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Abstract

Objective: To evaluate knee and multi-joint osteoarthritis (KOA and MJOA) and compare 

features by sex and race/ethnicity in a population-based cohort.

Methods: Participants (n=544) enrolled in the Johnston County Health Study (JoCoHS) as of 

January 2023 were categorized by radiographic and symptomatic KOA and MJOA phenotypes 

and frequencies were compared by sex and race/ethnicity. Symptoms were assessed according to 

the Knee and Osteoarthritis Outcomes Scores (KOOS) and pain, aching, stiffness scores (PAS) at 

various joints. Models produced adjusted (for age, BMI, education) estimates (odds ratios [OR] or 

mean ratios [MR] and 95% confidence intervals [CI]).

Results: Men had twice the odds of MJOA-6 (at least three lower extremity joints); there were 

no significant differences in MJOA phenotypes by race. Women had 50% higher odds of KOA 

along with various features of KOA. Women reported significantly worse KOOS symptoms scores 

(MR = 1.25). Black participants had higher odds of more severe KOA (OR=1.47), subchondral 

sclerosis (OR=2.06) and medial tibial osteophytes (OR=1.50). Black participants reported worse 

KOOS symptoms than White participants (MR= 1.18). Although not statistically significant, 

Hispanics (versus non-Hispanics) appeared to have lower odds of radiographic changes but 

reported worse symptoms.

Conclusion: Preliminary findings in the diverse JoCoHS cohort suggest more lower extremity 

predominant MJOA in men compared to women. Women and Black participants had more 

KOA features and more severe symptoms. Hispanic participants appear to have higher pain 
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and symptoms scores despite having fewer structural changes. Studies in diverse populations are 

needed to understand the burden of OA.

Key Indexing Terms:

Osteoarthritis; Knee; Arthritis; Sex; Pain; Knee Joint

Background

Osteoarthritis (OA) is a leading cause of disability in the aging population that places 

notable burden on both the patient and the healthcare system [1,2]. The global prevalence 

of knee OA alone is estimated to be greater than 20% in individuals over the age of 40 

[3]. Compounding the pervasiveness of this disease, the healthcare costs of managing OA 

introduce considerable socioeconomic burden. In fact, when assessed in 2013 and 2017, 

OA was consistently the second most expensive medical condition in the U.S., accounting 

for greater than 5% of hospital costs and second only to sepsis [4,5]. The individual, and 

by extension socioeconomic, burden is expected to continue increasing in the foreseeable 

future due to an aging population and a persisting obesity epidemic [6,7]. Though the 

widespread prevalence of OA is appreciated by many, it is postulated that we are actually 

underestimating the true burden of disease [8,9].

Considerable heterogeneity in the disease, from its pathological mechanisms to its 

presentation, makes epidemiological research in OA challenging [10,11]. The extent of 

disease elements such as mechanical/anatomic abnormalities, physiologic changes, and 

molecular events leading to onset or progression of OA introduce one challenge. The role 

of different imaging modalities in the definition of OA present another challenge, especially 

in those without clinical symptoms of disease activity. To our interest, another challenge 

includes the variation in symptom presentation in patients with OA. For example, the 

knee is the most common site of diagnosed arthritis [10,12,13]. It has been shown that 

clinical signs and symptoms of knee osteoarthritis (KOA) vary in patients with radiographic 

evidence of disease and poorly correlate with the presence of radiographic features [14–16], 

prompting investigation into other predictors of pain and disability reporting in patients 

with OA. Differences between race, ethnicity, and sex are postulated to play a role in 

symptom presentation. There are robust data revealing that Black patients with KOA 

experience greater pain and disability as compared to White patients [17–21]. However, such 

comparisons in radiographic features, pain, and function in other ethnic groups, specifically 

Hispanic patients, are not well described. We aim to further describe these differences 

between race/ethnicity and sex.

Additionally, OA often presents in a polyarticular rather than a monoarticular distribution. 

Although this multi-joint presentation is prevalent in the population, it has suffered 

from lack of clarity in the literature. Variations in nomenclature such as “generalized 

osteoarthritis,” “polyarticular osteoarthritis,” “multiple joint osteoarthritis,” and others have 

been used, though no standardized definition has been widely adopted [22]. A more specific 

and understandable term, multi-joint osteoarthritis (MJOA), accompanied by the affected 

joints has been proposed in the recent past [22]. Although there has been a trend towards 
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the term, “MJOA,” standardized definitions are lacking. A 2019 systematic review analyzed 

the literature on MJOA and generated 10 clear definitions of different phenotypes based on 

joint sites and number of joints/sites involved [23]. Utilizing these definitions, we also aim 

to determine the association of these generated MJOA definitions between race/ethnicity and 

sex.

Participants and Methods

This cross-sectional study used data (collected as of January 2023) from the baseline visit 

of the Johnston County Health Study (JoCoHS), an actively enrolling population-based 

study in Johnston County, North Carolina with a focus on OA and other common comorbid 

conditions [24]. JoCoHS recruits White, Black, and Hispanic men and women ages 35 to 

70 years old living in the county, who must speak fluent English or Spanish. Members of 

JoCoHS were invited to an outpatient clinic visit for data collection including demographic 

information, anthropometric measurements, functional assessments, and radiographs of 

major joints (Figure 1).

Demographics and Covariables

All participants are asked to self-report their sex at birth as well as their current 

gender identity; sex at birth (male or female) was used in this analysis. As part of the 

inclusion criteria for the study, participants self-report their ethnicity (“Are you Hispanic, 

Latino/a, or of Spanish origin?”) followed by their race (All that apply: White, Black or 

African American, American Indian or Alaskan Native, Asian, Pacific Islander, Other). 

The inclusion criteria selected any participant who identified as Hispanic along with non-

Hispanic individuals that identified as Black or African American, and/or White if identified 

as such in their selections. Non-Hispanic individuals who did not identify as White or Black/

African American (e.g. American Indians, Alaskan Natives, Asians, Pacific Islanders, Other) 

were not included in the study. Age was calculated from date of birth in years at enrollment. 

