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Abstract

Objective: To describe the point prevalence of hip symptoms, radiographic hip osteoarthritis 

(rHOA), severe rHOA, and symptomatic rHOA (sxHOA) at five time points in the longitudinal, 

population-based Johnston County Osteoarthritis Project (JoCoOA).

Design: Data were from 3068 JoCoOA participants who attended up to five study visits (1991–

2018). Standardized supine pelvis radiographs were read by a single, expert musculoskeletal 

radiologist with high reliability. The four outcomes were: 1) self-reported hip symptoms: “On 

most days, do you have pain, aching, or stiffness in your right/left hip?”; 2) rHOA: Kellgren-

Lawrence grade (KLG) of 2–4; 3) severe rHOA: KLG of 3–4; and 4) sxHOA: both symptoms 

and rHOA in the same joint. Weighted point prevalence and 95% confidence intervals (CI) were 

generated overall and by age group (45–54, 55–64, 65–74, 75+ years), sex, race (Black/White), 

and body mass index (BMI; 18.5–24.9; 25–29.9; 30+ kg/m2).

Results: At the most recent follow-up (2017–2018), the point prevalence (%) of hip symptoms, 

rHOA, severe rHOA, and sxHOA were 30% (95% CI 25%, 35%), 53% (95% CI 48%, 58%), 9% 

(95% CI 6%, 12%), and 15% (95% CI 11%, 19%), respectively. RHOA and severe rHOA were 

most prevalent in those 75+ years. Women were more likely than men to have hip symptoms and 

sxHOA. No consistent trends were noted by race or BMI.

Conclusion: These updated point prevalence estimates demonstrate a large and increasing 

burden of HOA in the general population, particularly with aging. Black and White individuals 

were affected similarly in this cohort.
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Hip osteoarthritis (HOA), although relatively common, has not been studied as intensively 

as knee OA, and trends in its prevalence over time are not known. We have previously 

estimated the lifetime risk of developing symptomatic radiographic HOA (rHOA) at 25%, 

meaning that nearly 1 in 4 adults in the United States will be affected by age 85 years1. 

The lifetime risk was similar by sex, race, and body mass index (BMI), suggesting that these 

important risk factors for knee OA2 are not as relevant for OA at the hip1. Over a decade 

ago, a systematic review of radiographic HOA (rHOA) prevalence including 23 studies 

reported a range of estimates from 1–27% with a mean of 8%, with substantial geographic 

variation3. The 2010 Global Burden of Disease study reported a global age-standardized 

prevalence of HOA of 0.85%, stable from 1990 to 2010, and higher in women4. Depending 

on the age of the cohort and the HOA definition used, the prevalence can vary, with hip 

symptoms (e.g., pain, aching, stiffness consistent with OA) being the highest, followed by 

rHOA, and then symptomatic HOA (sxHOA)5.

Population-based studies are needed to produce generalizable estimates of disease 

prevalence at a given time (e.g., point prevalence). The point prevalence of rHOA in 
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adults over 50 years of age in the Framingham OA Study (2002–2005, using standing 

anteroposterior long limb films) was 19.6% and was more common in men; sxHOA was 

less frequent at 4%6. We have previously published prevalence data from the baseline (T0) 

visit of the Johnston County OA Project (JoCoOA, 1991–1997), when the point prevalence 

estimates of hip symptoms, rHOA, severe rHOA, and sxHOA were 36%, 28%, 2.5%, 

and 10%, respectively7. Few population-based cohort studies exist with longitudinal OA 

prevalence data to allow updated estimation of the point prevalence of HOA, which is 

needed for estimating burden of disease on healthcare systems and society, as well as 

informing policy decisions. Therefore, the purpose of this manuscript is to describe the 

point prevalence of four hip outcomes (symptoms, rHOA, severe rHOA, and sxHOA) at all 

five available time points, from 1991 to 2018, in a large longitudinal U.S. population-based 

cohort of Black and White men and women (JoCoOA).

Participants and Methods

The JoCoOA, a prospective population-based cohort of Black and White men and women 

who were residents of six townships in Johnston County, North Carolina and were 45 

years of age and older at baseline, has been described in detail previously7. All participants 

gave written informed consent prior to participation. The JoCoOA has been continuously 

approved by the Centers for Disease Control and Prevention and University of North 

Carolina IRBs (#92–0583).

For the current analysis, data were collected from all JoCoOA time points: baseline (T0): 

1991–7, n=3068; first follow-up (T1): 1999–2003, including cohort enrichment (T1*): 

2003–4, total n=2573; second follow-up (T2): 2006–11, n=1595; third follow-up (T3): 

2013–15, n=785); and fourth follow-up (T4): 2017–2018, n=506 (Table 1). All visits 

included standardized anteroposterior supine pelvis radiographs obtained with the feet in 15 

degrees internal rotation; all radiographs were read by a single, experienced musculoskeletal 

radiologist (JBR) with high reliability (κ=0.86 and 0.89 for inter- and intra-rater reliability, 

respectively)8. Per study protocol, women under 50 years of age at the time of assessment 

did not undergo pelvis radiography. The T0 estimates were reported previously7 but are 

included here for completeness and ease of comparison.

