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Abstract

Objective—To examine the association between weight change from young adulthood to midlife 

and risk of incident arthritis.

Methods—Using data from the National Health and Nutrition Examination Survey (NHANES), 

we categorized participants into weight change categories based on their recalled weight during 

young adulthood and midlife. We estimated the association of weight change and developing an 

arthritis condition over 10 years using adjusted Cox models. Findings were extrapolated to the US 

population to determine the proportion of incident arthritis cases that could be averted if the entire 

population maintained a normal BMI in young adulthood and midlife.

Results—Among our sample of adults who were 40–69 years old at their midlife weight measure 

(n=13,669), 3,603 developed an arthritis condition. Compared with adults who maintained a 

normal-normal BMI, the normal-overweight, normal-obese, overweight-obese, and obese-obese 

groups had significantly elevated risk of incident arthritis conditions. The obese-overweight group 

had lower risk of incident arthritis conditions compared with the obese-obese group and 

comparable risk to the overweight-overweight group. Nearly one quarter of incident arthritis cases, 

corresponding to 2.7 million individuals, would have been averted under the hypothetical scenario 

where all individuals maintained normal weight from young adulthood to midlife.

Conclusion—Weight loss from young adulthood to midlife was associated with substantially 

reduced risk of developing an arthritis condition. We found no evidence of residual risk from 
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having been heavier earlier in life. Our findings highlight the critical need to expand obesity 

treatment and prevention to achieve meaningful reductions in the burden of arthritis.

Collectively, rheumatic and musculoskeletal diseases (RMDs) result in substantial disability 

and diminished quality of life. Their prevalence has also been increasing, particularly for 

osteoarthritis,1 the most common form of arthritis.2 As of 2015, joint pain and arthropathies 

were the most common diagnosis for ambulatory care visits,3 and osteoarthritis was the 

second most common reason for non-pregnancy/non-neonatal hospitalization in the United 

States (US).4

The prevalence of obesity has also increased dramatically from approximately 15% of US 

adults in 1980 to 40% in 2016.5,6 Obesity is associated with an increased risk of developing 

RMDs, including osteoarthritis,7,8 rheumatoid arthritis,9,10 gout,11,12 and psoriatic arthritis.
13,14 For inflammatory arthritis diseases, this relationship is likely related to adipose-derived 

inflammation.14,15 The obesity-osteoarthritis association may result from both increased 

joint loading and low-grade inflammation.14–18 Weight gain increases the risk of arthritis 

broadly,19 including osteoarthritis-related hip and knee replacement20,21 and gout.12 

Additionally, prior studies have shown weight loss is associated with reduced risk of 

osteoarthritis22,23 and gout.12

In addition to increases in the overall prevalence of obesity, recent US birth cohorts are 

becoming obese earlier in life and, thus, spending greater portions of their lives with excess 

weight. The effects of these weight shifts on the risk of arthritis are largely unknown. Using 

data from the Nurses’ Health Study, one recent study estimated that weight gain from early 

to mid-adulthood of 2.5–10 kg, 10–20 kg, or more than 20 kg was associated with a 20%, 

31%, and 40% increase in the likelihood of osteoarthritis-related total hip replacement.20 

However, the study did not investigate the risk of other types of arthritis or the effects of 

weight loss. If the effects of obesity on arthritis conditions are cumulative, those who lose 

weight may experience residual risk due to irreversible pathologic processes from carrying 

excess weight earlier in life.

Additionally, although some studies have demonstrated how weight change modifies risk of 

arthritis conditions at the individual-level,12,19–21,23,24 the aggregate effect of population-

level weight loss or obesity prevention remains uncertain. Hence, additional empirical 

estimates derived from nationally representative data sources are needed to assess the 

population-level effect of weight change across the life-course on arthritis risk.

