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A measure of limited joint motion and deformity
correlates with HLA-DRB1 and DQB1 alleles in
patients with rheumatoid arthritis

Ann Cranney, Rose Goldstein, Ba’ Pham, Marianna M Newkirk, Jacob Karsh

Abstract
Objective—To assess factors associated
with a poor outcome in rheumatoid
arthritis (RA), a measure was developed
of limited joint motion and deformity, a
deformity index (DI), and correlated bio-
chemical and genetic variables with the
magnitude of the DI.
Methods—Forty patients were evaluated
in a cross sectional study. Clinical meas-
ures included the DI and Health Assess-
ment Questionnaire, and disease variables
included the erythrocyte sedimentation
rate, C reactive protein, rheumatoid fac-
tor, and HLA-DRB1 and DQB1 alleles.
Results—Significant correlations were
noted between increasing DI and duration
of RA and concentration of C reactive
protein. Patients with a DQB1*301 allele
or DR4 allele had a higher DI than those
without, and a positive trend was noted
between increasing DI and dose of DRB1
RA susceptibility alleles. The trend was
lost when a non-linear regression tech-
nique was used to remove the eVect
attributable to C reactive protein, suggest-
ing an interrelation between persistent
inflammation and genetics in determining
total joint damage.
Conclusions—The DI may be useful to
study interactions between genetic and
inflammatory processes in rheumatoid
disease progression.
(Ann Rheum Dis 1999;58:703–708)

Rheumatoid arthritis (RA) results often in irre-
versible damage of aVected joints but disease
outcome is not uniform. About 15–20% of
patients have little deterioration after years of
follow up.1–3 Unfortunately, most patients
demonstrate substantial disease progression
within a few years of onset whether assessed
radiographically4–9 or by functional status.3 10 11

Predicting outcome in patients with RA is
diYcult. To date, rheumatoid factor (RF) posi-
tivity and increases in the erythrocyte sedimen-
tation rate (ESR) and C reactive protein (CRP)
have been found to be the most consistent pre-
dictors of early radiographic and functional
deterioration in several longitudinal studies of

patients presenting with recent synovitis.12–20

Although ESR and CRP presumably reflect the
same inflammatory process, they seem to exert
additive eVects on developing joint erosions.
Possession of the “shared epitope” within the
third hypervariable region of the HLA-DRB1
chain (amino acids 70–74: QKRAA/ QRRAA/
RRRAA) either on an HLA-DR4 (DRB1*04)
or non-DR4 allele has been associated with
susceptibility to developing RA14 21–29 and an
additional eVect of increasing gene dose and
severity has been noted in most studies.23 25 26

The combination of an HLA-DRB1 suscepti-
bility allele and seropositivity has been found
particularly predictive of development of joint
erosions early in two studies.14 27

The measure that best describes outcome in
RA is unsettled and has confounded the issue
of identifying measures that may be associated
with severity. In some publications, severity has
been defined by the presence of extra-articular
manifestations such as Felty’s syndrome or
vasculitis.28 Others report radiographic scales
assessing articular narrowing and erosions, but
limitations of radiographic scales in measuring
total joint damage beyond 5–8 years of disease
have been noted.8 30 Pincus noted the inability
of joint counts and other measures of clinical
activity to predict irreversible damage,31 and
has advocated the functional dimension of the
Health Assessment Questionaire (HAQ) as the
best measure of severity.32 The HAQ is an
excellent predictor of work disability and mor-
tality in RA, however in many patients,
dysfunction measured by the HAQ is discrep-
ant from damage measured by radiographs.33

Furthermore, the HAQ is not associated with
HLA-DR4 genes,32 which are commonly asso-
ciated with disease severity.

Scales of limited joint motion and deformity
have been found to be the strongest correlate of
radiographic scores in chronic RA31 and have
been advocated as measures of total joint
damage.31 34 Available scales include the Joint
Alignment and Motion Scale (JAM),35 the
Escola Paulista de Medicina-Range of Motion
(EPM-ROM) scale,36 and the scale of the
American College of Rheumatology (ACR).37

We adapted the JAM and EPM-ROM to
provide a measure of total joint damage,
a deformity index (DI), and report our
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observations on relations between the magni-
tude of deformity in RA patients with long-
standing disease and several biochemical,
functional, and genetic measures.