For this study, there were four outcomes of interest defined as: 1) hip symptoms, using the 

question “On most days, do you have pain, aching, or stiffness in your right/left hip?”; 2) 

rHOA, a Kellgren-Lawrence grade (KLG)9 of 2 or more; 3) severe rHOA, KLG of 3 or 

more; and 4) sxHOA, the presence of both symptoms and rHOA as above, in the same hip. 

Both hips were considered; rHOA was defined if criteria were met in one or both hips, 

and hip symptoms were similarly defined. Less than 5% of hips at any time point (i.e., T0: 

n=26 [0.8%]; T1/T1*: n=40 [1.6%]; T2: n=56 [3.5%]; T3: n=36 [4.6%]; T4: n=24 [4.7%]) 

had undergone replacement, so this outcome was not analyzed separately; however, these 

individuals were included in the sxHOA category. Participants self-reported sex, age, and 

race; BMI (kg/m2) was calculated from height and weight measured during clinical visits.

Nelson et al. Page 3

Osteoarthr Cartil Open. Author manuscript; available in PMC 2022 September 16.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Statistical analysis

Cross-sectional, person-based, weighted point prevalence analyses were performed using 

the SURVEYFREQ procedure in SAS version 9.4, taking the complex sampling design, 

including sampling weights, into account, as detailed below. Sampling weights were 

calibrated separately for each actual collection time point to the respective U.S. Census 

population counts for Johnston County to reflect the changing population demographics, as 

described below. Streets (defined as the full length of a named thoroughfare from start to 

end) were considered the primary sampling unit. The stratification of the streets and the 

sampling rates differed by township depending on relative size, racial makeup, rural/urban 

status, and socioeconomic status, with the goal of oversampling of Black participants.

Each set of cross-sectional survey weights was constructed using a three-step process, 

detailed previously10 and summarized here. First, the inverse of the probability of selection, 

as determined by the sampling scheme at T0, the time of enrollment, was taken as the raw 

weight for T0; raw weights were set to 1 for the supplemental sample (T1*) drawn to enrich 

the size of the cohort, as this was considered a convenience sample. Second, the raw weights 

from T0 were adjusted for non-response (i.e., those participants who were selected but did 

not participate in interviews or clinic visits) at T0 and at T1 using logistic regression; T1* 

weights were not adjusted for non-response. Third, all adjusted weights were calibrated to 

the nearest US Census population values by a post-stratification adjustment. These values 

were from 1990 for T0; from 2000 for T1; and from 2010 for T2–T4. The weights were 

calibrated on four stratifying variables: age group (45–54, 55–64, 65–74, 75+ years), sex, 

race, and township of residence. This re-calibration to the Census at each time point re-

weights the sample to reflect the population at each cross-sectional time point. Finally, point 

prevalence estimates and corresponding 95% confidence intervals for each of the four hip 

outcomes separately at each time point were generated for the overall sample and by age 

group, sex, race, and BMI category (normal weight: 18.5–24.9 kg/m2; overweight: 25–29.9 

kg/m2; obese: 30 kg/m2 and higher11). Individuals in the underweight category (BMI < 18.5 

kg/m2) are included in the sample description (Table 2) but are not included in analyses due 

to non-estimable variance (due to strata with a single cluster and comprising only 1% of 

the sample). To provide values that are standardized to the same US Census (and therefore 

providing comparability across time), a sensitivity analysis calibrating all time points to a 

common US Census (i.e., the 2010 US Census) was also performed.

Results

As shown in Table 2, about 2/3 of the sample were women and 1/3 were Black, proportions 

which remained fairly stable over the study period. At four of five time points, the mean 

BMI was in the obese range, and the vast majority of participants were overweight or obese, 

also stable over time. The patterns of aging by 10-year age group are provided; there were 

no cohort members in the youngest age group for the last two follow-up periods due to aging 

of the cohort. The unweighted percentages for unilateral rHOA by time point (T0, T1, T2, 

T3, T4, respectively) were: 18%, 18%, 22%, 27%, and 30%; while for bilateral rHOA these 

were 12%, 15%, 17%, 19%, and 21%.
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As expected, the overall prevalence of rHOA, severe rHOA, and sxHOA increased with 

aging of the cohort (Figure 1); however, hip symptoms were relatively stable over time. 

In contrast to earlier time points, the last two (T3 and T4) visits were closer in time and 

therefore the changes were less marked. At the most recent follow-up time point (T4: 2017–

2018), the overall point prevalence estimates (%) of hip symptoms, rHOA, severe rHOA, 

and sxHOA were 30%, 53%, 9%, and 15%, respectively. For comparison, these values at 

baseline (T0: 1991–1997) were 36%, 28%, 2.5%, and 10%, respectively.