Our study uses a novel application of the National Health and Nutrition Examination Survey 

(NHANES) data to test two hypotheses about the association between weight change from 

young adulthood to midlife and risk of incident arthritis. First, we hypothesize that 

individuals who lose weight are at a reduced risk of developing arthritis conditions relative 

to individuals who maintain a stable overweight or obese body mass index (BMI) (“risk 

reduction” hypothesis). Second, we hypothesize that individuals who are overweight or 

obese in young adulthood and lose weight are at a greater risk of arthritis conditions relative 

to individuals who started at a lower weight and maintained that weight (“residual risk” 

hypothesis). After testing these hypotheses, we extrapolate our findings to the population-
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level, estimating the percentage of incident arthritis cases that could be averted under 

hypothetical scenarios related to weight loss and comprehensive prevention of overweight/

obesity across the life-course.

Materials and Methods

Design

The NHANES is a nationally representative survey of US adults containing information on 

demographic characteristics, weight history, and health behaviors/conditions.25 We 

combined cross-sectional data from NHANES III (1988–1994) with repeat cross-sectional 

data from the NHANES continuous waves collected in two-year cycles between 1999 and 

2016, creating a sample that is representative of the US population during an average year of 

the combined survey period.

We used recall questions on weight history and age at arthritis diagnosis to create a 

retrospective cohort from the cross-sectional data. Specifically, we looked at recalled weight 

at age 25 and 10 years prior to the survey to measure weight change between young 

adulthood and midlife. We investigated the association between weight change and risk of 

incident arthritis over the 10-year period from the midlife measure to the time of survey. Age 

at midlife and self-reported age at arthritis diagnosis were used to determine the timing of 

incident events. This study design, depicted in Figure 1, was modified from a similar 

analysis of incident diabetes.26

Sample

We included participants who were aged 50–79 years at the time of the NHANES survey so 

that their second recalled weight measure would correspond to midlife (aged 40–69 years). 

The sample was further restricted to participants with a BMI between 20 and 75 kg/m2 at 

both time points. A lower bound of 20 kg/m2 was chosen because people with lower BMIs 

may be experiencing weight loss related to illnesses such as chronic obstructive pulmonary 

diseases, heart failure, and cancer.27 Additionally, prior evidence suggests a j-shaped 

association between BMI and mortality with a BMI of approximately 20 kg/m2 having the 

lowest risk.28 Participants with missing information on weight, education level, or smoking 

status were excluded, as were those with unreliable BMI self-reports, defined as more than a 

20% difference between BMI estimates calculated from self-reported weight and height and 

measured weight and height at the time of the survey. Adults who reported a diagnosis of 

arthritis more than 10 years prior to survey were considered prevalent cases and, thus, were 

excluded from the analysis of incident arthritis (Figure S1).

Weight Change Measures

We used recalled weights, which are strongly correlated with historically measured weight,
29,30 to assess weight change between young adulthood and midlife.

Respondents were asked to recall their weight at age 25, which we considered young 

adulthood. For respondents in the NHANES continuous waves, we used recalled height at 

age 25 and recalled weight at age 25 to calculate BMI to account for the possibility of height 
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decline with age. Because height at age 25 was not recorded during NHANES III, we used 

measured height at survey for these respondents.

Respondents were also asked to recall their weight from 10 years prior to the survey. Since 

participants’ age 10 years prior to survey ranged from 40–69 years, we considered this 

second time point to be a measure of midlife weight. We used measured height at survey to 

calculate BMI at midlife. BMI values at both young adulthood and midlife were categorized 

into normal weight (20.0–24.9 kg/m2), overweight (25.0–29.9 kg/m2), and obese (30.0–74.9 

kg/m2).

We developed nine weight change categories: normal-normal, normal-overweight, normal-

obese, overweight-normal, overweight-overweight, overweight-obese, obese-normal, obese-

overweight, obese-obese. For example, someone classified as “normal-overweight” had a 

normal BMI in young adulthood but was overweight BMI in midlife. We grouped the 

categories into weight loss, weight maintenance, and weight gain (Table S1). For sensitivity 

analyses, we defined an alternative set of weight change categories based on percent weight 

change: > 10% weight loss, weight maintenance, and > 10% weight gain.