Weight and standing height were measured at clinic visit to the nearest half centimeter 

and nearest pound, respectively, and body mass index (BMI) was computed as weight 

(kilograms, kg) divided by height (meters, m2). Highest level of education was self-reported 

as less than high school, high school diploma, some college, college degree, some graduate 

school, or graduate degree and dichotomized for this analysis as less than a college degree 

education or a college degree education or higher. Knee injury was self-reported for the right 

and left knee as having ever injured a knee joint badly enough that it limited ability to walk 

for at least two days.

Symptom and Radiographic Assessment

Symptoms of pain, aching, and stiffness (PAS) were assessed by asking participants, 

“On most days of any one month in the last 12 months did you have pain, aching, or 

stiffness in any of the following joints? Please rate as none, mild, moderate, or severe.” 

Radiographs were made following defined protocols of the anteroposterior (AP) supine 

hips, posteroanterior semi-flexed knees, posteroanterior hands, lateral and mortise weight-

bearing ankles, and AP and lateral weight-bearing feet. These standardized radiographs 

were assessed for radiographic OA (rOA) using the Kellgren-Lawrence grade (KLG) 
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and other joint features based on the standardized Burnett Atlas [25] by a single 

blinded musculoskeletal radiologist (JR) with demonstrated high reliability [20,26–28]. 

Symptomatic rOA was defined as the combination of radiographic features of OA and 

symptoms of PAS in the same joint. Additional definitions were utilized for specific features 

or complex sites such as the hands and feet, such that both hand and foot OA required 

rOA in a minimum of one joint in each of these sites. Symptomatic rOA was defined as 

the combination of radiographic features of OA and mild, moderate, or severe PAS in the 

same joint. Participants were excluded from this analysis if they did not complete their clinic 

visit, radiographic assessment, had knees with joint replacement, or were missing MJOA 

definitions.

This study was conducted in full compliance with the UNC Institutional Review Board 

(UNC IRB# 18–0438). All JoCoHS participants provided written informed consent prior to 

participation and at each study visit.

Evaluation of Multi-Joint Osteoarthritis (MJOA)

We utilized previously established MJOA definitions to classify participants based on 

phenotype [23]. Spinal radiographs were not obtained during JoCoHS clinic evaluations 

and thus MJOA-7 (bilateral knees and spine) was excluded from this analysis. Similarly, 

the use of spine OA in the definition of other MJOA subtypes (MJOA-1, MJOA-3, 

MJOA-4, MJOA-5, MJOA-MJOA-6, and MJOA-8) was also omitted. Joint sites included: 

distal interphalangeal (DIP), proximal interphalangeal (PIP), carpometacarpal (CMC), hips, 

knees, ankles, and feet. For each MJOA phenotype, participants were defined using a 

“radiographic” (MJOA-r) or “symptomatic” (MJOA-s) classification based on imaging 

results and symptomatology at joint sites. Refer to (Table 1) for the full list of MJOA 

definitions used in this study.

Participants were assessed for symptoms by asking them the previously defined questions 

for PAS. For the hand joints, a clinical examination was performed by two experienced 

examiners to assess for tenderness and bony enlargement at each joint. Reliability was 

determined by having both examiners independently assess a randomly selected subset 

of 40 patients. Proportional agreement ranged from 0.57 to 0.97 for nodes and 0.86 to 

0.97 for tenderness [23]. To be considered symptomatic MJOA, any subtype needed to 

have radiographic evidence of OA in each joint and any of the previously mentioned 

symptoms (for joints other than hands) or hand physical exam abnormalities (tenderness, 

bony enlargement) in at least one joint.

Evaluation of Knee Osteoarthritis (KOA)

Fixed-flexion posteroanterior knee radiographs were read for KLG and other features as 

described above [29]. Knee rOA was defined as KLG ≥2 (mild, moderate, or severe 

KLG) and symptomatic knee OA (sxKOA) was defined as rOA and PAS in the same 

knee. Other radiographic feature outcomes included osteophytes (medial/lateral and tibial/

femoral), sclerosis, subchondral cysts, medial/lateral chondrocalcinosis, and medial/lateral 

joints space narrowing. Pain, function, and other symptoms (such as swelling, decreased 

range of motion, etc.) were assessed via self-reported questionnaires including the Knee and 
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Osteoarthritis Outcomes Scores (KOOS) [30]. KOOS was self-reported and computed from 

answers regarding the participant’s worst knee and reported for the separate subscales for 

KOOS Pain (9 items), KOOS Symptoms (7 items), KOOS Function (9 items), and KOOS 

Quality of Life (QOL, 4 items). KOOS scores ranged from 0 to 100 with a score of 0 

representing extreme knee problems and 100 representing no knee problems. PAS symptoms 

were collected and graded by severity (none, mild, moderate, or severe).

Statistical Analysis

Descriptive statistics were computed for the analytic sample with counts and percentages 

provided for categorical variables, means and standard deviation (SD) provided for 

continuous variables, and median and interquartile range (IQR) provided for count or score 

variables. Some variables were at the person-level and descriptive statistics were provided 

out of the total number of participants. Other variables were at the knee-level and descriptive 

statistics were provided out of total number of knees in the analysis.

The 18 person-level MJOA dichotomous outcomes were each modeled using logistic 

regression to produce adjusted odds ratios (OR) and 95% confidence intervals (CI) to 

quantify the association of sex and race with MJOA. All models included the following 

variables: sex, race/ethnicity, age, BMI, and education. Effects were non-estimable (ne) if 

cross-cell counts were smaller than 5.

The four person-level KOOS subscale outcomes were each modeled using zero-inflated 

negative binomial distribution to produce adjusted mean ratios (MR) and 95% CI to quantify 

the association of sex and race with KOOS. The log of the mean KOOS was modeled and 

the MR was interpreted as how much worse the KOOS score is on average between two 

groups (e.g. how much worse the KOOS score is on average for women compared to men). 

To account for excess number of scores equal to 100, KOOS subscale scores were reversed 

as 100 minus score so the higher the score the worse the knee assessment. This allowed the 

fit of a zero-inflated model that can account for the excess zeros (in this case corresponding 

to excess 100 scores). All models included the following variables: sex, race/ethnicity, age, 

BMI, education, and knee injury (given that this is KOOS and is a knee specific outcome).