The weighted point prevalence estimates for the radiographic outcomes, rHOA and severe 

rHOA, overall and by age, sex, race, and BMI are shown in Table 3. The highest prevalence 

estimates for both rHOA and severe rHOA were noted among those 75 years of age and 

older at each time point, with lower prevalence among younger groups. Outcomes were 

generally similar by sex, race and BMI without consistent differences across time points.

The weighted point prevalence estimates for the symptomatic outcomes, hip symptoms and 

sxHOA by subgroups of age, sex, and race are shown in Table 4. Hip symptoms were 

relatively stable by age group across time points. The prevalence of sxHOA increased by 

age group at most time points, with the highest prevalence in the group that was 75 years 

of age and older at all time points. Compared with men, women were more likely to 

report hip symptoms and to have sxHOA across all time points. There were no consistent 

differences by race for either hip pain or sxHOA, although the latter was slightly less 

prevalent among Black individuals, particularly at later time points. This indicates that the 

prevalence of these outcomes was similar among Black and White participants. Additionally, 

no consistent trends by BMI were noted for sxHOA, although hip symptoms were somewhat 

more prevalent in the obese group compared to the normal and overweight groups at most 

time points.

In the sensitivity analysis, estimates generated using recalibration of the weights using the 

common population distribution from the 2010 US Census for all timepoints did not produce 

appreciably different results (data not shown).

Discussion

We report weighted point prevalence estimates for four hip outcomes in a large, population-

based longitudinal cohort of Black and White men and women with up to 26 years of 

follow-up. The prevalence of rHOA, severe rHOA, and sxHOA are high and increasing 

among this representative group. Older adults, particularly 75 years of age and older, 

had the highest prevalence of radiographic outcomes. Compared with men, women had a 

higher prevalence of symptomatic outcomes. All outcomes were similar by race. Consistent 

with the literature, and in contrast with knee OA outcomes12, hip OA outcomes were not 

consistently higher among those with obesity13; however, symptoms were more common 

among participants with obesity. As mentioned above, fewer than 5% of hips at any time 

point had undergone THR and these were not analyzed separately. While this estimate may 

seem low, this is a combination of the type of study and characteristics of the cohort. Other 

population-based, rather than clinical or at-risk studies, have estimated the frequency of 

THR around 1% (in 201014), with increasing frequency among younger individuals14, 15. As 
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a community-based cohort, the JoCoOA is likely more generalizable to the U.S. population 

as it includes Black and White men and women with a range of insurance coverage, access 

to care, and socioeconomic status.

Data collection in the JoCoOA began in 1991 with a younger group (mean ~61 years of 

age at T0) than many other studies and continued to 2018 (mean age ~73). Across these 

time points, several trends were noted. There were dramatic increases in HOA by age group, 

particularly for rHOA and severe rHOA. Although sxHOA was also more prevalent in the 

oldest groups, the difference was less marked than for radiographic outcomes, likely due to 

relative stability of hip pain over time and across age groups. Symptoms and sxHOA were 

more prevalent among women, although rHOA was not. The lack of differences by race 

reinforces the fact, as noted in the baseline JoCoOA paper in 2009, that Black individuals 

are at least as likely as Whites to be affected by HOA, not less so as had been described in 

the older literature16–19. There were no strong trends by BMI for rHOA outcomes, although 

symptoms were more prevalent among obese individuals.

As noted in the introduction, the prevalence of rHOA in the population-based Framingham 

OA Study was around 1 in 5 but was more common in men (25% versus 14% in women); 

the prevalence of sxHOA in that study was 4% (3% in women versus 5% in men), and 

more women reported hip symptoms (25% versus 15% in men)6. The baseline prevalence 

estimates of rHOA in the JoCoOA were substantially higher at 28% for rHOA (30% in 

women versus 25% in men) and 10% for sxHOA (11% in women versus 8% in men)7. 

These differences were further amplified in the most recent follow-up of the JoCoOA 

where the point prevalence estimate for rHOA increased to 53% (51% in women versus 

57% in men), and sxHOA to 15% (16% in women versus 12% in men). Key differences 

between these two cohorts beyond geography include, but are not limited to, differences in 

radiographic acquisition (standing long-limb in Framingham vs supine pelvis in JoCoOA), 

timing (only 2002–2005 included in Framingham estimates), BMI, and population diversity 

(both racial and socioeconomic). Few longitudinal cohort studies exist with which to 

compare the current results. Data from the Study of Osteoporotic Fractures found that 

in older White women the prevalence estimates of rHOA increased from 8% at baseline 

(1986–1988) to 11% after 8 years (1995–1996)20. Although that study also used supine 

radiographs, more stringent criteria were applied for rHOA, similar to the prevalence 

estimates for severe rHOA among women in the present work (9% and 11% at T3 and 

T4, respectively).