Assessment of Incident Arthritis Conditions

Arthritis conditions were defined based on the survey question, “has a doctor or other health 

professional ever told you that you had arthritis?” Reported age at diagnosis was used to 

determine arthritis onset.

Statistical Analysis

A Cox proportional hazard model was used to model incident arthritis conditions across the 

weight change categories over 10 years of follow-up between midlife weight and the time of 

survey, specifying the normal-normal category as the reference group. We adjusted for age at 

the midlife measure (40–44, 45–49, 50–54, 55–59, 60–64, 65–69 years), gender (male, 

female), race/ethnicity (Non-Hispanic White, Non-Hispanic Black, Hispanic, Non-Hispanic 

Other), education at survey (less than high school, high school or equivalent, some college, 

college or higher), smoking status at the midlife measure (never, former, current), and 

categorical survey year. In addition to its importance as a confounder, adjusting for age 

allowed us to account for the difference in length of time between young adulthood and 

midlife weight measures which ranged from 15 to 44 years.

To better understand the differential risk between the weight change categories, we tested 

two hypotheses. First, we investigated whether individuals who lost weight between young 

adulthood and midlife were at a reduced risk of developing an arthritis condition relative to 

those who remained overweight or obese. To test this “risk reduction” hypothesis, we 

estimated the hazards of arthritis conditions for the overweight-normal group compared with 

the overweight-overweight group and the obese-overweight group relative to the obese-

obese group.

Second, we investigated whether individuals with weight loss were at an increased risk of 

developing an arthritis condition relative to those who maintained a lower weight to 

determine if there is any residual risk associated with having previously been heavier. To test 
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this “residual risk” hypothesis, we compared the hazards of arthritis conditions for the 

obese-overweight group to the overweight-overweight group. We also estimated the hazards 

for the overweight-normal group relative to the normal-normal group.

Hypothetical Scenarios

Using the formula for the population attributable fraction (PAF):

PAF = ∑
i = 0

k
pdi

HRi − 1
HRi

where pdi is proportion of total incident cases observed in the ith weight change category 

and HRi is the hazard ratio associated with that category, we estimated fraction of cases that 

would be eliminated if a weight change category were redistributed to another category. 

PAFs were then multiplied by the number of incident arthritis conditions in the overall 

population to determine the average number of cases that could be averted annually under 

two different hypothetical scenarios.

Under the obesity weight loss scenario, we estimated what would have happened if those 

who were obese at age 25 and during midlife instead lost down to an overweight BMI during 

midlife. This PAF calculation uses estimates from the primary Cox proportional hazard 

model, setting the obese-overweight group as the reference. Then, under the comprehensive 

prevention of overweight/obesity scenario, we examine the entire population had a normal 

BMI at age 25 and during midlife. Estimates for this calculation use the normal-normal 

group as the reference.

Sensitivity Analysis

To test the impact of excluding participants with missing covariates, we used multiple 

imputation by chained equations (10 imputations) to account for missing data in education 

and smoking status and refit our primary regression analysis using this imputed sample.31

Due to the wide range of ages at the midlife weight measure, we stratified our main results 

by age, comparing those who were 40–49 years at the midlife measure to those who were 

50–69 years. We chose 50 years as the lower bound of the older age range because prior 

work has suggested weight gain levels off around age 50.32 Additionally, we stratified by 

smoking status to assess the possibility of confounding by smoking that may affect the risk 

of arthritis.

We also tested the robustness of our risk reduction findings by modeling incident arthritis 

conditions as a function of percent weight change categories among those who were obese at 

young adulthood.

We tested the proportional hazards assumption for the Cox model using a time-varying 

coefficients model. The interaction term between years of follow-up and several weight 

change categories were significant in this model, indicating a violation of proportionality. 

Therefore, we re-estimated PAF values using time-specific hazards at yearly intervals. The 

Berry et al. Page 5

Arthritis Care Res (Hoboken). Author manuscript; available in PMC 2022 March 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



time-weighted PAF values were identical to the estimates derived from the primary models, 

suggesting we could proceed with the primary Cox models.

