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Abstract

Objective: To describe the incidence and progression of radiographic and symptomatic hand
osteoarthritis (rHOA and sxHOA) in a large community-based cohort.

Design: Data were from the Johnston County OA Project (1999-2015, 12 £1.2 years follow-up,
age 45+). Participants had bilateral hand radiographs each visit, read for Kellgren-Lawrence grade
(KLG) at 30 joints. We defined rHOA as KLG =2 in 21 joint. SXHOA was defined in a hand/joint
with rHOA and self-reported symptoms or tenderness on exam. Incidence was assessed in those
without, while progression was assessed in those with, baseline rHOA. Proportions or medians are
reported; differences by sex and race were assessed using models appropriate for dichotomous or
continuous definitions, additionally adjusted for age, education, BMI, and weight change.

Results: Of 800 participants (68% women, 32% African American, mean age 60 years), 327 had
baseline rHOA and were older, more often white and female, than those without rHOA (n=473).
The incidence of HOA was high, for rHOA (60%) and for sxHOA (13%). Women were more
likely than men to have incident HOA, particularly for DIP rOA (aOR 1.60 95% CI [1.03, 2.49])
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and sxHOA (aOR 2.98 [1.50, 5.91]). Progressive HOA was more similar by sex, although thumb
base rOA progressed more frequently in women than in men (aOR 2.56 [1.44, 4.55]). Particularly
HOA incidence, but also progression, was more frequent among whites compared with African
Americans.

Conclusion: This study provides much needed information about the natural history of HOA, a
common and frequently debilitating condition, in the general population.

Keywords
Hand osteoarthritis; radiographs; epidemiology

The presentation of osteoarthritis (OA) varies immensely — affecting adults of all ages and
involving different joints throughout the body. Although hand osteoarthritis (HOA) is
exceedingly common and will affect 4 in 10 people by age 852, this joint site is understudied
in comparison to other sites, like the knee. HOA is a heterogeneous disease that presents as
bony enlargement and deformities of various joints in the hand.3 Patients may experience
pain, stiffness and decreased mobility, which can result in decreased grip strength and
functionality of the hand.* As such, HOA can lead to significant disability and increased
healthcare utilization.®

To date, studies of HOA are limited — particularly with regard to incidence and progression
of disease in longitudinal cohorts. Review of the literature reveals that prevalence estimates
of HOA in adults vary depending on the population studied and definitions used to define
the disease. HOA can be defined radiographically and/or symptomatically, and such
definitions can affect frequency estimates.® For example, the Framingham OA Study
estimated the frequency of symptomatic HOA as 13% in men and 26% in women > 70 years
of age, but only includes white individuals.” As the US population is aging, these data
suggest more people will be affected by HOA in the future highlighting the need for better
understanding of the natural history of this common condition, including differences by sex
and race.

The purpose of this study was to utilize recent longitudinal data to describe the incidence
and progression of radiographic and symptomatic HOA (rHOA and sxHOA, respectively) in
a large community-based cohort of African American and white men and women.

Participants and Methods

Data were obtained from adult participants (age = 45 years) in the Johnston County
Osteoarthritis Project (JoCo OA), an ongoing community-based prospective observational
cohort study monitoring the occurrence and natural history of OA in Johnston County, North
Carolina.8 JoCo OA enrolled non-institutionalized white and African American adults age
45 and older who resided in 6 townships in the county in a population-based manner
(without regard for symptoms or diagnosis). All participants provide informed consent,
answer standardized questionnaires and undergo an examination with trained staff, in
addition to radiography of multiple joint sites. This analysis included all participants at the
third JoCo OA follow up (n=909, collected 2013-15), and included data from all prior time
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points with hand data for these individuals (first follow-up: 1999-2003 or cohort enrichment:
2003-4, and second [combined] follow up: 2006-10). After exclusion of 109 participants due
to missing radiographs over time (n=84) or missing any of the 30 specific joint scores over
time (n=25), 800 participants were included in the complete case analysis (Figure 1).

