
Radiographic Severity of Rheumatoid Arthritis in African-
Americans: Results from the CLEAR Registry

S. Louis Bridges Jr., MD, PhD1, Zenoria L. Causey, MPH1, Paula I. Burgos, MD1, B. Quynh
N. Huynh, MD1, Laura B. Hughes, MD, MSPH1, Maria I. Danila, MD, MSc1, Amalia van
Everdingen, MD, PhD2, Stephanie Ledbetter, MS1, Doyt L. Conn, MD3, Ashutosh Tamhane,
MD, MSPH1, Andrew O. Westfall, MS1, Beth L. Jonas, MD4, Leigh F. Callahan, PhD4, Edwin
A. Smith, MD5, Richard Brasington, MD6, Larry W. Moreland, MD1,7, Graciela S. Alarcón,
MD, MPH1, and Désirée M. van der Heijde, MD, PhD2

1The University of Alabama at Birmingham, Birmingham, Alabama 2Medical Center Haaglanden,
The Hague, The Netherlands 3Emory University, Atlanta, Georgia 4The University of North
Carolina, Chapel Hill, North Carolina 5The Medical University of South Carolina, Charleston,
South Carolina 6Washington University at St. Louis, Missouri

Abstract
Objective—To describe radiographic changes in African-Americans with rheumatoid arthritis
(RA) from the CLEAR (Consortium for the Longitudinal Evaluation of African-Americans with
Early Rheumatoid Arthritis) Registry, a multicenter observational study.

Methods—Self-declared African-American patients, were enrolled in CLEAR I, a longitudinal
cohort of early RA (disease duration <2 years) from 2000 to 2005; or in CLEAR II, a cross-
sectional cohort (any disease duration), from 2006 to the present. Demographic and clinical data
were obtained, and sets of hand/wrist and foot radiographs were scored using the modified Sharp/
van der Heijde scoring system.

Results—A total of 357 and 418 patients, respectively, have been enrolled into CLEAR I and
CLEAR II. We report here an interim analysis of radiographic severity in these patients. For the
CLEAR I cohort, 294 patients had a mean radiographic score of 2.89 at the baseline visit; 32.0%
showed either erosions (25.9%) or joint space narrowing (JSN) (19.4%). At the 36-month visit the
mean score was 5.65; 44.2% had erosions, 41.5% JSN and 55.4% had either. Among those
patients without radiographic damage at baseline, 18.9% had progressed at the 36-month visit,
compared to 57.1% of those with baseline damage (p<0.0001). For the CLEAR II cohort, 167
patients with RA of any duration, 65.3% exhibited joint erosions, 65.3% JSN and 74.8% exhibited
either. The mean radiographic score was 33.42.

Conclusion—This is the largest radiographic study of African American RA patients. Damage
occurs early in the disease and is associated with radiographic progression at 3 years of disease
duration. The CLEAR Registry will provide a valuable resource for future analyses of genetic,
clinical, and environmental factors associated with radiographic severity of RA in African-
Americans.
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INTRODUCTION
Rheumatoid arthritis (RA) is a chronic inflammatory disease that affects 1.3 million
Americans (1). It is characterized by inflammation of the synovial membrane and has a
variable course ranging from self-limited to progressive destructive disease with a higher
mortality rate than the general population (2). Patients with RA who develop erosions early
in the course of their disease are more likely to rapidly progress to joint destruction and
functional limitations (3;4). Radiographs of the hands and feet are typically scored for the
presence of erosions and joint space narrowing (JSN) and when examined over time allow
the assessment of disease progression (5).

RA progression has been extensively examined in many ethnic groups with the exception of
the African American population. This population, often under represented in both
observational studies and randomized clinical trials, needs to be evaluated in order to
understand the disease course and the potential presence of ethnic-specific risk factors (6–8).
To date, there have been few descriptions of the clinical features of RA in this racial/ethnic
group. For example, data from a cross-sectional study of a convenience sample of 100
patients with established RA followed at a single institution suggested that the course of
disease in African Americans was comparable to that of patients of European ancestry
(Caucasian) (9).

Radiological features of RA have been examined in African descendants in several studies
(10–15). In a British study, participants of black African descent displayed less severe
radiographic damage than Caucasian patients. These investigators suggested that
longitudinal studies in larger populations were needed to confirm or refute their findings
(16). Thus, establishing a large registry of RA patients of African American ancestry is
clearly required. To this end we have established the CLEAR registry. We have previously
reported some of the genetic and clinical features of the longitudinal arm of the CLEAR
registry (17;18); we now report the radiographic features of participants enrolled in both
longitudinal and cross-sectional arms of the registry.