As the analyses used publicly available, de-identified data, Institutional Review Board 

approval was not required. Stata 15 (StataCorp) was used for all analyses. Following 

NHANES analytic guidelines,33 all estimates were sample weighted using pooled NHANES 

examination sample weights to account for unequal probabilities of selection and non-

response adjustments. As a result, estimates are representative of the U.S. civilian, 

noninstitutionalized population during an average year of the combined survey period.

Results

Our sample included 13,669 US adults aged 50–79 at survey; 50.3% of the sample were 

under age 60, 56.7% were male, 78.2% were non-Hispanic white (Table 1). Additionally, 

26.5% were former smokers and 26.6% were current smokers at midlife.

Less than half of the sample (45.3%) maintained their BMI category; 28.3% were normal-

normal, 12.0% were overweight-overweight, and 4.9% were obese-obese. Weight gain was 

common (52.2%); 30.0% were normal-overweight, 10.6% were normal-obese, and 11.6% 

were overweight-obese. Weight loss, on the other hand, was rare (2.5%); 1.6% were 

overweight-normal, 0.2% were obese-normal, and 0.8% were obese-overweight. Table S2 

shows the average BMI during young adulthood and midlife across weight change 

categories.

Weight Change and Incident Arthritis Conditions

A total of 3,603 cases of incident arthritis conditions (25.8%) were reported over 123,412 

years of person-time (29.2 cases per 1,000 person-years). The unadjusted incidence of 

arthritis conditions overall was similar among adults who maintained weight (25.0 cases per 

1,000 person-years) and adults who lost weight (23.0 cases per 1,000 person-years). The 

unadjusted incidence of arthritis was higher among adults who gained weight (33.0 cases per 

1,000 person-years).

Table 2 shows the hazard ratios of developing an arthritis condition for each weight change 

category compared with adults who maintained a normal BMI. Results were suppressed for 

the obese-normal weight group as there were less than 10 incident arthritis cases in this 

group. The normal-overweight, normal-obese, overweight-obese, and obese-obese groups 

had significantly elevated risk of incident arthritis conditions. Figure S2 shows the 

cumulative hazard functions for each weight change group.

Risk Reduction Hypothesis

Compared with adults who remained obese, those who lost weight to an overweight BMI 

had lower risk of developing an arthritis condition (HR, 0.54; 95% CI, 0.32–0.92) (Table 3). 

However, adults who lost from overweight to normal did not have reduced risk of 

developing an arthritis condition (HR, 0.94; 95% CI, 0.67–1.34) compared with adults who 

were overweight at both time points. Figure 2a and 2b show the difference in cumulative 

hazard functions for the two risk reduction comparisons.
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Residual Risk Hypothesis

Compared with individuals who maintained a normal BMI, individuals who lost from 

overweight to normal (HR, 1.06; 95% CI, 0.76–1.47) had similar risk of developing an 

arthritis condition, suggesting there is little residual risk associated with having once had a 

higher BMI (Table 3). Adults who lost from obese to overweight also had comparable risk to 

adults who were overweight at both time points (HR, 1.01; 95% CI, 0.61–1.68). Figure 2c 

and 2d show the difference in cumulative hazard functions for the two residual risk 

comparisons.

Hypothetical Scenarios

If individuals who were obese in young adulthood and remained obese had instead lost 

weight and became overweight at midlife, 3.1% of incident arthritis conditions over the 

subsequent 10 years could have been averted (95% CI, 1.0% to 5.2%). Extrapolating these 

estimates to the population level, 335,276 cases (95% CI, 108,154 to 562,398) on average 

per year of the study period, out of a total of 10,815,354 incident cases, could have been 

averted under the hypothetical weight loss from obese scenario.

If the total population had a normal BMI at both young adulthood and midlife, 24.7% (95% 

CI, 17.6% to 31.2%) of incident arthritis conditions may be averted, corresponding to 

2,671,392 cases on average per year at the population level (95% CI, 1,903,502 to 

3,374,390).