As noted in the introduction, estimates of rHOA prevalence vary widely, from 1% to 27%, 

with lower frequencies in Asian (1.4%) and African (2.8%) compared to North American 

(7.2%) and European populations (10.1%), higher frequencies in men and with increased 

age3. While the prevalence in the Global Burden of Disease (GBD) study suggested a lower 

burden of disease than these estimates4, a validation study of the severity questions used in 

the GBD analysis found that in a French population-based cohort of individuals with OA, 

a higher proportion of respondents (10–17%) classified their hip or knee OA as “severe” 

compared with only 2% in the GBD, suggesting underestimation of the proportion of OA 

patients with severe disease21.
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Since the 2009 review noted above, several cross-sectional studies (summarized below) 

have provided updated estimates of hip OA frequency in a similar range (1–28%) in a 

variety of populations. A small convenience sample based in Mexico City (n=204, mean 

age 57 years, 61% women) reported the frequency of clinical HOA (by American College 

of Rheumatology [ACR] criteria), rHOA (KLG≥2), or both, as 18%, 27%, and 15%, 

respectively22. A population-based study in Spain among individuals aged 40 years and 

older estimated the prevalence of sxHOA (defined as clinical [ACR] and radiographic 

[KLG≥2]) at 5%, associated with overweight/obesity and female sex23. The frequency of 

sxHOA according to a small study (n=522, age 40+) in Turkey was 1% and equal by sex24. 

Similarly, in a cross-sectional study in Greece (mean age 47), the prevalence of sxHOA was 

0.9% overall, higher in women (1.5%) than men (0.3%) and with age and obesity25. The 

age-standardized prevalence of sxHOA among adults in France aged 40–75 was estimated at 

1.9% in men and 2.5% in women26.

The overall prevalence of hip OA in Asian populations is often substantially lower 

than those in other groups. Using data from the Korean National Health and Nutrition 

Examination Surveys, among over 11,000 individuals age 50 and older, only 1% had rHOA 

and 0.2% had sxHOA, although it was more common with increasing age and in men27. A 

slightly higher prevalence estimate (2%) was seen in a random sample of Korean individuals 

over the age of 65 (KLoSHA)28. A study in the Shanxi province of China reported that 

rHOA was infrequent at 0.6%29, while the population-based Beijing OA study (n=1500) 

reported a prevalence estimate of rHOA of 0.9% in women and 1.1% in men, with only 

one case of sxHOA30. In contrast, the prevalence of rHOA in Japan approaches that in 

U.S. cohorts, estimated as 18% in men and 14% in women using baseline data from the 

ROAD study, while severe and sxHOA were less common (1.3% and 2.5%; 0.3% and 

1%, respectively)31. These various estimates of point prevalence highlight the need for 

standardized assessment of HOA in a variety of populations, and separately by sex, to fully 

characterize the burden of this condition.

Another way to consider public health burden is through registry estimates of disease 

frequency. Data from electronic medical records or registries, although not directly 

comparable to our estimates of point prevalence, support the growing burden of OA. Data 

from the UK Clinical Practice Research Datalink (which includes medical codes) estimate 

the frequency of hip OA to be 1.5% (although nearly 8% had “unspecified OA” in that 

paper)32. A German study using 2014 insurance claims data including over 7 million 

adults (mean age 75 years, 70% women), estimated the frequency of hip or knee OA at 

21%33. Using Global Burden of Disease data for six Nordic countries (Denmark, Finland, 

Greenland, Iceland, Norway, and Sweden), the frequency of hip and knee OA was noted to 

have increased by 43% to over 1.5 million adults from 1990–201534.

As with any longitudinal study, the main limitation of this work is loss to follow-up 

(although primarily due to death, as would be expected in this aging cohort over a lengthy 

period of follow-up). Notably, this is a study of point prevalence, not of cumulative 

incidence, and as such does not account for competing risks over time, although this is 

a planned future analysis. As it currently stands, there is no methodology that can produce 

reliable estimates of cumulative incidence incorporating both the complex survey features 
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and interval censoring inherent in this longitudinal study. As we and others have noted1, the 

question regarding hip symptoms is not specific and may reflect more generalized symptoms 

(particularly from the lower back). Per protocol, women potentially of reproductive age did 

not undergo pelvis radiography, limiting the available information for these participants. 

The unique strengths of this study include the large, longitudinal population-based JoCoOA 

cohort with detailed follow-up over up to 26 years, the inclusion of Black and White men 

and women from a range of socioeconomic backgrounds, and the high reliability of the 

radiographic reads (κ ≥ 0.86, all performed by a single expert musculoskeletal radiologist). 

By accounting for the complex sampling strategy and weighting to the corresponding US 

Census population figures (thus re-calibrating the sample to best reflect the population), 

we were able to provide more generalizable estimates of population point prevalence than 

studies without such a sampling strategy.

In conclusion, we provide longitudinal and updated person-based estimates of the point 

prevalence of hip symptoms, rHOA, severe rHOA, and symptomatic rHOA in the JoCoOA. 