PATIENTS AND METHODS
Study population

The CLEAR Registry is a National Institute of Arthritis and Musculoskeletal and Skin
Diseases-funded program which enrolls self-defined African Americans with RA as defined
by the revised American Rheumatism Association (now the American College of
Rheumatology [ACR]) criteria (19). This registry was approved by the Institutional Review
Boards of the participating institutions: The University of Alabama at Birmingham
(Birmingham, AL), Emory University (Atlanta, GA); The Medical University of South
Carolina (Charleston, SC), The University of North Carolina at Chapel Hill (Chapel Hill,
NC), and Washington University (St. Louis, MO). The University of Alabama at
Birmingham is the Coordinating Center for the CLEAR Registry. These studies were
conducted in accordance with the Declaration of Helsinki for the protection of human
subjects in research and were carefully monitored by regulatory agencies.

CLEAR I. This longitudinal registry enrolled African Americans with early RA (disease
duration less than 2 years) from 2000 until 2005. Patients with RA were identified through
the practices of clinicians at each site. Comprehensive demographic, clinical and
radiographic data were obtained from these patients at the baseline visit and at 36 and 60
months from disease onset, so the interval from the baseline visit to the subsequent visits
vary some depending on disease duration at enrollment. Also current and previous drug
treatments with disease-modifying anti-rheumatic drugs (DMARDs) and glucocorticoids
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were annotated. For information on data and materials available for research on these
subjects, please refer to: http://www.dom.uab.edu/rheum/CLEAR%20home.htm

CLEAR II. This cross-sectional registry began enrolling African Americans with RA
(without limits of disease duration) in 2006 and is still enrolling patients. Comprehensive
demographic, clinical and radiographic data are collected from these patients at enrollment,
with no follow-up visits. Current and previous drug treatments with DMARDs and
glucocorticoids were noted as in CLEAR I.

Variables ascertained
The ACR core of set of variables (20) including the number of swollen joints, the number of
painful joints and a pain scale were recorded at each visit. Functional status was assessed
with the Health Assessment Questionnaire (HAQ); the HAQ is scored on a scale of 0–3,
with higher scores indicating higher levels of disability (21). The intensity of their pain was
assessed by scale between 0 and 10 (0: no pain; and 10: the worst possible pain). The Joint
Alignment and Motion (JAM) scale is scored on a 5-point scale and it is based on an
estimate of the percent of joint range of motion and alignment lost (22); thirty-two joints
were assessed: bilateral wrists, thumb interphalangeal (IP) joints, proximal interphalangeal
(PIP) joints 2–5, metacarpophalangeal (MCP) joints 1–5, great toe IP joint and
metatarsophalangeal (MTP) joints 2–5. Rheumatoid factor (RF) and anti-cyclic citrullinated
peptide (anti-CCP) autoantibodies were examined as previously reported (23).

Radiographic Scores
CLEAR I and CLEAR II patients underwent radiographic evaluations of their hands/wrists
(postero-anterior views) and feet (antero-posterior views). Radiographic films for the
CLEAR I patients were obtained at baseline (< 2 years’ disease duration) and at 36 and 60
months from disease onset, while they were obtained only at the intake visit in the CLEAR
II patients. Study radiographs were submitted to the Coordinating Center where all
identifying information was removed and the radiographs forwarded to be scored for
erosions and joint space narrowing (JSN) by an experienced reader (AVE) blinded to all
clinical and demographic data; Sharp’s method as modified by van der Heijde was used to
score the radiographs (24;25). This method assigns an erosion score (range 0–280) and JSN
score (range 0–168) to each set of radiographs. The total score (range 0–448) is the sum of
the erosion and JSN scores. The presence of erosions and JSN for each patient was defined
by scores greater than zero (26).

Radiographs were categorized as not having damage (total score = 0) or having damage
(total score > 0). Overall progression of radiographic damage in CLEAR I was defined by an
increase in the Total Score of 0.083 units per month between the baseline visit and the 36-
month visit or approximately 1 unit per year of follow up or 3 units in 36 months (27;28).