Sex, race, and age were from self-report at baseline. Educational attainment at baseline was
categorized as completing less than a high school education vs at least a high school
education. Body mass index (BMI) at baseline was computed from measured standing
height (cm) and weight (kg) during the research clinic visit. Weight gain from baseline (T1)
to second follow-up (T3) was defined as more than a 5% increase in BMI.

All participants had posteroanterior radiographs of the bilateral hands at each visit, read
together in known time order® 10 by an experienced musculoskeletal radiologist (JBR) using
the Kellgren-Lawrence grading (KLG) system!® for all 30 joints (bilateral distal
interphalangeal [DIP] 2-5; proximal interphalangeal [PIP] 2-5; metacarpophalangeal [MCP]
1-5; interphalangeal [IP] and carpometacarpal [CMC] of the thumb). The radiologist has
previously demonstrated high reliability (kappa >0.7), detailed by joint in a prior paper.?
Erosive OA was not systematically assessed in this study, but noted only as a comment and
appeared to be relatively uncommon in this sample (9 participants). Therefore, erosive OA
was not analyzed separately, although these participants were included in the analyses for
other outcomes.

There are many ways to define rHOA.12 For these analyses, we considered several
definitions. First, rHOA overall was defined as a KLG of 2 or more in at least 1 of the 30
hand joints. Additionally, rOA by joint group (DIP, PIP, thumb IP, MCP, or CMC, involving
at least one joint in the group) and rHOA affecting 2 or more joints was assessed. We also
considered the number of joints affected by KLG of 2 or more and the sum score of KLG
(0-4 at each joint) across all 30 joints (range 0-120). SXHOA was defined as the presence of
symptoms defined in one of two ways with rOA in the same hand or specific joint site. First,
self-reported pain, aching or stiffness in the entire hand was assessed using the answer to
“On most days, do you have pain, aching, or stiffness in your hands” at baseline, which was
modified at follow up to: “On most days of any one month in the last twelve months, did you
have pain, aching, or stiffness in your hands?” at follow up, both with indicators for right or
left hand. Second, tenderness to palpation at each of the 30 hand joints during the research
exam was assessed (previously shown to be reliable, with agreement >0.9 for two trained
readers?). We additionally considered the number of joints with sxHOA.

Two groups were defined: those with baseline rHOA (KLG of 2 or more in at least 1 of the
30 hand joints) and those without. Among those without baseline rHOA, we defined incident
rHOA as newly meeting the above criteria in a hand or joint previously without rOA. Among
those with baseline rHOA, progression was defined as an additional joint involved, either
overall or in a given joint group for both rHOA and sxHOA. We again considered the overall
number of rHOA joints and sxHOA joints as well as the total sum KLG for progression.

Incidence and progression were assessed over an average of 12 years involving a baseline
(either first follow up: 1999-2004 or cohort enrichment: 2003-4) and two combined follow-
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up time-points (2006-2010 and 2013-2015). Descriptive statistics were shown as proportions
for dichotomous variables and medians (interquartile range) for continuous variables.

Most incidence and progression differences between sex and race were assessed by
modeling dichotomous definitions with logistic regression and producing adjusted odds
ratios (aOR) and 95% confidence intervals (95% CI) describing associations. For continuous
definitions (consisting of skewed count distributions) either zero-inflated negative binomial,
scaled negative binomial or scaled regression models were used to produce adjusted
incidence density ratios (alDR) or adjusted betas (B) and 95% CI describing associations.
Models were adjusted for age, sex, race, education, BMI, weight gain of 5% or more, and
HOA baseline values (for progression only).

Of the 800 included participants (Figure 1), 68% were women and 32% were African
American (Table 1). The mean age of the sample was 59.6 (standard deviation + 7.5) years,
and the mean body mass index (BMI) was 31.0 + 6.4 kg/m2. Those with baseline rHOA
(n=327, 41% of the sample) tended to be older (63 = 7 vs 57 + 7 years) and were more often
white (80% vs 61%) and women (72% vs 65%) than those without baseline rHOA (n=473,
59% of the sample). Socioeconomic status as represented by education level did not differ
between groups, nor did the proportion experiencing weight gain over the course of the
study (Table 1).