Two knee-level outcomes for knee PAS were dichotomous: any PAS and ordinal severity 

PAS. Any knee PAS was modeled using logistic regression and ordinal severity PAS was 

modeled using cumulative logit regression to produce adjusted OR and 95% CI (using 

generalized estimating equations (GEE) to estimate an exchangeable correlation between 

knees within a person) to quantify the association of sex and race with knee PAS. All models 

included the following variables: sex, race/ethnicity, age, BMI, education, and knee injury 

(given that knee PAS and is a knee specific outcome). All other 13 knee-level radiographic 

outcomes were either dichotomous (knee rOA, sxKOA, sclerosis, subchondral cysts, medial/

lateral chondrocalcinosis) or ordinal (KLG, medial/lateral and tibial/femoral osteophytes, 

and medial/lateral joint space narrowing). Dichotomous outcomes were modeled using 

logistic regression and ordinal outcomes were modeled using cumulative logit regression to 

produce adjusted OR and 95% CI (using generalized estimating equations (GEE) to estimate 

an exchangeable correlation between knees within a person) to quantify the association of 

sex and race with knee radiographic outcomes. All models included the following variables: 
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sex, race/ethnicity, age, BMI, education, and knee injury (given that knee radiographic 

outcomes are knee specific outcomes).

All analyses were conducted using the statistical software package SAS version 9.4 (SAS 

Institute Inc., Cary, NC) and R package multgee: GEE solver for correlated nominal or 

ordinal multinomial responses [31]). Alpha level of statistical significance was considered at 

0.05 and effects shown as such where the 95% confidence interval excludes the null value of 

1.

Results

As of January 29th, 2023, 544 participants (1073 knees) completed their clinic visits and 

had at least one radiograph (excluded were 180 participants who did not complete their 

clinic visits, 6 participants and 15 knees without radiographs, 10 participants/20 knees 

with bilateral joint replacement, 19 knees involved in unilateral joint replacement, and 44 

participants missing all MJOA definitions, Figure 1). This group had a mean age of 55 years 

and 33% were men. Sixty-eight percent of the population identified as White, 23% Black, 

and 9% Hispanic (Table 1).

MJOA Outcomes

The most common MJOA subtypes in our population were MJOA-4: at least 2 lower 

body joint sites (22% MJOA-4r and 17% MJOA-4s), MJOA-8: at least 3 joint sites (19% 

MJOA-8r and 14% MJOA-8s), and MJOA-5: knee or hip and ankle or foot (16% MJOA-5r 

and 13% MJOA-5s). The least common MJOA subtypes included MJOA-2: at least 2 

interphalangeal and at least one CMC with knee or hip (5% MJOA-2r and 3% MJOA-2s), 

MJOA-9: at least 1 CMC and bilateral nodes (5% MJOA-9r and 2% MJOA-9s), and 

MJOA-3: at least 5 joint sites (3% MJOA-3r and 2% MJOA-3s, Table 1).

MJOA Outcomes by Sex—Men had statistically significant higher odds of displaying 

MJOA-6 (at least 3 sites out of the hip, knee, ankle, or foot), both radiographically and 

symptomatically (OR = 2.27 and OR = 2.33 respectively). Higher odds for men were also 

observed, though not statistically significant, in MJOA-1 and MJOA-3. Lower odds for men, 

though not statistically significant, were observed in MJOA-2 and MJOA 10r (Table 2).

MJOA Outcomes by Ethnicity—Black participants showed no statistically significant 

differences compared to White participants. Given the low census of Hispanic participants, 

we were unable to assess comparisons between Hispanic and White participants.

Knee Osteoarthritis (KOA) - Person Level Outcomes

For the worse knee, the median KOOS pain was 92, symptoms 86, function 92, and 

quality-of-life 81, respectively, in the overall analysis population (Table 1). Women reported 

significantly worse KOOS symptoms scores (MR = 1.25; 95% CI: 1.08, 1.43). Both Black 

and Hispanic participants reported worse KOOS in most subscales than White participants, 

though this effect only reached the level of statistical significance in KOOS symptoms 

between Black and White participants (MR = 1.18; 95% CI: 1.00, 1.38, Table 3).
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Knee Osteoarthritis (KOA) - Knee Level Outcomes

A history of injury was reported in 15% of knees. An absence of PAS symptoms (on most 

days) was reported in 53% of knees, while 20% of knees had mild, 19% had moderate, and 

9% had severe symptoms. Radiographic KOA was present in 28% of knees. Symptomatic 

KOA (evidence of radiographic KOA with any PAS) was present in 18% of knees. The 

most common radiographic features of KOA were medial tibial osteophytes, which were 

found in 55% (n=586) of knees and lateral tibial osteophytes, which were found in 34% 

(n=367) of knees. The least common radiographic KOA features included medial and lateral 

chondrocalcinosis in 2.3% and 2.6% of knees respectively. The distribution of all assessed 

radiographic features can be found in Table 4.

Knee Level Outcomes by Sex—Women tended towards greater PAS severity (Table 3), 

though this did not reach statistical significance (odds ratio [OR] = 1.35; 95% CI: 0.98, 

1.86). Women had significantly higher odds of knee rOA than men (OR = 1.56; 95% CI: 

1.04, 2.35). Additionally, women had higher odds of displaying advanced grades of most 

radiographic features of KOA, significantly so for lateral joint space narrowing (OR = 1.88; 

95% CI: 1.00, 3.54), medial tibial osteophytes (OR = 1.67; 95% CI:1.21, 2.30), and sclerosis 

(OR = 1.61; 95% CI: 1.07, 2.44, Table 5).