Sensitivity Analyses

Our sensitivity analysis using imputed data for missing covariates (Table S3) was nearly 

identical to Table 2, suggesting that excluding participants without information on education 

or smoking status had no impact on our results.

Table S4 shows the associations between weight change category and arthritis conditions 

stratified by midlife age. The overall patterns are broadly similar, but the younger age group 

(40–49 years) has stronger risk in the weight gain categories. Additionally, being in the 

overweight-overweight group appears to increase risk for the younger age group but not for 

the older age group (50–69 years). Table S5 shows the associations stratifying by smoking 

status, which are broadly similar to the main results.

Using percent weight change to assess weight change, we found that obese adults who lost 

more than 10% had reduced risk compared with those who maintained their weight, though 

the association was not statistically significant, likely reflecting a lack of precision since few 

individuals achieved this degree of weight loss (Table S6).

Discussion

This nationally representative study of the relation of weight change to risk of incident 

arthritis had four principle findings. First, adults who lost weight from obese at age 25 to 

overweight at midlife had reduced risk of developing an arthritis condition compared with 

those who remained obese. The same protective effect was not observed for individuals who 

lost from overweight to normal, suggesting weight loss is more beneficial for individuals 
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with higher BMI. Second, individuals who lost weight had a similar level of risk as those 

who maintained a lower weight, suggesting there may not be residual risk associated with 

having been at a higher weight previously. Together, these results suggest weight in midlife 

appears to be an important influencer of arthritis risk. Finally, we estimated that nearly one 

quarter of incident arthritis cases at the national level, corresponding to 2.7 million 

individuals, would have been averted under the hypothetical scenario where all individuals 

were normal weight in young adulthood and midlife.

As in previous studies,12,19,20 we demonstrated an increase in arthritis risk associated with 

weight gain. Additionally, the risk reduction we observed was consistent with prior studies 

on osteoarthritis and gout.12,22,23 Weight loss may reduce arthritis risk through reduced joint 

loading and inflammation. It is possible that the observed reduction in arthritis risk was 

because obese adults who lose to overweight started at lower weights than the obese adults 

who maintained their weight. However, Table S2 shows the obese-overweight and obese-

obese categories had similar average BMIs at age 25. Additionally, our sensitivity analysis 

using 10% weight change suggest the findings are robust to different definitions of weight 

loss.

Prior evaluations of the residual risk hypothesis have been mixed. Analysis of an Australian 

cohort study concluded that childhood overweight measures were associated with adult knee 

pain independent of adult weight but only among men.34 Conversely, an analysis of the 1946 

British birth cohort study concluded that there was no additional risk of knee osteoarthritis 

associated with adolescent BMI after accounting for adult BMI.35 Similarly, we found that 

those who lost weight had comparable risk of developing an arthritis condition to 

participants who maintained a lower weight.

We also estimated the potential health implications of several weight loss intervention and 

overweight/obesity prevention scenarios. We found that progressively more cases of incident 

arthritis conditions could be averted under more comprehensive intervention/prevention 

scenarios from 3.1% under the obesity weight loss scenario to 24.7% under a comprehensive 

overweight/obesity prevention scenario (i.e., maintaining normal weight).

These findings underscore the importance of primary and secondary prevention of 

overweight/obesity in reducing arthritis incidence and its attendant substantial morbidity. In 

addition to reducing arthritis risk, lifestyle modification strategies associated with weight 

loss have been established as effective methods of improving outcomes and reducing pain 

and disability at the individual level among those with RMDs. Increasing physical activity 

has been shown to reduce risk of disability in those with knee osteoarthritis.36 Exercise and 

diet interventions leading to weight loss have also been associated with reduction in knee 

pain.37,38 Bariatric surgery can reduce pain,39 improve joint function,40 increase overall 

functional health and wellbeing,39 and prevent gout and hyperuricaemia.41

Given the high cost of pharmacologic, including biologic, therapy for many RMDs and lack 

of effective therapies for osteoarthritis beyond guidelines recommending weight loss and 

physical activity, a concerted effort to achieve and maintain a healthy weight is necessary to 

cost-effectively manage arthritis conditions. However, we found that losing enough weight 