Statistical Analyses
Descriptive statistics were performed with frequencies (percentages), means (standard
deviations), and medians (inter-quartile range) being reported. A comparison between the
baseline characteristics of CLEAR I and CLEAR II patients was performed; categorical
measures were compared using the Pearson Chi-square test whereas continuous measures
were compared by independent t-tests and the non-parametric Wilcoxon Rank-sum test
where appropriate. A two-tailed p value < 0.05 was chosen as statistically significant. To
determine whether the progression of radiographic damage at 36-month visit was significant
in CLEAR I patients, the Chi-square test for correlated proportions was used. A two-tailed p
value of <0.05 was selected as indicative of statistical significance. The risk rate was
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calculated as the incidence of progression in those with a total score more than zero divided
by incidence of progression in those with a total score equal to zero.

RESULTS
At the time of this interim analysis, a total of 357 and 418 patients had been enrolled in
CLEAR I and II, respectively; baseline radiographic were available in 294 for CLEAR I and
167 for CLEAR II and are included in these analyses. The baseline socio-demographic
variables for the total cohort are depicted in Table 1 and 2.

Baseline socio-demographic and clinical features
The baseline socio-demographic variables for those patients with radiographic data are
shown in Table 1. The majority of patients were women (82.7% and 84.4%), with a mean
[standard deviation (SD)] age at entry into the registry of 50.6 (13.5) and 56.2 (10.8) (p
=0.0016) years, and mean (SD) age at RA onset of 49.6 (13.5) and 42.8 (12.4) years
(CLEAR I and CLEAR II, respectively). The distribution of education level (3.8% and 6.3%
for graduate and post-graduate) and poverty level (30.9% and 30.6%) were comparable in
both groups. Family history of RA (29.9% and 43.1%) was higher in the CLEAR II
(p=0.0043) than in the CLEAR I patients. Smoking, both current and ever, was comparable
in both groups; current alcohol use was higher in CLEAR II (p = 0.0791). As expected,
disease duration was significantly different for CLEAR I and CLEAR II patients [median
(25%–75% Interquantiles (IQ): 12.1 months (6.8–19.1) and 126.0 months (61.0–223.0)
(Wilcoxon Rank-sum, p≤0.0001), respectively].

The baseline clinical variables are depicted for patients with radiographic scores in Table 2.
The median (25%–75%) for the HAQ for CLEAR I and II patients were 1.8 (0.9–2.4) and
2.0 (1.3–2.5) with a p value 0.0509. The median (25%–75%) number of tender joints was
higher in CLEAR I [7.0 (2.0–18.0)] than CLEAR II [5.0 (2.0–12.0)] with a p= 0.0786, while
the number of swollen joints was similar in CLEAR I [4.0 (1.0–8.0)] and CLEAR II [5.0
(0.0–13)]. The median (25%–75% IQ) scores for the JAM scale were 4.0 (0.0–14.0) in
CLEAR I and 2.0 (0.0–13.0) in CLEAR II. The Pain scale was a median of 7.0 in both
CLEAR I and II.

Rheumatoid factor-positivity (RF) was about 80% in both groups whereas anti-CCP
antibody-positivity was significantly higher in CLEAR II (80.0%) than CLEAR I (61.3%)
patients (p <0.0001). Approximately 84% of the patients were taking at least one DMARD;
approximately 65% were taking methotrexate, while approximately 80% of patients had
taken glucocorticoids.

Radiographic Assessment
The radiographic findings for patients in CLEAR I and II are depicted in Table 3. As noted,
the CLEAR I analysis included 294 sets of baseline films; 147 sets of films at approximately
36 months of disease duration; and 39 sets of films at approximately 60 months of disease
duration. At the baseline visit the mean (SD) and median (25%–75% IQ) erosion scores
were 1.24 (3.68) and 0.0 (0–1) with 25.9% of the patients showing erosions; at the baseline
visit the mean (SD) and median (25%–75% IQ) JSN scores were 1.65 (4.73) and 0.0 (0–0)
with 19.4% displaying JSN; at this visit the mean (SD) and median (25%–75% IQ) total
scores were 2.89 (7.65) and 0.0 (0–2) with 32.0% of the patients showing either erosions or
JSN. At 36 months the mean (SD) and median (25%–75% IQ) erosion scores were 2.22
(5.72) and 0.0 (0–2) with 44.2% of the patients showing erosions, whereas the mean (SD)
and median (25%–75% IQ) JNS scores were 3.44 (6.64) and 0.00 (0–4) with 41.5% of the
patients displaying JSN; the mean (SD) and median (25%–75% IQ) total scores were 5.65
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(11.14) and 0.0 (0–6) with 54.4% of the patients showing either erosions or JSN. At
approximately 60 months of disease duration for 39 patients in CLEAR I the mean (SD) and
median (25%–75% IQ) erosion scores were 4.74 (12.78) and 0.0 (0–4) with 38.5% of the
patients showing erosions, whereas the mean (SD) and median (25%–75% IQ) JSN scores
were 7.87 (13.12) and 0.0 (0–12) with 46.2% of the patients showing JSN; the mean (SD)
and median (25%–75% IQ) total scores were 12.62 (24.95) and 0.0 (0–16) with 53.8% of the
patients showing either erosions or JSN.