Methods
Patients entering this cross sectional study were
required to meet the 1987 ACR classification
criteria for RA, having > 8 years of disease, and
having received > 1 DMARD. The ESR was
measured by the Westergren method and the
RF and CRP were measured by nephelometric
methods performed routinely in our hospital
clinical laboratory. A value of <35 KIU/l is
reported for all sera considered to be seronega-
tive, and RF concentrations in seropositive sera
are reported as a continuous number starting
from 35 KIU/l. CRP is measured as a continu-
ous number from 0 and values >8 mg/l are
considered increased. The ESR, RF, and CRP
were measured only at study entry and that
value used for all statistical evaluations.

For HLA class II typing, genomic DNA was
extracted from peripheral blood by the DTAB/
CTAB method of Gustincich et al.38 The HLA-
DRB1 alleles were amplified by a polymerase
chain reaction (PCR) with a primer specific for
polymorphisms of the first hypervariable re-
gion (HVR1). PCR products were hybridised
to membrane bound sequence specific oligo-
nucleotide probes (high resolution). After
hybridisation, biotinylated hybrid molecules
were identified by a colorimetric reaction using
streptavidin-alkaline phosphatase conjugate
(Cantype strips). Positive reactions were re-
corded and hybridisation patterns were trans-
lated into HLA-DRB1 genotypes using CAN-
TYPE HLA DNA Analysis Software. HLA-
DQB1 typing was performed using the Dynal
DQB1-SSP set, which contains 5’ and 3’ prim-
ers for DQB1*0501–0504, 0601–0612, 0201–
0203, 0301–0306, and 0401–0402 alleles.

Patients were classified into those without an
HLA-DRB1 RA susceptibility epitope, those
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Figure 1 The Deformity Index.
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with an epitope on an HLA-DR4 allele
(DRB1*0401, *0404, *0405, *0408, *0409,
*0410, *0413, *0416, *0419, *0421) and those
with an RA susceptibility epitope on a
non-DR4 allele (DRB*0101, *0102, *1001,
*1402, *1406). The role of RA susceptibility
gene dose was examined by classifying patients
into 0, 1, and 2 epitope groups regardless of
position on a DR4 or non-DR4 allele. The role
of HLA-DQB1 alleles was examined by classi-
fying patients into those without and with an
HLA-DQB1 allele (DQB*0301, *0302, and
*0501) linked to RA susceptibility HLA-DRB1
epitopes.

The DI (fig 1) assesses the joint areas in the
JAM, but uses the 4 point scale of the
EPM-ROM. Joints are scored based on the
appearance of deformity and the range of
assisted motion. Joint replacement or fusion
surgery renders a score of 3. Hips are included
only if replaced for the destructive eVects of
RA.

Statistical assessments were performed by
the Wilcoxon rank sum test and Spearman
rank correlation. Levels of deformity across
susceptibility epitope gene dose were com-
pared using analysis of variance (ANOVA). We
explored further the possible three way associa-
tions between deformity, ESR or CRP, and
gene dose by spline regression.39 Spline regres-
sion is essentially a non-parametric method of
trend analysis, and in our study of relations
between multiple covariates and RA severity, it
is used to assess the eVects of a continuous
confounder, CRP or ESR, on the apparent
trend between gene dose and deformity.
Particularly given our small sample size and
probable non-logistic trends between variables,
spline regression was optimal to explore these
specific three way associations.40 41

Analyses were performed in both Splus and
SPSS statistical software packages. Correction
of our p values for multiple comparisons was
not performed because we conducted our
study as an exploratory one and performed
multiple statistical assessments. All statistically
significant associations with the DI that we
noted will need to be confirmed in larger stud-
ies and the data from this exploratory study
allow the calculation of sample sizes to confirm
the validity of the above observations.

Results
The patients, 13 men and 27 women, had a
mean (SD) age of 58 (13) years (range 37–82)
and mean (SD) duration of RA of 18 (9) years
(range 8–40). The use of disease modifying
anti-inflammatory dugs (DMARDs), past and
present, ranged from 1–6. Twenty six patients
(65%) had started DMARD treatment within
two years of disease onset. Fourteen patients
(11 women and 3 men) were receiving
prednisone at evaluation.

