized Obesity Prevalence, by Doctor-Diagnosed Arthritis Status, Overall and by 

Sex
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Figure 3: 
Distribution of Seven BMI categories Among Adults with and Without Doctor-Diagnosed 

Arthritis, 2009 and 2014, NHIS
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