The radiographic findings for 167 CLEAR II patients are also shown in Table 3. The mean
(SD) and median (25%–75% IQ) erosion scores were 14.68 (23.84) and 4.0 (0–18) with
65.3% of the patients showing erosions; the mean (SD) and median (25%–75% IQ) JSN
scores were 18.74 (26.48) and 7.0 (0–24) with 65.3% of the patients showing JSN; finally,
the mean (SD) and median (25%–75% IQ) total scores were 33.42 (48.89) and 11.0 (0–41)
with 74.8% of the patients showing either erosions or JSN.

Of the 147 CLEAR I patients with radiographs at 36 months, three could not be included in
the assessment of progression because they lacked baseline films. Overall, 31.9% of the
patients had progressed; of those patients without damage at baseline, 18.9 % had
progressed; of those with damage at baseline 57.1% had progressed. The difference between
these two groups was significant with a Wilcoxon Rank-sum p value <0.0001. These data
are depicted in Table 4. The scores differences [median (25%–75% IQ)] between the
baseline and 36 months were 0.0 (0.0–2.0) and 3.0 (0.0–7.0) for those without damage at
baseline and those with damage, respectively, (Wilcoxon rank-sum p<0.0001). The risk ratio
for baseline damage versus no baseline damage was 3.02 (95% CI: 1.86 –4.88).

DISCUSSION
This is the largest radiographic study of RA patients of African American ancestry
conducted to date; we have had the unique ability to study structural joint damage
longitudinally in patients with early RA, as well as cross-sectionally in those with
longstanding disease. Not surprisingly, damage occurs early in the course of the disease, and
it is the harbinger of further damage in these patients with a risk ratio of about 3. Thus, RA
in the African American population behaves similarly to other ethnic groups (3;29).

In this study, we have examined two important variables: when joints show erosions or JSN
for the first time; and whether or not joint damage increases over the time (30). The majority
of patients from CLEAR I, the longitudinal cohort, did not exhibit radiographic damage at
baseline (68%) as has been shown in other studies (29;31–33); patients who manifest
damage have more frequent erosions than JSN. These findings are consistent with
observations described by other investigators suggesting that bone degradation occurs earlier
than cartilage degradation or can be seen earlier on radiographs (26;30;34).

Other studies have reported different rates of erosive disease. For example, in one study of
patients with early RA (< 2 years disease duration), erosive disease was found in 21.7% of
subjects; one-year radiographic progression (defined as an increase in Larsen score of ≥ 2)
occurred in 36.6% of these patients (29). Patients of black African descent who did not
declare themselves as African-American were not included in this study. In another study
involving 55 patients with less than 3 months of symptoms, erosive disease was present at
baseline in 7.2%, after one year in 47%, and at 3 years in 63.6% (35). It should be noted that
the scoring method used was different from that used in our analysis, and most of the
patients were of European ancestry. Thus, although the prevalence of erosive disease at
baseline in our study was comparable to that reported in studies of patients of different
ethnicities (29;31;32;35), the rate of erosions and JSN reported in other studies is widely
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variable, between 21% and 67% (29;36–38). This variability probably reflects differences in
inclusion criteria (e.g. presence of rheumatoid factor); radiographic scoring method; disease
duration; medication use; geographic region; and other potential confounders (12–14).
Sample size is likely a major determinant of the large variation in radiographic damage
among African-Americans with RA; many of the radiographic studies had 100 patients or
fewer, (9;14–16) limiting conclusions to be drawn from these studies.

Even though relatively few CLEAR subjects have had their 60 month follow up visit to date,
our long-term data are consistent with those from other studies, in that radiographic
progression occurs early in the course of disease (33;35;39–41). Lindqvist et al. described
that among 181 patients with early RA, the most rapid radiological progression occurred
during the first two years of disease; 75% of all damage occurred during the first five years;
and after 10 years 90% of the patients had erosions (Larsen and Dale scoring method) (36).
We will re-examine five year radiographic data when the majority of the CLEAR patients
reach this time point.