The mean (SD) DI was 12.5 (10.9) (range
0–44). There were no significant correlations
between the DI and patient age, number of
DMARDs used for treatment, or early (< 2
years) versus later (> 3 years ) initiation of
DMARD treatment. The DI did not diVer
between prednisone treated and untreated
patients, did not correlate with the ESR or RF
concentration, and did not diVer between the
12 seronegative versus 26 seropositive patients.

As anticipated, there was a significant corre-
lation between magnitude of DI and duration
of RA (r=0.39, p=0.013) over the 8 to 40 year
range of disease duration. The DI correlated
also with the magnitude of the CRP (r=0.43,
p=0.007). The 24 patients with a normal CRP
had a significantly lower DI (9.4 (7.6)) than 14
patients with increased CRP (19.4 (13.1))
(p=0.03).

Increasing DI was associated with increasing
scores in the functional (r=0.40, p<0.013) and
pain (r=0.59, p<0.001) dimensions of the
HAQ. The HAQ correlated also with ESR
(r=0.50, p=0.001) and CRP (r=0.56,
p<0.001), but not RF. The HAQ did not differ
between DR4 positive and negative patients
(1.29 (0.76) v 0.93 (0.70), p=0.15).

There was a significant diVerence in DI
between patients with an HLA-DR4 allele
(n=31, DI=14.5 (11.4)) and those without
(n=9, DI=5.4 (4.5), p=0.01) (table 1). The
most common DR4 susceptibility allele was
DRB*0401 and those carrying an allele (n=22)
had a significantly higher DI (16.1 (12.3)) than
those without (n=18, 8.3 (7.1), p=0.03).

Six RA patients (15%) were without a
susceptibility epitope, and three (8%) had a
susceptibility epitope on a non-DR4 allele (two
patients with DRB*0101 and one with
DRB*1001).

The eVect of gene dose on the DI was exam-
ined by categorising patients into those with 0,
1, and 2 susceptibility epitopes regardless of
position on a DR4 or non-DR4 allele. There
was a positive trend between increasing gene
dose and a higher level of deformity (ANOVA,
p=0.055, table 1). The failure to reach statisti-
cal significance was attributed to the small
sample size. The eVect of gene dose on the DI
was examined further using spline regression
(fig 2). We displayed boxplots of the DI across
gene dose, adjusted the eVect of ESR or CRP
on the DI, and displayed boxplots of the DI
after the adjustment (that is, partial residuals
after ESR or CRP) across gene dose. The posi-
tive trend for increasing gene dose and increas-
ing DI was not aVected by removing the influ-
ence of the ESR, noting that ESR and
deformity did not correlate, but was changed

Table 1 Frequency of selected HLA class II alleles, RA susceptibility epitopes and
associations with Deformity Index (DI), CRP, ESR and RF in 40 RA patients

HLA class II
allele n (%)

DI
(mean (SD))

CRP*
(mg/l)

ESR*
(mm 1st h)

RF*
(KIU/l)

DR4 + 31 (78) 14.7 (11.4)† 15.7 (22.7) 22 (26) 227 (483)
− 9 (22) 5.4 (4.5) 4.2 (2.5) 15 (10) 187 (200)

DQB1*301 + 21 (53) 17 (12.6)‡ 19.1 (27) 27.5 (30.1) 311 (576)
− 19 (48) 7.7 (5.7) 6.8 (5.6) 13.5 (10.8) 116 (152)

DQB1*302 + 22 (55) 13.7 (11.5) 13.7 (18.7) 26.6 (11.4) 230 (453)
− 18 (45) 11.7 (10.5) 12.8 (22.8) 15.5 (32.2) 209 (434)

DQB1*501 + 11 (28) 11.9 (11) 8.8 (10) 17.3 (9.5) 130 (134)
− 29 (73) 12.8 (11) 15.1 (23.6) 21.6 (26.8) 255 (510)

Number of RA HLA-DRB1 susceptibility alleles
0 6 (15) 6 (5.5) 5.5 (2) 12 (9.8) 263 (220)
1 18 (45) 10.7 (8.8) 12 (23.7) 20.1 (17.9) 258 (601)
2 16 (40) 17.3 (12.8) 17.4 (20.1) 24.4 (31.7) 157 (213)

*38 patients had CRP, ESR and RF measured. †p=0.01 versus non-DR4 RA patients. ‡p=0.03
versus non-DQB1*301 RA patients. Data shown as number (%) and mean (SD).