Knee Level Outcomes by Ethnicity—We found no evidence of differences in PAS 

symptoms severity by race/ethnicity (Table 3). Black participants had significantly higher 

odds of knee rOA than White participants (OR = 1.63; 95% CI: 1.06, 2.51). Overall, Black 

participants had higher odds of displaying advanced grades of most radiographic features 

than White participants, such as sclerosis (OR = 2.06; 95% CI: 1.36, 3.14), more severe 

KLG (OR = 1.47; 1.02, 2.11), and more severe medial tibial osteophytes (OR = 1.50; 

95% CI: 1.01, 2.22). They also had higher, although not statistically significant, odds of 

subchondral cysts (OR = 1.96; 95% CI: 0.89, 4.32), more severe lateral femoral osteophytes 

(OR = 1.89; 95% CI: 0.85, 4.22), and more severe medial joint space narrowing (OR=1.54; 

95% CI: 0.99, 2.38). Hispanic participants overall had lower odds of having advanced 

radiographic features of KOA compared to White participants. This was significant in KLG 

grade severity (OR = 0.60; 95% CI: 0.36, 1.00, Table 5).

Discussion

Using preliminary data from the actively enrolling JoCoHS, we compared multiple aspects 

of KOA and MJOA by race/ethnicity and sex. Our findings represent an interim analysis of 

ongoing cross-sectional research into OA using this diverse cohort. We discuss our major 

findings here, and as our sample size increases, we hope to further elucidate some of the 

initial results discovered in future comparisons.

Multi-Joint Osteoarthritis

The most common MJOA phenotypes in our sample were those with greater involvement 

of lower extremity, weight-bearing joints. Specifically, MJOA-4 (at least 2 lower extremity 

joints) was the most common phenotype. MJOA-5 (knee or hip plus either ankle or foot) 

and MJOA-8 (at least 3 joint sites including DIP, PIP, CMC, hip, knee, ankle, or foot) were 
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also highly represented. These findings feature some of the most common joints affected 

by OA such as the knees, hips, and hands and are thus consistent with our expectations 

[2, 32, 33]. However, some findings challenged these expectations. MJOA-6 (at least 3 

lower extremity joints), for example, interestingly was not as consistent with this trend 

despite its similarity to MJOA-4. Perhaps this reflects the overall prevalence of knee and 

hip involvement in lower extremity OA as compared to the foot and ankle [32, 34]. Further 

attention to the discrepancy between MJOA-4 and MJOA-6 expression will be necessary in 

repeat examinations.

Our least represented MJOA phenotype overall unsurprisingly was the one representing the 

greatest burden of disease. Both radiographic and symptomatic MJOA-3, involving at least 5 

joint sites between the DIP, PIP, CMC, hip, knee, ankle, and foot were only represented 

in 2–3% of the population each. While MJOA-3 has a more “generalized” definition, 

we attribute this to high number of affected joints required to meet its criteria, which 

would be expected to be less frequent in this younger, population-based cohort. Compared 

to most MJOA phenotypes in our sample, symptomatic subtypes primarily involving the 

hand appear to be expressed less often compared to their radiographic subtypes. Examples 

include MJOA-9 (with at least 1 CMC joint and bilateral nodes) and MJOA-10 (at least 3 

interphalangeal joints or bilateral nodes). We will continue to dedicate attention to this as 

our sample size grows, given the known and significant disability that can be associated with 

hand OA [35].

Observing for sex-specific differences, Men had more than double the odds of expressing 

MJOA-6 (at least 3 lower extremity joint sites), both radiographically and symptomatically. 

While this phenotype has heavy representation of the lower extremities, other leg or foot 

predominant phenotypes were not consistent with this finding. Notably the more common 

MJOA-4, which includes at least 2 lower extremity sites had an OR of around 1 for 

both radiographic and symptomatic presentations. As previously discussed, the commonly 

involved knees and hips are presumably well-represented in both MJOA-4 and MJOA-6, 

but this discrepancy implies that men with lower extremity predominant MJOA may have 

more extensive involvement, such as in the ankles and feet, introducing opportunity for 

more focused investigation. In our sample, 38% of men reported injury in at least one knee. 

Specific additional data including nature of injury, surgeries/procedures, and other injury 

of the lower extremity were not accounted for. Additionally, detailed social factors such as 

activity, exercise, and sports history were not included in this analysis. We will continue to 

closely follow this data as this study expands.

We found no statistically significant association between race and MJOA phenotype.

Knee Osteoarthritis

Consistent with prior epidemiologic evidence, the medial knee compartment appears to 

be affected significantly more in KOA, with a higher prevalence of osteophytes and joint 

space narrowing compared to the lateral compartment of the knee [36]. Likewise, tibial 

involvement appears more common than femoral involvement. Women in our sample had 

significantly greater odds of KOA compared to men, including all radiographic features 

assessed, although this was only significant in medial tibial osteophytes, sclerosis, and 
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lateral joint space narrowing. Similarly, women also had greater PAS scores and KOOS 

than men for each category, though findings were only significant for non-pain KOOS 

symptoms. Overall, this is an expected result of our study given the abundance of available 

data detailing that women have a greater likelihood of developing OA than men, especially 

with regards to KOA.

We note that Blacks follow an overall similar pattern to the above, having higher odds of 

knee rOA, more severe KLG grade, and presence of more radiographic features in multiple 

outcomes, most significant for medial tibial osteophytes and sclerosis. Additionally, Blacks 

reported worse KOOS in all categories, though only significant in non-pain symptoms. 

There was also a non-significant trend towards more moderate/severe PAS compared to 

Whites. Hispanics, on the other hand, were noted overall to have the opposite trend, with 

significantly lower KLG and non-significantly lower odds of multiple radiographic features. 

However, we observed a paradoxical increase in symptoms, as KOOS was non-significantly 

worse in all categories. Similar to Blacks, there was also non-significant trend towards 

more severe PAS. It must be noted that due to a relatively low sample size of Hispanic 

participants, this data is limited, but overall, our data suggest a potential association between 

race and multiple aspects of KOA. Previous studies have indicated that KOA may be more 

common in Blacks than in Whites [17, 20] and the few available studies on OA-related pain 

and disability suggest that Hispanics are more likely to experience activity limitation, work 

limitation, and more severe joint pain compared to Whites [37, 38]. Furthermore, studies 

focused on non-OA chronic pain have also suggested that Hispanics report more severe 

pain symptoms and activity limitation [39, 40]. However, there is an overall paucity of data 

relevant to OA-related pain in this population. Thus, we plan to dedicate particular attention 

to the apparent discrepancy between fewer knee rOA findings in Hispanics and the general 

trend towards worse KOOS and PAS scores.