As with our baseline (T0) study7, these estimates are higher than in other populations, 

suggesting a particular burden of HOA in this group which includes Black and White men 

and women with a variety of comorbid conditions35 and diverse socioeconomic status. These 

high prevalence figures support the large and increasing burden of hip pain and OA in this 

and other similar populations.

Acknowledgments

We would like to thank the staff and participants in the Johnston County Osteoarthritis Project without whom this 
work would not be possible.

Role of the funding source

Support for this project included federal funds through U01DP006266 (2016-2021) from the Centers for Disease 
Control and Prevention (CDC) in the amount of $329,000 (84%) disbursed over four years, supplemented by 
$65,000 from non-federal sources (16%).

As a longitudinal cohort (1991-present), this work has also been funded in part by: Association of Schools of 
Public Health/Centers for Disease Control and Prevention (CDC) S043, S1734, S3486; CDC U01DP003206; 
National Institutes of Health/National Institute of Arthritis and Musculoskeletal and Skin Diseases P60AR30701, 
P60AR049465, P60AR064166, and P30AR072580.

Dr. Murphy was, and Dr Helmick is, a CDC employee, and they are involved as coauthors. As this work was part 
of a U01 contract, the sponsor was involved in development of the aims, but not in collection of data or analysis. 
The CDC coauthors had input into manuscript preparation, the manuscript underwent the CDC clearance process, 
but the sponsor was not involved in the final decision to submit the manuscript for publication. The findings and 
conclusions in this report are those of the authors and do not necessarily represent the official position of the CDC.

References

1. Murphy LB, Helmick CG, Schwartz TA, Renner JB, Tudor G, Koch GG, et al. One in four 
people may develop symptomatic hip osteoarthritis in his or her lifetime. Osteoarthritis Cartilage 
2010;18:1372–1379. doi:10.1016/j.joca.2010.08.005. [PubMed: 20713163] 

2. Murphy L, Schwartz TA, Helmick CG, Renner JB, Tudor G, Koch G, et al. Lifetime risk 
of symptomatic knee osteoarthritis. Arthritis Rheum 2008;59:1207–1213. doi:10.1002/art.24021. 
[PubMed: 18759314] 

Nelson et al. Page 8

Osteoarthr Cartil Open. Author manuscript; available in PMC 2022 September 16.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



3. Dagenais S, Garbedian S, Wai EK. Systematic review of the prevalence of radiographic primary 
hip osteoarthritis. Clin Orthop Relat Res 2009;467:623–637. doi:10.1007/s11999-008-0625-5. 
[PubMed: 19037710] 

4. Cross M, Smith E, Hoy D, Nolte S, Ackerman I, Fransen M, et al. The global burden of hip 
and knee osteoarthritis: estimates from the global burden of disease 2010 study. Ann Rheum Dis 
2014;73:1323–1330. doi:10.1136/annrheumdis-2013-204763. [PubMed: 24553908] 

5. Pereira D, Peleteiro B, Araujo J, Branco J, Santos RA, Ramos E. The effect of osteoarthritis 
definition on prevalence and incidence estimates: a systematic review. Osteoarthritis Cartilage 
2011;19:1270–1285. doi:10.1016/j.joca.2011.08.009. [PubMed: 21907813] 

6. Kim C, Linsenmeyer KD, Vlad SC, Guermazi A, Clancy MM, Niu J, et al. Prevalence of 
radiographic and symptomatic hip osteoarthritis in an urban United States community: the 
Framingham osteoarthritis study. Arthritis Rheumatol 2014;66:3013–3017. doi:10.1002/art.38795. 
[PubMed: 25103598] 

7. Jordan JM, Helmick CG, Renner JB, Luta G, Dragomir AD, Woodard J, et al. Prevalence 
of hip symptoms and radiographic and symptomatic hip osteoarthritis in African Americans 
and Caucasians: the Johnston County Osteoarthritis Project. J Rheumatol 2009;36:809–815. 
doi:10.3899/jrheum.080677. [PubMed: 19286855] 

8. Jordan JM, Linder GF, Renner JB, Fryer JG. The impact of arthritis in rural populations. Arthritis 
Care Res 1995;8:242–250. doi:10.1002/art.1790080407. [PubMed: 8605262] 

9. Kellgren JH, Lawrence JS. Radiological assessment of osteo-arthrosis. Ann Rheum Dis 
1957;16:494–502. doi:10.1136/ard.16.4.494. [PubMed: 13498604] 

10. Jordan JM, Helmick CG, Renner JB, Luta G, Dragomir AD, Woodard J, et al. Prevalence of 
knee symptoms and radiographic and symptomatic knee osteoarthritis in African Americans and 
Caucasians: the Johnston County Osteoarthritis Project. J Rheumatol 2007;34:172–180. [PubMed: 
17216685] 

11. Obesity: preventing and managing the global epidemic. Report of a WHO consultation. World 
Health Organ Tech Rep Ser 2000;894:i–xii, 1–253. [PubMed: 11234459] 

12. Zheng H, Chen C. Body mass index and risk of knee osteoarthritis: systematic review and meta-
analysis of prospective studies. BMJ Open 2015;5:e007568. doi:10.1136/bmjopen-2014-007568.