Berry et al. Page 8

Arthritis Care Res (Hoboken). Author manuscript; available in PMC 2022 March 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



to drop BMI categories was rare (2.5%), potentially due to the set-point theory where the 

body calibrates to its metabolic activity to a given weight and resists weight loss.42 Thus, the 

efficacy of individual-level behavioral change strategies encouraging weight loss/

maintenance remain low. Instead, priority should be placed on developing policy 

interventions that reverse the upstream systemic and environmental drivers of the obesogenic 

environment and, as a result, reduce obesity at the population-level.43 Policy approaches, 

including unhealthy food and beverage taxes, front-of-pack nutrition labeling, and reduction 

of junk food advertising to children, are generally more cost-effective than health promotion 

or clinical interventions that target patients who have already become overweight or obese.44

Our study had several notable strengths. First, we used a novel application of a large, 

nationally representative cross-sectional survey to create a retrospective cohort design. As a 

result, our estimates are broadly generalizable to the US population. Second, in addition to 

evaluating weight loss in relation to weight maintenance as most prior studies have done, we 

tested an additional hypothesis concerning the residual risk associated with having 

previously been at a higher weight. Third, since age-associated height loss can lead to 

spurious estimates of BMI,45 we used recalled height at age 25, which is strongly correlated 

with historically measured height,46,47 to calculate BMI at age 25.

Nonetheless, our study had several limitations. First, the definition of “arthritis” relied on 

self-reported doctor-diagnosed arthritis, which does not necessarily reflect the true incidence 

of arthritis conditions. Second, we investigated the association between weight change and 

risk of arthritis conditions broadly, obscuring differences in types of arthritis. However, since 

self-reported doctor diagnosis of specific forms of arthritis in the NHANES is not validated, 

this broader approach is prone to less misclassification. Nonetheless, we acknowledge that 

the majority of these arthritis conditions are likely to be osteoarthritis given its much higher 

prevalence (27 million in 2008 compared to 1.3 and 3 million cases of rheumatoid arthritis 

and gout).48,49 Third, reliance on self-reported historic weight measures may have 

introduced error into our weight change estimates. However, prior studies have shown that 

self-reports of both current weight50 and past body weights are strongly correlated with 

measured weight.29,30 Fourth, our midlife BMI measure corresponds to an age range of 40–

69 years so our weight history period varies across individuals (between 15 and 44 years). 

However, analyses were adjusted for age at the midlife BMI measure to ensure that the 

associations of weight change with arthritis risk were made conditional on the length of the 

weight change period. Additionally, our age-stratified results were broadly similar. Fifth, 

exclusions of prevalent arthritis cases were differential by weight change category with the 

largest exclusions in the normal-obese, overweight-obese, and obese-obese groups. 

However, the higher prevalence among these groups is consistent with the increased 

incidence we see in the present analysis. Finally, weight loss was rare (2.5%) affecting the 

precision of our estimates, and, thus, limiting the ability to make inferences regarding the 

effects of weight loss on arthritis risk.

In conclusion, in this nationally representative sample of US adults, we found strong 

associations between weight change from young adulthood to midlife and the risk of 

developing an arthritis condition. Weight gain was associated with increased arthritis risk, 

whereas weight loss was associated with substantially reduced risk. Those who lost weight 
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had a risk comparable to those who maintained a lower weight, suggesting there may not be 

residual risk associated with having previously been heavier. Extrapolating to the 

population-level, we estimate that a substantial portion of incident arthritis cases could be 

avoided through effective weight loss strategies for individuals and population-level policies 

that encourage primary prevention of overweight/obesity. Our findings highlight the critical 

need to expand obesity treatment and prevention activities in order to achieve meaningful 

reductions in the burden of arthritis in the US population.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Significance & Innovation

• We used a novel application of a large, nationally representative cross-

sectional survey to create a retrospective cohort design where change in 

recalled weight from two earlier stages of life were used to study the 

incidence of arthritis conditions.