This study has important strengths and limitations. Key strengths include the population-

based nature of the JoCoHS cohort and its diversity, allowing for valuable representation 

and therefore better generalizability. We anticipate that this growing and diverse cohort 

will allow flexibility in the study of OA outcomes and associations. Our most significant 

limitation is sample size. This limitation is notable in our Hispanic population, making it 

difficult to draw strong and reliable conclusions. We anticipate this limitation to be mitigated 

as JoCoHS grows. Additionally, in our observational study, there may be unmeasured or 

uncontrolled confounding factors, and the possibility of multiple testing problems may 

potentially inflate results to appear more significant. However, given the exploratory nature 

of this study, corrections of the significance level to account for this are often meaningless as 

there is no clear hypothesis with aim to maintain a specified significance level [41]. Another 

possible limitation may include the use of radiographs as the primary imaging modality 

for assessing OA, as it may miss early signs of OA compared to MRI and may also lead 

to skewing of some of our results if symptomatic patients also had other causes of joint 

pain (such as a meniscal injury or ligamental injury of the knee). However, radiographs are 

widely considered to be the most appropriate initial imaging modality for musculoskeletal 

abnormalities such as OA and the use of radiographs correlate to what is often initially 

explored in the evaluation of patients with suspected joint abnormalities. Lastly, excluding 

spinal imaging (and by extension MJOA-7) in our analysis may have also resulted in 
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slight variations in MJOA classification between participants as compared to the original 

definitions which included the spine.

Conclusion

This preliminary analysis of an actively enrolling cohort describes many characteristics of 

note, with some findings consistent with current epidemiological trends and some unique 

findings as well. Men were found to more commonly express MJOA-6, suggesting a 

possible association between lower extremity-predominant MJOA compared to women in 

this younger group. We found no statistically significant association in MJOA phenotypes 

by race. Regarding KOA, women and Blacks generally had more features of KOA and 

more severe pain and symptom outcomes, consistent with the literature. Interestingly, our 

preliminary data suggests that Hispanics may express most MJOA subtypes less frequently 

than Whites along with fewer knee level outcomes, despite typically reporting higher pain 

and symptoms scores. While our data is currently limited by sample size, we expect the 

growing and diverse JoCoHS cohort to allow us the opportunity to contribute unique and 

beneficial knowledge to the OA literature.

The source(s) of support in the form of grants or industrial support:

This work was funded in part by: CDC U01DP006266 and NIH/NIAMS R01AR077060, P30AR072580, and 
K24AR081368

References

1. Theis KA, Murphy LB, Guglielmo D, et al. Prevalence of Arthritis and Arthritis-Attributable 
Activity Limitation — United States, 2016–2018. MMWR Morb Mortal Wkly Rep 2021;70:1401–
1407. DOI: 10.15585/mmwr.mm7040a2 [PubMed: 34618800] 

2. Hunter DJ, Schofield D, & Callander E (2014). The individual and socioeconomic impact of 
osteoarthritis. Nature Reviews Rheumatology, 10(7), 437–441. 10.1038/nrrheum.2014.44 [PubMed: 
24662640] 

3. Cui A, Li H, Wang D, Zhong J, Chen Y, & Lu H (2020). Global, regional prevalence, incidence and 
risk factors of knee osteoarthritis in population-based studies. EClinicalMedicine, 29–30, 100587. 
10.1016/j.eclinm.2020.100587

4. Torio C, & Moore B. (2016). National Inpatient Hospital Costs: The Most Expensive Conditions by 
Payer, 2013. HCUP Statistical Brief #204.

5. Liang L, Moore B, & Soni A (2006). National Inpatient Hospital Costs: The Most Expensive 
Conditions by Payer, 2017. HCUP Statistical Brief #261.

6. Turkiewicz A, Petersson IF, Björk J, Hawker G, Dahlberg LE, Lohmander LS, & Englund 
M (2014). Current and future impact of osteoarthritis on health care: a population-based 
study with projections to year 2032. Osteoarthritis and Cartilage, 22(11), 1826–1832. 10.1016/
j.joca.2014.07.015 [PubMed: 25084132] 

7. Zhang Y, & Jordan JM (2010). Epidemiology of Osteoarthritis. Clinics in Geriatric Medicine, 26(3), 
355–369. 10.1016/j.cger.2010.03.001 [PubMed: 20699159] 

8. Jafarzadeh SR, Felson DT. Updated Estimates Suggest a Much Higher Prevalence of Arthritis 
in United States Adults Than Previous Ones. Arthritis Rheumatol. 2018 Feb;70(2):185–192. doi: 
10.1002/art.40355. Epub 2018 Jan 3. [PubMed: 29178176] 

9. Hubertsson J, Petersson IF, Thorstensson CA, & Englund M (2013). Risk of sick leave and disability 
pension in working-age women and men with knee osteoarthritis. Annals of the Rheumatic 
Diseases, 72(3), 401–405. 10.1136/annrheumdis-2012-201472 [PubMed: 22679305] 

Novin et al. Page 10

J Rheumatol. Author manuscript; available in PMC 2025 March 15.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



10. Pereira D, Peleteiro B, Araújo J, Branco J, Santos RA, & Ramos E (2011). The effect of 
osteoarthritis definition on prevalence and incidence estimates: a systematic review. Osteoarthritis 
and Cartilage, 19(11), 1270–1285. 10.1016/j.joca.2011.08.009 [PubMed: 21907813] 

11. Duncan RC, Hay EM, Saklatvala J, & Croft PR (2006). Prevalence of radiographic osteoarthritis
— it all depends on your point of view. Rheumatology, 45(6), 757–760. 10.1093/rheumatology/
kei270 [PubMed: 16418199] 