Of interest, a considerable proportion of CLEAR patients developed damage or progressed
despite the use of drug therapy that appears to be appropriate for RA, predominantly
methotrexate. Problems with treatment adherence could explain these observations (42).
This study reinforces the notion that aggressive treatment is needed for patients with RA
from disease onset and the African American patient population is not an exception.

Some limitations of this study are worth noting. Firstly, not all patients have had their 36
and 60-month visits, which limits the conclusions that can be drawn about progression
during the first 5 years of RA in this population, and 63 patients’ baseline radiographic data
were not available due to operational issues. Secondly, by design, longitudinal data are not
available in CLEAR II participants, so we cannot compare their rates of radiographic
progression to those with early RA in CLEAR I. Thirdly, this is an interim analysis of the
initial 167 patients (of a total of ~600 to be enrolled) in CLEAR II; however, we do not
think the data for those patients will be substantially different since most recruited patients
tend to have established disease (mean ~12 years disease duration). Fourthly, we have not
considered other factors (genetic, autoantibody presence, disease duration, use of specific
medications, etc.) that can account for the rate of radiographic progression in African
American patients with early RA; we plan to conduct such studies in near future.

In summary, we present detailed, cross sectional and longitudinal, radiographic data in the
largest cohort of African American RA patients reported to date. We have shown that
African Americans with early and established RA have rates of joint damage comparable
with those of patients from other ethnic groups, and that early damage heralds disease
progression, suggesting that African-American patients with early disease (as is the case
with other races/ethnicities) should be treated aggressively to attempt to halt radiographic
progression.
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Table 3

Radiographic* Findings for Patients in the CLEAR I (Baseline, 36 month and 60 months) and CLEAR II
(Baseline).

Number of patients Sharp van der Heijde Score

(%) Mean (SD) Median (IQ 25–75))

CLEAR I †

Baseline (n=294)

  Joint Erosions 76 (25.9) 1.24 (3.68) 0.0 (0–1)

  Joint Space Narrowing 57 (19.4) 1.65 (4.73) 0.0 (0–0)

  Total Score 94 (32.0) 2.89 (7.65) 0.0 (0–2)

36 months (n=147)

  Joint Erosions 65 (44.2) 2.22 (5.72) 0.0 (0–2)

  Joint Space Narrowing 61 (41.5) 3.44 (6.64) 0.0 (0–4)

  Total Score 80 (54.4) 5.65 (11.14) 0.0 (0–6)

60 months (n=39)

  Joint Erosions 15 (38.5) 4.74 (12.78) 0.0 (0–4)

  Joint Space Narrowing 18 (46.2) 7.87 (13.12) 0.0 (0–12)

  Total Score 21 (53.8) 12.62 (24.95) 0.0 (0–16)

CLEAR II (n=167)‡

  Joint Erosions 109 (65.3) 14.68 (23.84) 4.0 (0–18)

  Joint Space Narrowing 109 (65.3) 18.74 (26.48) 7.0 (0–24)

  Total Score 125 (74.8) 33.42 (48.89) 11.0 (0–41)

*
Sharp van der Heijde;

†
Follow up totals differs from baseline due to loss to follow up and patients who had not yet reached their time planned visits,

‡
Study enrolment ongoing.
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Table 4

Radiographic Progression* at 36 Months (n=144†) in Patients from the CLEAR I Registry.

Progression*

Baseline Damage Yes (%) No (%)

Yes (total score >0) 28 (57.1)‡ 21 (42.9)

No (total score = 0) 18 (18.9)‡ 77 (81.1)

*
Defined as an increase of 0.083 per month of Total Sharp van der Heijde Score from the baseline visit;

†
Three patients were excluded as they lacked baseline radiographs;

‡
p-value <0.0001 (Chi square = 21.7)
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Appendix 1

Medications Used by Any Patient in CLEAR I or CLEAR II

CLEAR I CLEAR II

Hydroxychloroquine Hydroxychloroquine

Leflunomide Leflunomide

Methotrexate Methotrexate

Azathioprine Azathioprine

Cyclophosphamide Cyclophosphamide

Cyclosporin Cyclosporin

Gold salts either Shot or tablets Gold salts either Shot or tablets

Penicillamine Penicillamine

Sulfasalazine Sulfasalazine

Infliximab Minocycline

Etanercept Infliximab

Anakinra Etanercept

Anakinra

Adalimumab

Rituximab

Arthritis Care Res (Hoboken). Author manuscript; available in PMC 2011 May 1.