• Weight loss from young adulthood to midlife was associated with 

substantially reduced risk of developing an arthritis condition, and we found 

no evidence of residual risk from having been heavier earlier in life.

• Nearly one quarter of incident arthritis cases, corresponding to 2.7 million 

individuals at the national level, would have been averted under the 

hypothetical scenario where all individuals maintained normal weight from 

young adulthood to midlife.
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Figure 1. 
Study design for analysis of incident arthritis conditions (n= 13,669)

Figure 1 shows how cross-sectional, recall questions on weight history and age at arthritis 

diagnosis were leveraged to create a retrospective cohort of US adults. We studied 

individuals who participated in the NHANES III (1988–1994) or NHANES continuous 

(1999–2016) cross-sectional survey at ages 50–79 years. As part of the survey, individuals 

reported their recalled weight at age 25 (young adulthood) and at 10 year prior to survey 

(age 40–69 years, midlife), which were used to create a measure of weight change between 

young adulthood and midlife. We then investigated the association between this weight 

change and subsequent risk of developing an arthritis condition. ‘Follow-up’ for incident 

arthritis began at the midlife weight measure, which was 10 years prior to survey. 

Individuals who reported receiving a first diagnosis of arthritis more than 10 years prior to 

survey were considered prevalent cases and, thus, were excluded from the analysis of 

incident arthritis. Individuals who reported receiving a first diagnosis of arthritis during the 

follow-up period between midlife and time of survey were considered to have experienced 

incident arthritis over follow-up.
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Figure 2. 
Cumulative hazards of arthritis conditions by weight change category: Testing (A-B) risk 

reduction hypothesis and (C-D) residual risk hypothesis, NHANES 1988–1994 & 1999–

2016 (n=13,669)

Figure 2 shows the function for cumulative hazard of developing an arthritis condition by 

weight change category for the two comparisons testing the risk reduction hypothesis (A&B) 

and the two comparisons testing the residual risk hypothesis (C & D). Weight was recorded 

at age 25 and 10 years prior to survey to determine weight change between young adulthood 

and midlife. The x-axis corresponds to years between the midlife BMI measure, when 

participants’ ages were 40–69 years, and the time of survey, when participants’ ages were 

50–79 years. Models were adjusted for age at the midlife measure, gender, race, education, 

smoking status at the midlife measure, and survey year.
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Table 1.

Sample characteristics, NHANES 1988–1994 & 1999–2016 (n=13,669)

n %
a

Age at survey

 50–54 years 3012 28.4

 55–59 years 2330 21.9

 60–64 years 2938 17.9

 65–69 years 2196 14.0

 70–74 years 1948 11.0

 75–79 years 1245 6.9

Gender

 Female 5706 43.3

 Male 7963 56.7

Race/ethnicity

 Non-Hispanic White 6549 78.2

 Non-Hispanic Black 3054 9.5

 Hispanic 3428 8.4

 Non-Hispanic Other 638 3.8

Education
b

 Less than high school 5444 26.1

 High school/equivalent 2812 22.1

 Some college 2858 24.8

 College or higher 2555 27.0

Smoking status
c

 Never 6344 46.8

 Former 3537 26.5

 Current 3788 26.6

Weight change category
d

 Normal-normal 3634 28.3

 Normal-overweight 4191 30.0

 Normal-obese 1575 10.6

 Overweight-normal 241 1.6

 Overweight-overweight 1587 12.0

 Overweight-obese 1592 11.6

 Obese-normal 30 0.2

 Obese-overweight 126 0.8

 Obese-obese 693 4.9

Type of weight change
e

 Weight loss 397 2.5

 Weight maintenance 5914 45.3
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n %
a

 Weight gain 7358 52.2

Incident arthritis conditions
f 3603 25.8

a
Percentages are sample weighted using NHANES examination weights. Counts are unweighted.