12. Prieto-Alhambra D, Judge A, Javaid MK, Cooper C, Diez-Perez A, & Arden NK (2014). Incidence 
and risk factors for clinically diagnosed knee, hip and hand osteoarthritis: influences of age, 
gender and osteoarthritis affecting other joints. Annals of the Rheumatic Diseases, 73(9), 1659–
1664. 10.1136/annrheumdis-2013-203355 [PubMed: 23744977] 

13. Hsu H, Siwiec RM. Knee Osteoarthritis. [Updated 2022 Sep 4]. In: StatPearls [Internet]. Treasure 
Island (FL): StatPearls Publishing; 2022 Jan-. Available from: https://www.ncbi.nlm.nih.gov/
books/NBK507884/

14. Bedson J, & Croft PR (2008). The discordance between clinical and radiographic knee 
osteoarthritis: a systematic search and summary of the literature. BMC Musculoskeletal Disorders, 
9, 116. 10.1186/1471-2474-9-116 [PubMed: 18764949] 

15. Vaughn IA, Terry EL, Bartley EJ, Schaefer N, & Fillingim RB (2019). Racial-Ethnic Differences 
in Osteoarthritis Pain and Disability: A Meta-Analysis. The Journal of Pain, 20(6), 629–644. 
10.1016/j.jpain.2018.11.012 [PubMed: 30543951] 

16. Lawrence JS, Bremner JM, & Bier F (1966). Osteo-arthrosis. Prevalence in the population and 
relationship between symptoms and x-ray changes. Annals of the Rheumatic Diseases, 25(1), 
1–24. [PubMed: 5905334] 

17. Allen KD (2010). Racial and ethnic disparities in osteoarthritis phenotypes. Current Opinion in 
Rheumatology, 22(5), 528–532. 10.1097/BOR.0b013e32833b1b6f [PubMed: 20473172] 

18. Allen KD, Chen J-C, Callahan LF, Golightly YM, Helmick CG, Renner JB, Schwartz TA, 
& Jordan JM (2012). Racial differences in knee osteoarthritis pain: potential contribution 
of occupational and household tasks. The Journal of Rheumatology, 39(2), 337–344. 10.3899/
jrheum.110040 [PubMed: 22133621] 

19. Glover TL, Goodin BR, Horgas AL, Kindler LL, King CD, Sibille KT, Peloquin CA, Riley JL, 
Staud R, Bradley LA, & Fillingim RB (2012). Vitamin D, race, and experimental pain sensitivity 
in older adults with knee osteoarthritis. Arthritis and Rheumatism, 64(12), 3926–3935. 10.1002/
art.37687 [PubMed: 23135697] 

20. Jordan JM, Helmick CG, Renner JB, Luta G, Dragomir AD, Woodard J, Fang F, Schwartz TA, 
Abbate LM, Callahan LF, Kalsbeek WD, & Hochberg MC (2007). Prevalence of knee symptoms 
and radiographic and symptomatic knee osteoarthritis in African Americans and Caucasians: the 
Johnston County Osteoarthritis Project. The Journal of Rheumatology, 34(1), 172–180. [PubMed: 
17216685] 

21. Nelson AE, Renner JB, Schwartz TA, Kraus VB, Helmick CG, & Jordan JM (2011). Differences 
in multijoint radiographic osteoarthritis phenotypes among African Americans and Caucasians: the 
Johnston County Osteoarthritis project. Arthritis and Rheumatism, 63(12), 3843–3852. 10.1002/
art.30610 [PubMed: 22020742] 

22. Nelson AE, Smith MW, Golightly YM, & Jordan JM (2014). “Generalized osteoarthritis”: 
A systematic review. Seminars in Arthritis and Rheumatism, 43(6), 713–720. 10.1016/
j.semarthrit.2013.12.007 [PubMed: 24461078] 

23. Gullo TR, Golightly YM, Cleveland RJ, Renner JB, Callahan LF, Jordan JM, Kraus VB, & Nelson 
AE (2019). Defining multiple joint osteoarthritis, its frequency and impact in a community-based 
cohort. Seminars in Arthritis and Rheumatism, 48(6), 950–957. 10.1016/j.semarthrit.2018.10.001 
[PubMed: 30390991] 

24. The Johnston County Health Study. About the Study. https://jocohs.unc.edu/

25. Burnett SJ, Hart DJ, Cooper C, Spector TD: A radiographic atlas of osteoarthritis. London: 
Springer-Verlag; 1994.

26. Qin J, Barbour KE, Murphy LB, Nelson AE, Schwartz TA, Helmick CG, Allen KD, Renner JB, 
Baker NA, Jordan JM: Lifetime Risk of Symptomatic Hand Osteoarthritis: The Johnston County 
Osteoarthritis Project. Arthritis Rheumatol 2017, 69(6):1204–1212. [PubMed: 28470947] Menz H, 

Novin et al. Page 11

J Rheumatol. Author manuscript; available in PMC 2025 March 15.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

https://www.ncbi.nlm.nih.gov/books/NBK507884/
https://www.ncbi.nlm.nih.gov/books/NBK507884/
https://jocohs.unc.edu/


Munteanu S, Landorf K, Zammit G, Cicuttini F. Radiographic Classification of Osteoarthritis in 
Commonly Affected Joints of the Foot. Osteoarthritis Cartilage. 2007;15(11):1333–8. doi:10.1016/
j.joca.2007.05.007 [PubMed: 17625925] 

27. Kraus V, Kilfoil T, Hash T et al. Atlas of Radiographic Features of Osteoarthritis of the Ankle 
and Hindfoot. Osteoarthritis Cartilage. 2015;23(12):2059–85. doi:10.1016/j.joca.2015.08.008 
[PubMed: 26318654] 

28. Kellgren J & Lawrence J. (1957) Radiological Assessment of Osteo-Arthrosis. Ann Rheum Dis. 
16(4):494–502. doi:10.1136/ard.16.4.494 [PubMed: 13498604] 

29. Roos EM, Lohmander LS. (2003) The Knee injury and Osteoarthritis Outcome Score (KOOS): 
from joint injury to osteoarthritis. Health Qual Life Outcomes. 1:64. doi: 10.1186/1477-7525-1-64. 
[PubMed: 14613558] 

30. Touloumis A (2015). R Package multgee: A Generalized Estimating Equations Solver for 
Multinomial Responses. Journal of Statistical Software, 64(8), 1–14. 10.18637/jss.v064.i08

31. Long H, Liu Q, Yin H, et al. Prevalence trends of site-specific osteoarthritis from 1990 to 2019: 
findings from the Global Burden of Disease Study 2019. Arthritis Rheumatol. 2022; 74(7): 1172–
1183.