13. Jiang L, Rong J, Wang Y, Hu F, Bao C, Li X, et al. The relationship between body mass index 
and hip osteoarthritis: a systematic review and meta-analysis. Joint Bone Spine 2011;78:150–155. 
doi:10.1016/j.jbspin.2010.04.011. [PubMed: 20580591] 

14. Maradit Kremers H, Larson DR, Crowson CS, Kremers WK, Washington RE, Steiner CA, et 
al. Prevalence of Total Hip and Knee Replacement in the United States. J Bone Joint Surg Am 
2015;97:1386–1397. doi:10.2106/JBJS.N.01141. [PubMed: 26333733] 

15. Wolford ML, Palso K, Bercovitz A. Hospitalization for total hip replacement among inpatients 
aged 45 and over: United States, 2000–2010. NCHS Data Brief 2015:1–8.

16. Tepper S, Hochberg MC. Factors associated with hip osteoarthritis: data from the First National 
Health and Nutrition Examination Survey (NHANES-I). Am J Epidemiol 1993;137:1081–1088. 
[PubMed: 8317437] 

17. Solomon L, Beighton P, Lawrence JS. Rheumatic disorders in the South African Negro. Part II. 
Osteo-arthrosis. South African Medical Journal 1975;49:1737–1740. [PubMed: 1188528] 

18. Ali-Gombe A, Croft PR, Silman AJ. Osteoarthritis of the hip and acetabular dysplasia in Nigerian 
men. J Rheumatol 1996;23:512–515. [PubMed: 8832994] 

19. Lawrence JS, Sebo M. The geography of osteoarthritis. In: The aetiopathogenesis of osteoarthritis, 
Nuki G Ed. Baltimore: University Park Press 1980:155–183.

20. Barbour KE, Lui LY, Nevitt MC, Murphy LB, Helmick CG, Theis KA, et al. Hip Osteoarthritis 
and the Risk of All-Cause and Disease-Specific Mortality in Older Women: A Population-
Based Cohort Study. Arthritis Rheumatol 2015;67:1798–1805. doi:10.1002/art.39113. [PubMed: 
25778744] 

21. Cross M, Ngueyon Sime W, March L, Guillemin F. The burden of osteoarthritis: self-reported 
severity in the KHOALA population-based cohort. Rheumatology (Oxford) 2020;59:2368–2373. 
doi:10.1093/rheumatology/kez619. [PubMed: 31889197] 

Nelson et al. Page 9

Osteoarthr Cartil Open. Author manuscript; available in PMC 2022 September 16.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



22. Macias-Hernandez SI, Zepeda-Borbon ER, Lara-Vazquez BI, Cuevas-Quintero NM, Morones-Alba 
JD, Cruz-Medina E, et al. Prevalence of clinical and radiological osteoarthritis in knee, hip, and 
hand in an urban adult population of Mexico City. Reumatol Clin 2020;16:156–160. doi:10.1016/
j.reuma.2018.06.001. [PubMed: 30196045] 

23. Blanco FJ, Silva-Diaz M, Quevedo Vila V, Seoane-Mato D, Perez Ruiz F, Juan-Mas A, et al. 
Prevalence of symptomatic osteoarthritis in Spain: EPISER2016 study. Reumatol Clin 2020. 
doi:10.1016/j.reuma.2020.01.008.

24. Yesil H, Hepguler S, Ozturk C, Capaci K, Yesil M. Prevalence of symptomatic knee, hand and hip 
osteoarthritis among individuals 40 years or older: a study conducted in Izmir city. Acta Orthop 
Traumatol Turc 2013;47:231–235. [PubMed: 23999509] 

25. Andrianakos AA, Kontelis LK, Karamitsos DG, Aslanidis SI, Georgountzos AI, Kaziolas GO, et 
al. Prevalence of symptomatic knee, hand, and hip osteoarthritis in Greece. The ESORDIG study. J 
Rheumatol 2006;33:2507–2513. [PubMed: 17143985] 

26. Guillemin F, Rat AC, Mazieres B, Pouchot J, Fautrel B, Euller-Ziegler L, et al. Prevalence 
of symptomatic hip and knee osteoarthritis: a two-phase population-based survey. Osteoarthritis 
Cartilage 2011;19:1314–1322. doi:10.1016/j.joca.2011.08.004. [PubMed: 21875676] 

27. Park JH, Lee JS, Lee SJ, Kim YH. Low prevalence of radiographic hip osteoarthritis and its 
discordance with hip pain: A nationwide study in Korea. Geriatr Gerontol Int 2020. doi:10.1111/
ggi.14085.