Incident HOA

The frequencies of incident rHOA (=1 or =2 joints), DIP rOA, PIP rOA, thumb IP rOA, and
thumb base rOA were slightly higher among women, while men were more likely to have
incident MCP rOA (Table 2). In adjusted models, women had statistically significantly
greater odds of DIP rOA (aOR 1.60, 95% CI [1.03, 2.49]) and had, on average, 1.33 times
the number of rHOA affected joints compared with men.

Incident sxHOA was significantly more likely in women (16% vs 7%), who also had more
joints with sxHOA (but not rHOA) compared with men. Both differences were statistically
significant in adjusted models, where women had nearly 3 times the odds of developing
sxHOA and had 4.7 times more joints affected with sxHOA than men. The overall KLG sum
score across all joints was similar by sex.

All definitions of rHOA and sxHOA were more common in white compared with African
American participants, particularly for rHOA (=1 joint), DIP OA, and thumb base OA (Table
2), all of which were at least twice as likely among whites in adjusted models. SXHOA was
more than twice as frequent in white compared to African American participants (17% vs
6%), with an adjusted odds ratio over 4. The number of joints affected by rHOA or sxHOA,
and the overall KLG sum, were also higher in white participants, although the adjusted IDR
was only significant for number of joints with rHOA (alDR 2.00 [1.54, 2.61]).
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Progression of HOA

Progressive rHOA was seen at similar frequencies between men and women, except for
MCP rOA, which more commonly progressed in men (58% vs 39%), and thumb base rOA,
which progressed more often in women (61% vs 41%, Table 3). Only thumb base OA was
statistically significant in adjusted models, where women had 2.5 times the odds of
progression compared with men. Progressive rHOA and sxHOA were slightly but not
statistically significantly more common in women compared with men. Women also had
more joints involved with rHOA and sxHOA over time, although this was not significant in
adjusted models.

All measures of HOA progression were higher among whites compared with African
Americans, although most were modestly so (Table 3). Thumb base rOA progression was
significantly more frequent among white compared with African American participants
(61% vs 34%), as was sxHOA progression (32% vs 25%, respectively); both remained
significant in adjusted models. Additionally, the number of joints affected and the change in
number of joints involved were slightly higher among whites compared with African
Americans, although not statistically significant after adjustment.

Discussion

HOA remains understudied in comparison to other common sites of OA, like the hip and
knee. While several studies have described the prevalence of hand OA in various
populations, there have been surprisingly few analyses of the incidence and progression of
OA in longitudinal, community-based cohorts. An understanding of the natural history of
this common and often debilitating condition is essential to informing further study,
including the development of new interventions. In this longitudinal, community-based
cohort including African American and white men and women, we found high frequencies
of new disease over an average of 12 years, particularly for rHOA (60%) but also for sxHOA
(13%). For most joint sites, compared with men, women were somewhat more likely to have
incident HOA, although the opposite was true at the MCP. The differences by race were
more apparent, with white participants experiencing much higher frequencies of incident
HOA by most definitions. HOA progression was similarly common, with rHOA progression
occurring in the majority of the sample and sxHOA in about two out of every five (41%).
Differences by sex were similar for progression and for incidence, while differences by race
were somewhat less pronounced. Of note, more than 1/4 of the sample, regardless of
subgroup, had progressive sxHOA with at least one additional joint involved over the follow-
up period (28% of African Americans, 35% of men, 43% of whites and 44% of women),
emphasizing the burden of this condition.