32. Katz JN, Arant KR, Loeser RF. Diagnosis and Treatment of Hip and Knee Osteoarthritis: A 
Review. JAMA. 2021;325(6):568–578. doi:10.1001/jama.2020.22171 [PubMed: 33560326] 

33. Wallace IJ, Worthington S, Felson DT, Jurmain RD, Wren KT, Maijanen H, Woods RJ, Lieberman 
DE. Knee osteoarthritis has doubled in prevalence since the mid-20th century. Proc Natl Acad 
Sci USA. 2017 Aug 29;114(35):9332–9336. doi: 10.1073/pnas.1703856114. Epub 2017 Aug 14. 
[PubMed: 28808025] 

34. Auroux M, Merle B, Fontanges E, Duvert F, Lespessailles E, Chapurlat R. The disability associated 
with hand osteoarthritis is substantial in a cohort of post-menopausal women: the QUALYOR 
study. Osteoarthritis Cartilage. 2022 Nov;30(11):1526–1535. doi: 10.1016/j.joca.2022.07.010. 
Epub 2022 Aug 19. [PubMed: 35995128] 

35. Jones RK, Chapman GJ, Findlow AH, et al. A new approach to prevention of knee osteoarthritis: 
reducing medial load in the contralateral knee. J Rheumatol 2013;40:309–15.doi:10.3899/
jrheum.120589 [PubMed: 23322462] 

36. Bolen J, Schieb L, Hootman JM, Helmick CG, Theis K, Murphy LB, Langmaid G. Differences in 
the prevalence and severity of arthritis among racial/ethnic groups in the United States, National 
Health Interview Survey, 2002, 2003, and 2006. Prev Chronic Dis. 2010 May;7(3):A64. Epub 
2010 Apr 15. [PubMed: 20394703] 

37. Centers for Disease Control and Prevention (CDC). Racial/ethnic differences in the prevalence and 
impact of doctor-diagnosed arthritis--United States, 2002. MMWR Morb Mortal Wkly Rep. 2005 
Feb 11;54(5):119–23. [PubMed: 15703693] 

38. Hollingshead NA, Ashburn-Nardo L, Stewart JC, Hirsh AT. The Pain Experience of Hispanic 
Americans: A Critical Literature Review and Conceptual Model. J Pain. 2016 May;17(5):513–28. 
doi: 10.1016/j.jpain.2015.10.022. Epub 2016 Jan 30. [PubMed: 26831836] 

39. Carey TS, Freburger JK, Holmes GM, Jackman A, Knauer S, Wallace A, Darter J. Race, care 
seeking, and utilization for chronic back and neck pain: population perspectives. J Pain. 2010 
Apr;11(4):343–50. doi: 10.1016/j.jpain.2009.08.003. Epub 2009 Oct 22. [PubMed: 19853527] 

40. Turkiewicz A, Luta G, Hughes HV, Ranstam J. Statistical mistakes and how to avoid them - lessons 
learned from the reproducibility crisis. Osteoarthritis Cartilage. 2018 Nov;26(11):1409–1411. doi: 
10.1016/j.joca.2018.07.017. Epub 2018 Aug 8. [PubMed: 30096356] 

Novin et al. Page 12

J Rheumatol. Author manuscript; available in PMC 2025 March 15.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 1. 
Strobe Diagram of Patient Selection
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Table 1.

Descriptive Statistics on Person-level Characteristics of JoCoHS Sample

Person-level characteristics Overall (N=544)

Demographics and Anthropometry n or mean % or ±SD

Men, n % 180 33.1

Age, mean±SD years, range=35–70 55.3 ±9.5

Age group (years), n %

 35–44 93 17.1

 45–54 148 27.2

 55–64 191 35.1

 65–74 112 20.6

Race, n %

 White 371 68.2

 Black 124 22.8

 Hispanic 49 9.0

Education: less than College degree, n % (missing=3) 276 50.7

BMI, mean±SD kg/m 2 , range=17–54 32.0 ±6.9

KOOS subscales on the worst side knee median (IQR)

KOOS Pain (9 items), range=19–100 (missing=2) 91.7 (75.0–100)

KOOS Symptoms (7 items), range=14–100 (missing=2) 85.7 (67.9–96.4)

KOOS Function (9 items), range=6–100 (missing=2) 91.7 (72.2–100)

KOOS QOL (4 items), range=0–100 (missing=1) 81.3 (56.3–100)

MJOA Definitions n %

1r. ≥1 IP node and ≥2 other sites (hip, knee, ankle, foot) 51 9.4

1s. ≥1 IP node and ≥2 other sites (hip, knee, ankle, foot) (≥1 Sx / T/ BE) 38 7.0

2r. ≥2 IP and ≥1 CMC and knee or hip 28 5.1

2s. ≥2 IP and ≥1 CMC and knee or hip (≥1 Sx / T/ BE) 18 3.3

3r. ≥5 joint sites (DIP, PIP, CMC, hip, knee, ankle, foot) 14 2.6

3s. ≥5 joint sites (DIP, PIP, CMC, hip, knee, ankle, foot) (≥1 Sx / T/ BE) 11 2.0

4r. ≥2 lower body joint sites (hip, knee, ankle, foot) 118 21.7

4s. ≥2 lower body joint sites (hip, knee, ankle, foot) (≥1 Sx / T/ BE) 91 16.7

5r. Knee or hip and 1 other joint site: (ankle or foot) 85 15.6

5s. Knee or hip and 1 other joint site: (ankle or foot) (≥1 Sx / T / BE) 69 12.7

6r. ≥3 sites (hip, knee, ankle, or foot) 39 7.2

6s. ≥3 sites (hip, knee, ankle, or foot) (≥1 Sx / T / BE) 34 6.3

8r. ≥3 joint sites (DIP, PIP, CMC, hip, knee, ankle, foot) 104 19.1

8s. ≥3 joint sites (DIP, PIP, CMC, hip, knee, ankle, foot) (≥1 Sx / T/ BE) 76 14.0