Measure of joint motion and deformity in RA 705
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when the contribution of the CRP was
removed, suggesting an interrelation between
gene dose and CRP in determining the magni-
tude of the DI.

The DI did not diVer between patients with
and without a DQB*0302 or *0501 allele.
However, 21 patients with a DQB*0301 allele
had a significantly higher DI (17.1 (12.6)) than
those without (n=19, DI=7.7 (5.7), p=0.03).
RF positivity was equivalent between
DQB*0301 positive and negative patients, 16
of 20 versus 14 of 16, as were concentrations of
RF (nephelometry). The CRP was higher in
DQB*0301 positive patients (n=20, 19.1 (27))
versus negative patients (n=18, 6.8 (5.6)), but
the diVerence was not statistically significant,
p=0.43 (table 1).

The HLA-DQB*0301 allele is linked to the
RA HLA-DRB1 susceptibility alleles. In our
study 15 of the 22 patients who were
HLA-DRB *0401 positive were HLA-
DQB*0301 positive. As the increase in DI in
association with the DQB and DRB alleles is
similar, it is not possible to determine which of
the associations is strongest or paramount.

Discussion
Our objectives were to establish a measure of
total irreversible joint damage in RA and to
assess the contributions of biochemical and
genetic variables to the derivation of that
outcome. In this cross sectional study, we
approached the assessment of outcome in a
retrospective manner by evaluating patients
with longstanding disease treated at a single

centre, reasoning that these patients, relatively
homogeneous for therapeutic approaches
would demonstrate the range of outcomes that
they were destined to experience by virtue of
their risk factors.

The rationale for developing an alternate
measure of outcome is provided by the limita-
tions of the currently used functional and
radiographic scales. While each are excellent,
they measure somewhat diVerent aspects of
outcome. Functional scales do not always
measure joint damage.31 33 Radiography pro-
vides a direct measure of damage but assess-
ment of the magnitude of joint damage by
radiography has restrictions. The Steinbrocker
scale42 is only semi-quantitative. The quantita-
tive methods of Larsen9 43 and Sharp44 even
when modified to include the feet45 46 in
addition to the joints of the hands and wrists,
do not measure all joints. In addition, scores of
joint damage seem to follow a non-linear time
course. An apparent plateau is reached at about
5–8 years of disease.8 30 This plateau reflects the
inherent diYculty in scoring some joints as well
as the finite nature of joint score scales.
Damage that has occurred beyond the maxi-
mum score is unmeasured. While radiographic
methods are excellent at measuring change
during the initial years of disease, the plateau
limits measuring total damage in patients with
longstanding disease.

Scales of limited joint motion also measure
RA severity and correlate with the HAQ and
radiographic scores.31 34 We adapted two previ-
ously reported scales of altered joint motion

Figure 2 Relation between gene dose and the DI. The box plots demonstrate the median value (light bar within shaded
area) and variance (1st to 3rd quartiles in shaded area, 98% of values between enclosed bars, outliers indicated by single
bars) of the DI (y axis) at the three gene doses (1, 2, and 3 along x axis) of DRB1 susceptibility alleles. Panels A and C
are identical and display the distribution of deformities for patients who had measurements of ESR (panel A) or CRP
(panel C). There was a trend between increasing gene dose and increased DI (p=0.055). We then used spline regression to
adjust the eVect of ESR or CRP on the DI, the partial residuals from the spline regression treated as adjusted deformity
measures. Panels B and D display the partial residuals of deformity after adjusting for ESR or CRP respectively by gene
dose. Adjusting for ESR (panel B) did not change the positive trend of increasing DI with increasing gene dose. Adjusting
for CRP eliminated the trend (panel D), suggesting an interaction between the number of susceptibility alleles and CRP
toward estimating deformity.
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and deformity to create the DI. The DI has not
been compared directly with its predecessors,
makes no claims of superiority, and has not
been formally validated for content and
performance as a measuring instrument. How-
ever, its utility and reliability are supported by
the statistically significant correlations with the
functional and pain components of the HAQ,
the duration of RA, the concentration of CRP,
and HLA-DR and DQ alleles.