b
Education was reported at the time of the NHANES survey.

c
Smoking status was reported from the midlife weight measure (10 years prior to survey).

d
Weight was recorded at age 25 and 10 years prior to survey to determine weight change between young adulthood and midlife.

e
Weight loss includes overweight-normal, obese-normal, and obese-overweight. Weight maintenance includes normal-normal, overweight-

overweight, and obese-obese. Weight gain includes normal-overweight, normal-obese, and overweight-obese.

f
Incident arthritis conditions reflects the number of new arthritis conditions that occurred over the 10-years of follow-up from the recalled midlife 

weight measure to the time of survey.
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Table 2.

Weight change from young adulthood to midlife and risk of developing an arthritis conditions, NHANES 

1988–1994 & 1999–2016 (n=13,669)

Weight Change
a

Number of Incident Arthritis Conditions
b

Incidence (95% CI)
c

HR (95% CI)
d

P value

Normal-normal 783 23.3 (21.7–25.0) Ref -

Normal-overweight 1071 28.2 (26.6–30.0) 1.27 (1.10–1.46) 0.001

Normal-obese 554 40.6 (37.3–44.1) 1.73 (1.48–2.02) <0.001

Overweight-normal 50 22.2 (16.8–29.3) 1.06 (0.76–1.47) 0.752

Overweight-overweight 333 22.8 (20.5–25.4) 1.12 (0.93–1.35) 0.229

Overweight-obese 539 38.8 (35.6–42.2) 2.00 (1.71–2.34) <0.001

Obese-normal - - - -

Obese-overweight 31 26.8 (18.9–38.2) 1.13 (0.68–1.87) 0.634

Obese-obese 238 40.0 (35.2–45.4) 2.08 (1.73–2.51) <0.001

a
Weight change categories based on BMI at age 25 (young adulthood) and BMI 10 years prior to the survey (midlife). Weight change categories are 

defined in Table S1.

b
Incident arthritis conditions reflects the number of new arthritis conditions that occurred over the 10-years of follow-up from the recalled midlife 

weight measure to the time of survey.

c
Arthritis conditions incidence rate per 1,000 person-years. Incidence rates are unadjusted.

d
Hazard of developing an arthritis condition, using normal-normal as the reference group. The Cox proportional hazard model was sample 

weighted and adjusted for categorical age at the midlife measure, gender, race/ethnicity, education level at survey, smoking status at the midlife 
measure, and survey year.

- indicates HR was suppressed because there were less than 10 incident cases in this group.
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Table 3.

Risk reduction and residual risk: HRs for weight change
a
 and incident arthritis conditions

b
, NHANES 1988–

1994 & 1999–2016 (n=13,669)

Weight Change HR
c 95% CI P value

Risk Reduction Hypothesis (weight loss vs higher weight maintenance)

 overweight-normal vs overweight-overweight
d 0.94 0.67–1.34 0.739

 obese-overweight vs obese-obese 0.54 0.32–0.92 0.023

Residual Risk Hypothesis (weight loss vs lower weight maintenance)

 overweight-normal vs normal-normal 1.06 0.76–1.47 0.752

 obese-overweight vs overweight-overweight 1.01 0.61–1.68 0.972

a
Weight change categories based on BMI at age 25 (young adulthood) and BMI 10 years prior to the survey (midlife). Weight change categories are 

defined in Table S1.

b
Incident arthritis conditions reflects new arthritis conditions that occurred over the 10-years of follow-up from the recalled midlife weight measure 

to the time of survey.

c
Hazard ratios generated via post-estimation through the lincom command of the base model comparing all weight change categories to the 

normal-normal reference group. All estimates sample weighted and adjusted for categorical age at the midlife measure, gender, race/ethnicity, 
education level at survey, smoking status at the midlife measure, and survey year.

d
This model presents the hazards of developing an arthritis condition for individuals who were overweight in young adulthood and lost to normal 

weight at midlife compared with individuals who were overweight and remained overweight. The other comparisons were constructed in the same 
fashion.
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