9r. ≥1 CMC and bilateral nodes 29 5.3

9s. ≥1 CMC and bilateral nodes (≥1 Sx / T/ BE) 8 1.5

10r. ≥3 IPs or bilateral nodes 72 13.2

10s. ≥3 IPs or bilateral nodes (≥1 Sx / T / BE) 17 3.1
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SD=standard deviation; IQR=interquartile range, KOOS=Knee injury and osteoarthritis outcome score, MJOA=multi-joint osteoarthritis, 
IP=interphalangeal, DIP=distal interphalangeal, PIP=proximal interphalangeal, CMC=carpometacarpal, Sx=symptom(s), T=tenderness, BE=bony 
enlargement
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Table 2.

Descriptive and adjusted associations for differences in sex and race/ethnicity for MJOA outcome models

MJOA outcomes*
Women Men Men [vs Women] White Black Hispanic Black [vs White] Hispanic [vs White]

% % OR (95% CI) % % % OR (95% CI) OR (95% CI)

MJOA-1r 8.2 11.7 1.21 (0.64, 2.29) 8.9 13.7 2.0 1.27 (0.64, 2.53) ne

MJOA-1s 6.0 8.9 1.32 (0.65, 2.69) 7.3 8.1 2.0 0.81 (0.36, 1.81) ne

MJOA-2r 4.9 5.6 0.86 (0.37, 1.98) 6.2 3.2 2.0 ne ne

MJOA-2s 3.3 3.3 0.81 (0.29, 2.28) 4.3 1.6 . ne ne

MJOA-3r 2.2 3.3 1.28 (0.43, 3.87) 3.2 1.6 . ne ne

MJOA-3s 1.6 2.8 1.48 (0.43, 5.07) 2.7 0.8 . ne ne

MJOA-4r 21.7 21.7 0.97 (0.59, 1.57) 20.5 30.6 8.2 1.12 (0.67, 1.88) ne

MJOA-4s 16.8 16.7 1.06 (0.62, 1.80) 16.4 21.0 8.2 0.82 (0.46, 1.46) ne

MJOA-5r 15.9 15.0 0.92 (0.53, 1.58) 14.6 23.4 4.1 1.23 (0.71, 2.14) ne

MJOA-5s 12.6 12.8 1.09 (0.60, 1.96) 12.1 17.7 4.1 1.01 (0.55, 1.87) ne

MJOA-6r 5.8 10.0 2.27 (1.10, 4.69) 7.0 9.7 2.0 0.97 (0.45, 2.09) ne

MJOA-6s 4.9 8.9 2.33 (1.07, 5.07) 5.9 8.9 2.0 1.06 (0.47, 2.39) ne

MJOA-8r 18.7 20.0 0.88 (0.53, 1.45) 19.4 23.4 6.1 0.85 (0.49, 1.48) ne

MJOA-8s 13.5 15.0 1.02 (0.58, 1.79) 14.3 17.7 2.0 0.81 (0.44, 1.49) ne

MJOA-9r 5.5 5.0 0.65 (0.28, 1.52) 6.5 3.2 2.0 ne ne

MJOA-9s 1.9 0.6 ne 2.2 . . ne ne

MJOA-IOr 13.2 13.3 0.73 (0.41, 1.29) 14.3 12.9 6.1 0.68 (0.35, 1.33) ne

MJOA-IOs 3.8 1.7 ne 3.2 3.2 2.0 ne ne

MJOA=multi-joint osteoarthritis; OR=odds ratio; CI=confidence interval; ne=non estimable due to small cell counts (<5) OR>1 indicates higher 
odds of MJOA outcome prevalence and OR<1 indicates lower odds of MJOA outcome prevalence for group indicated; significant effects at 
alpha=0.05 shown in BOLD;

*
Models 1–18: Each row shows results from a logistic model for MJOA outcome using logit regression to produce adjusted odds ratios and 95% 

confidence intervals, OR (95% CI); All models include covariables for: sex, race/ethnicity, age, BMI, and <College degree education
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Table 4.

Descriptive Statistics on Knee-level Characteristics

Self-reported Knee features (n=1073 knees) n %

Any history of knee injury 159 14.8

Pain, aching, and stiffness (PAS) on most days

 none 568 52.9

 mild 214 19.9

 moderate 198 18.5

 severe 93 8.7

Radiographic features n %

Radiographic Knee Osteoarthritis (rOA) 305 28.4

Symptomatic Knee Osteoarthritis: rOA + PAS 192 17.9

Kellgren Lawrence Grade (KLG)

 0: no osteoarthritis 408 38.0

 1: questionable 360 33.6

 2: mild 151 14.1

 3: moderate 98 9.1

 4: severe 56 5.2

Medial Tibial Osteophytes

 0: normal 487 45.4

 1: mild 538 50.1

 2: moderate 38 3.5

 3: severe 10 0.9

Medial Femoral Osteophytes

 0: normal 1011 94.2

 1: mild 44 4.1

 2: moderate 17 1.6

 3: severe 1 0.1

Lateral Tibial Osteophytes

 0: normal 709 66.1

 1: mild 328 30.6

 2: moderate 30 2.8

 3: severe 6 0.6

Lateral Femoral Osteophytes

 0: normal 1030 96.0

 1: mild 38 3.5

 2: moderate 4 0.4

 3: severe 1 0.1

Sclerosis 243 22.6

Subchondral cysts 36 3.4

Medial Chondrocalcinosis 25 2.3

Lateral Chondrocalcinosis 28 2.6
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Self-reported Knee features (n=1073 knees) n %

Medial Joint Space Narrowing

 0: normal 798 74.4

 1: mild 149 13.9

 2: moderate 77 7.2

 3: severe 49 4.6

Lateral Joint Space Narrowing

 0: normal 1003 93.5

 1: mild 40 3.7

 2: moderate 21 2.0

 3: severe 9 0.8
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