The strengths of our statistical associations
are modest to moderate, and in a study of our
relatively small sample size we are unable to
establish a hierarchy of risk factors in deter-
mining damage. For example, RA is a progres-
sive disease, and the association between
disease duration and severity that we and oth-
ers have noted may be the predominant deter-
minant of deformity. Because our study was an
exploratory evaluation, we did not take the
severe step of correcting our p values for the
multiple comparisons performed to eliminate
the weaker associations. Still, correlations in
the range of magnitudes of 0.4 to 0.5 as we
have noted for duration of disease and CRP
concentration means that each of these
variables accounts only for less than 20%
of the total variation in DI and suggests
that multiple factors probably account for
the total damage that has occurred over
many years of disease. However, how these
variables might interact to aVect outcome is
unknown.

Our CRP data agree with the results of other
studies that found persistent CRP increases
associated with progression of RA.15 18 In
contrast with some13 but agreeing with other17

studies, we found no association between the
ESR or seropositivity and severity of outcome.
We measured ESR, CRP, and RF at a single
point in time at a minimum of eight years from
disease onset. Our data set does not contain
serial measures of these parameters. Most
probably, a more precise evaluation of the
association of these parameters and severity of
disease outcome could be derived from the
correlation of the DI and an integrated
measure (area under the curve) of serial evalu-
ations of these parameters.

HLA-DRB1 alleles have usually been associ-
ated with disease severity21 21–25 47 and an eVect
of increasing gene dose is noted in most,25–27 but
not all21 29 studies. We also found the DI signifi-
cantly higher in HLA-DR4 positive patients,
and noted a positive trend that we consider rel-
evant albeit not statistically significant
(p=0.055) between HLA-DRB1 susceptibility
epitope gene dose and the magnitude of the DI.
Spline regression revealed an interaction be-
tween CRP and susceptibility alleles on the DI.
This interaction between correlates of deform-
ity, while not surprising, is important because
this observation is one of the first to tackle a
shortcoming of almost all genetic studies where
there has been a general lack of analysis for
confounding eVects of other variables on
disease progression. Our observation is similar
to one made in a minocycline trial. In that
study a positive correlation of gene dose and
development of new erosions was noted among

placebo treated patients. Minocycline treat-
ment suppressed the development of erosions
and among the treated patients the relation
between gene dose and numbers of erosions
was lost.26

We also noted a positive association between
the DQB*0301 allele and RA severity. It must
be noted that this HLA-DQB1 allele is linked
to the RA susceptibility HLA-DRB1 epitopes.
It is therefore not possible in this study to des-
ignate which of the HLA class II alleles is more
strongly associated with deformity. In the
literature, HLA-DQ alleles do not seem to
code for susceptibility to RA and evidence for
an eVect on severity is contradictory (reviewed
by Wagner et al27). The contradictory results
centre on the method of measuring severity, be
it the need to use DMARDs, in which a posi-
tive eVect was noted,48 or the presence of
extra-articular manifestations,28 or active
joints27 where negative results were obtained.
Thus, while we make no claim that measure-
ment of DRQ alleles adds more information
than measurement of DRB alleles in RA, our
observation contributes insights into preferred
measures of RA disease severity and proposes
a disease model that may allow further explo-
ration into a separate role of DQB alleles in
RA.

The limitations of our study emphasise cau-
tion in interpreting the results. This is a cross
sectional study of small sample size and the
results may diVer from the predictive value of a
variable determined in a longitudinal study of
an inception cohort of all patients with new
disease. In addition, the content of DI requires
formal validation. Nevertheless, our demon-
strated associations of DRB1 and DQB1 allel-
les with severity, and the interaction of genes
and CRP in determining severity, support the
contention that the DI, and/or similar scales,
are worthwhile developing and evaluating fully
in patients with RA.
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