28. Cho HJ, Morey V, Kang JY, Kim KW, Kim TK. Prevalence and Risk Factors of Spine, 
Shoulder, Hand, Hip, and Knee Osteoarthritis in Community-dwelling Koreans Older Than Age 65 
Years. Clin Orthop Relat Res 2015;473:3307–3314. doi:10.1007/s11999-015-4450-3. [PubMed: 
26162413] 

29. Zhang JF, Song LH, Wei JN, Zhang AL, Dong HY, Wen HY, et al. Prevalence of and risk factors 
for the occurrence of symptomatic osteoarthritis in rural regions of Shanxi Province, China. Int J 
Rheum Dis 2016;19:781–789. doi:10.1111/1756-185X.12470. [PubMed: 25267183] 

30. Nevitt MC, Xu L, Zhang Y, Lui LY, Yu W, Lane NE, et al. Very low prevalence of hip 
osteoarthritis among Chinese elderly in Beijing, China, compared with whites in the United States: 
the Beijing osteoarthritis study. Arthritis Rheum 2002;46:1773–1779. doi:10.1002/art.10332. 
[PubMed: 12124860] 

31. Iidaka T, Muraki S, Akune T, Oka H, Kodama R, Tanaka S, et al. Prevalence of radiographic hip 
osteoarthritis and its association with hip pain in Japanese men and women: the ROAD study. 
Osteoarthritis Cartilage 2016;24:117–123. doi:10.1016/j.joca.2015.07.017. [PubMed: 26241774] 

32. Swain S, Sarmanova A, Mallen C, Kuo CF, Coupland C, Doherty M, et al. Trends in incidence and 
prevalence of osteoarthritis in the United Kingdom: findings from the Clinical Practice Research 
Datalink (CPRD). Osteoarthritis Cartilage 2020;28:792–801. doi:10.1016/j.joca.2020.03.004. 
[PubMed: 32184134] 

33. Postler A, Ramos AL, Goronzy J, Gunther KP, Lange T, Schmitt J, et al. Prevalence and treatment 
of hip and knee osteoarthritis in people aged 60 years or older in Germany: an analysis based on 
health insurance claims data. Clin Interv Aging 2018;13:2339–2349. doi:10.2147/CIA.S174741. 
[PubMed: 30532524] 

34. Kiadaliri AA, Lohmander LS, Moradi-Lakeh M, Petersson IF, Englund M. High and rising burden 
of hip and knee osteoarthritis in the Nordic region, 1990–2015. Acta Orthop 2018;89:177–183. 
doi:10.1080/17453674.2017.1404791. [PubMed: 29160139] 

35. Alvarez C, Cleveland RJ, Schwartz TA, Renner JB, Murphy LB, Jordan JM, et al. Comorbid 
conditions and the transition among states of hip osteoarthritis and symptoms in a community-
based study: a multi-state time-to-event model approach. Arthritis Res Ther 2020;22:12. 
doi:10.1186/s13075-020-2101-x. [PubMed: 31959228] 

Nelson et al. Page 10

Osteoarthr Cartil Open. Author manuscript; available in PMC 2022 September 16.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 1. 
Weighted point prevalence estimates of four hip outcomes (% with 95% confidence interval) 

in the overall cohort for 5 time points (1991–2018) *.

*Timepoints in the JoCoOA: Baseline (T0), 1991–7; First follow-up (T1)/Cohort enrichment 

(T1*), 1999–2004; Second follow-up (T2), 2006–2011; Third follow-up (T3), 2013–2015; 

Fourth follow-up (T4), 2017–2018.
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Table 2.

Unweighted sample characteristics across time points*.

Characteristic

Time point, years, n

T0 T1/T1* T2 T3 T4

1991–1997 1999–2004 2006–2011 2013–2015 2017–2018

n=3068 n=2573 n=1595 n=785 n=506

Age, Mean ± SD (range) 61.2 ± 10.6 (45–
93)

63.8 ± 10.6 (45–
102) 68.7 ± 9.2 (50–95) 71.7 ± 7.7 (55–

94)
73.5 ± 7.4 (59–

95)

Age Group, years (n, %)

 45–54 1008, 33% 627, 24% 74, 4% 0, 0% 0, 0%

 55–64 885, 29% 837, 33% 586, 35% 140, 18% 55, 11%

 65–74 794, 26% 664, 26% 571, 34% 383, 49% 237, 47%

 75+ 381, 12% 445, 17% 430, 26% 262, 33% 214, 42%

Sex (n, %)

 Men 1162, 38% 878, 34% 537, 33% 251, 32% 148, 29%

 Women 1906, 62% 1695, 66% 1114, 67% 534, 68% 358, 71%

Race (n, %)

 Black 999, 33% 834, 32% 522, 32% 245, 31% 170, 34%

 White 2069, 67% 1739, 68% 1129, 68% 540, 69% 336, 66%

BMI†, kg/m2, Mean ± SD 
(range)

29.0 ± 6.0 (15–59)
30.5 ± 6.7 (15–71) 31.4 ± 7.1 (15–78) 30.9 ± 6.6 (16–

61)
31.0 ± 6.5 (15–

57)