There are a few large cohort studies to which we can compare our findings. Haugen, et al'3,
using data from the Framingham OA Study (FOA, collected 1992-5 and 2002-5), reported 9-
year cumulative incidence for similar definitions of HOA that were overall lower than those
reported here (e.g., rHOA approximately 34%, PIP 5%, although thumb base OA was
comparable at 17% in men and 21% in women). However, the pattern of sex differences was
similar between the two studies. For progression over 9 years, the overall frequencies were
fairly similar to the current report (e.g., rHOA progression in >90%), although DIP
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progression was slightly lower among women in the JoCo OA than in the FOA (74% vs.
78%, respectively) but higher in men, (72% in JoCo OA vs. 59% in FOA). Additionally, PIP
and MCP progression were more common in JoCo OA compared with FOA. Thumb base
OA progression was more frequent in FOA (<50% in JoCo OA, >60% in FOA), again with
similar patterns by sex. Among individuals with hand pain but without baseline rHOA in the
Clinical Assessment Studies of the Hand studyl4, the KLG sum (for 20 joints; no MCP)
increased by 9 in women and 7 in men over 7 years, not dissimilar to the increase of 12 and
11 in the current analysis over 12 years (although the latter sum was for 30 joints). In the
Genetics, Arthrosis and Progression studyl®, a family study of multiple joint OA, the pattern
of progression was similar to the present study, with HOA progression most frequent in the
DIPs, then CMC, PIP/IP and MCPs. In a few smaller studies in more specific populations,
progression has been shown to be a common occurrence, although often modest in
severity16-18_ Of course, these are very different populations and utilized somewhat different
methodologies so are not directly comparable. The fact that there are not more studies, and
that there are none in diverse populations (all of the above studies were among whites),
highlights the need for additional work in this area.

We have previously reported on the cross-sectional frequency of multiple joint OA
phenotypes, including HOA, by race and sex in the JoCo OA.19 20 We found that, compared
to whites, African Americans were less likely to have phenotypes that included rHOAZC or
sxHOA!?, although they were more likely to have phenotypes involving one or more large
joints. Additionally, the lifetime risk of sxHOA was lower among African Americans
compared with whites in this cohort (29.2% vs. 41.4%).2 A large cross-sectional study in
young (age 42-53) African American and white women nearly two decades ago found a
similar prevalence of hand OA by race, although MCP OA was more common among
African American (12%) compared with white (3%) women; African American women
were also more likely to have both hand and knee OA (8% vs 2% of white women)?2L.
Unfortunately, we are not aware of any other community-based studies including African
Americans that are available for comparison, and the mechanisms behind these differences
are not known.

Limitations of this work include small numbers in some categories which precluded more
detailed modeling. As in most large cohorts, we have relatively infrequent assessments of
symptoms, and are not able to model detailed fluctuations in symptoms over time. We
focused on incidence and progression and did not separately analyze improvements in
symptoms over time. However, the strengths, including the large overall sample size, the
unique biracial cohort including both men and women, and the community-based nature of
the cohort, make this an important contribution to the HOA literature.

In this large, longitudinal, community-based cohort inclusive of African American and white
men and women, we found overall high frequencies of both incidence and progression of
HOA over an average of 12 years of follow up. Although common across the board, the
frequencies of incident and progressive HOA by a variety of definitions were generally
higher in women compared with men and among whites compared with African Americans;
differences were overall more marked for definitions of incidence than for progression.
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Additional studies are needed to understand potential mechanisms for the identified
differences (e.g., occupational, genetic, nutritional, biomechanical, or other factors).
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Inclusions Exclusions

JoCoOA Project T1/T1* clinic participants

N=3085 (haseline, 1999-2004)
l > No hand X-ray films read (n=1559)*
N=1526 JoCoOA Project T1/T1* clinic participants
B (1999-2004) with hand X-rays
Did not participate at T3 (n=1071)
> o Lost to follow-up (n=616)
L 2 e Deceased (n=455)
N=908 JoCoOA Project T3 clinic participants
- (follow up, 2013-2015)
Missing complete x-ray information (n=109)
> o 83 missing x-rays
y e 25 missing specific joint scores
N=800 Available KL grades for all 30 hand joints

at baseline and follow up
*Based on priority, hand x-rays for JoCo OA participants without follow-up have not yet been read.

Figure 1.
Flow chart of participant inclusion in the current analysis
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