BMI†, kg/m2 (n, %)

 Underweight (<18.5) 34, 1% 19, 1% 9, 1% 6, 1% 3, 1%

 Normal (18.5–24.9) 749, 25% 471, 18% 250, 15% 117, 15% 88, 17%

 Overweight (25–29.9) 1160, 38% 902, 35% 543, 33% 274, 35% 158, 31%

 Obese (≥30) 1112, 36% 1177, 46% 847, 51% 388, 49% 257, 51%

*
Timepoints in the JoCoOA: Baseline (T0), 1991–7; First follow-up (T1)/Cohort enrichment (T1*), 1999–2004; Second follow-up (T2), 2006–

2011; Third follow-up (T3), 2013–2015; Fourth follow-up (T4), 2017–2018

†
BMI=body mass index by category
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Table 4.

Weighted* point prevalence estimates (%) and corresponding 95% confidence intervals (CI) for hip pain and 

symptomatic rHOA by age group, sex, and race, by 5 time points†, from 1991–2018

Hip Symptoms, % (95% CI) Symptomatic rHOA, % (95% CI)

T0 T1 T2 T3 T4 T0 T1 T2 T3 T4

Overall 36 (35, 
38)

36 (34, 
38)

29 (26, 
31)

34 (31, 
38)

30 (25, 
35)

9.7 (8.8, 
10.6)

11 (9, 
12)

11 (10, 
13)

18 (15, 
20)

15 (11, 
19)

Age group 
(years)

 45–54 31 (28, 
33)

32 (26, 
37)

38 (25, 
52) n/a‡ n/a‡ 5.9 (4.3, 

7.5) 8 (5, 11) 13 (7, 
19) n/a‡ n/a‡

 55–64 36 (33, 
39)

37 (33, 
40)

27 (22, 
32)

35 (28, 
41)

34 (23, 
45) 9 (7, 11) 9 (7, 11) 8 (5, 11) 18 (12, 

24) 9 (1, 18)

 65–74 41 (37, 
44)

41 (37, 
44)

30 (26, 
34)

35 (29, 
40)

27 (19, 
35) 11 (9, 13) 13 (10, 

16)
13 (10, 

15)
15 (11, 

20)
12 (6, 
17)

 75 and over 42 (37, 
48)

41 (36, 
46)

31 (27, 
35)

33 (27, 
39)

31 (23, 
39)

17 (13, 
21)

19 (15, 
23)

18 (15, 
22)

21 (16, 
26)

23 (14, 
31)

Sex

 Men 32 (30, 
34)

31 (27, 
35)

26 (21, 
30)

28 (22, 
34)

27 (18, 
36)

8.3 (6.9, 
9.6) 9 (7, 11) 10 (7, 

13)
16 (11, 

21)
12 (6, 
17)

 Women 40 (37, 
42)

40 (38, 
43)

32 (29, 
35)

40 (35, 
44)

31 (25, 
37)

11 (10, 
12)

12 (11, 
14)

13 (11, 
14)

19 (15, 
22)

16 (11, 
21)

Race

 White 36 (34, 
38)

36 (34, 
39)

29 (26, 
33)

35 (31, 
40)

31 (24, 
37) 9 (8, 10) 11 (9, 

13)
12 (10, 

14)
18 (15, 

22)
15 (10, 

20)

 Black 37 (34, 
40)

37 (32, 
41)

27 (22, 
33)

31 (24, 
37)

26 (18, 
34)

12 (10, 
14) 9 (6, 12) 10 (7, 

13)
16 (10, 

21)
12 (7, 
18)

BMI $ , kg/m 2 

 Normal (18.5–
24.9)

32 (29, 
35)

31 (26, 
36)

32 (23, 
40)

33 (24, 
42)

23 (12, 
35) 10 (7, 12) 10 (7, 

13)
17 (9, 
26)

21 (12, 
30) 9 (2, 17)

 Overweight 
(25–29.9)

33 (30, 
35)

32 (28, 
36)

23 (19, 
26)

31 (25, 
37)

20 (12, 
29)

8.0 (6.6, 
9.5)

11 (9, 
13)

11 (8, 
13)

14 (10, 
18) 7 (3, 10)

 Obese (≥30) 44 (41, 
46)

42 (39, 
45)

32 (28, 
36)

37 (32, 
42)

37 (30, 
44)

12 (10, 
13)

11 (9, 
12)

10 (8, 
12)

19 (15, 
24)

21 (15, 
27)

*
Weighted to the respective United States Census for Johnston County, NC

†
Timepoints in the JoCoOA: Baseline (T0), 1991–7; First follow-up (T1)/Cohort enrichment (T1*), 1999–2004; Second follow-up (T2), 2006–

2011; Third follow-up (T3), 2013–2015; Fourth follow-up (T4), 2017–2018

‡
At follow-up time points T3 and T4, no members of the cohort remained in the <55 years age group by design.

rHOA, radiographic hip osteoarthritis; BMI, body mass index
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