Minimal Clinically Important Ditference in
Radiological Progression of Joint Damage.
A Definition Based on Patient Perspective
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ABSTRACT. Objective. To estimate a threshold for minimal clinically important radiological progression of joint
damage using its longitudinal relation with functional disability in patients with rheumatoid arthritis
(RA). To validate existing estimates of minimal clinically important difference (MCID) using this rela-
tion with functional disability.

Methods. We reanalyzed published data of 185 patients with early RA followed for a maximum of 9
years. Longitudinal regression (mixed models) was used, relating radiological damage (modified Sharp
score) to functional disability (HAQ-DI), correcting for age (age at diagnosis and increasing disease
duration), disease activity (DAS28), and demographic variables. Several shapes of the relation were
investigated. Based on the observed relationship between radiological damage, functional disability,
and the minimal clinically relevant increase in functional disability found in earlier studies, MCID for
progression of joint damage was discussed. Existing estimates of MCID were evaluated for their influ-
ence on functional disability over the disease course.

Results. A longitudinal relation between the modified Sharp score and the HAQ-DI was found.
Significant covariates were age, gender, and disease activity. The model indicated that the relation
between the Sharp score and the HAQ-DI was dependent on the amount of damage (a threshold effect)
and on patients’ age. With lower age, no effect of joint damage on functional disability could be demon-
strated and with higher age the effect of joint damage increased. With a typical patient from our cohort
(age at diagnosis 55 yrs, some baseline damage, and an expected disease duration of 30 yrs), a (con-
stant) progression of 6 points per year led to an increase of about 0.2 on the HAQ score, solely related
to damage, over the disease course. This estimate of MCID was close to estimates based on expert opin-
ion and equal or smaller than most estimates based on the smallest detectable difference.

Conclusions. The MCID, defined using longitudinal effect on functional disability, is dependent on age
and (progression of) joint damage. However, with a typical patient population this MCID was similar
to thresholds based on expert opinion, adding to the validity of these estimates. (J Rheumatol 2006;
33:501-7)

Key Indexing Terms:

RHEUMATOID ARTHRITIS

JOINT DAMAGE

MINIMAL CLINICALLY IMPORTANT DIFFERENCE

Rheumatoid arthritis is a chronic inflammatory condition with
considerable morbidity to the individual patient. Ultimately
this disease can lead to destruction of the joints.

Joint destruction or radiological progression is considered
one of the most important outcomes of RA, and is used to
evaluate disease modifying antirheumatic drugs (DMARD)
including biologicals!2.

There are several instruments for scoring radiological dam-

From the Department of Rheumatology, and Department of Epidemiology
and Biostatistics, Radboud University Nijmegen Medical Centre,
Nijmegen, The Netherlands.

PM.J. Welsing, MSc, Department of Rheumatology; G.F. Borm, PhD,
Department of Epidemiology and Biostatistics; P.L.C.M. van Riel, MD,
PhD, Professor of Rheumatology, Department of Rheumatology.

Addpress reprint requests to Dr. PL.C.M. van Riel, Department of
Rheumatology, Radboud University Nijmegen Medical Centre,

P.O. Box 9101, 6500 HB, Nijmegen, The Netherlands.

E-mail: P.vanRiel @reuma.umcn.nl

Accepted for publication October 28, 2005.

age, using plain radiographs of hands and feet. The most
widely used methods are the (modified) Sharp and the Larsen
scores®. Both methods assess joint damage (and progression)
on a continuous scale, but there is no established definition as
to what constitutes clinically important progression of joint
damage. This knowledge is important for interpretation of
results of studies when progression of joint damage is the end-
point (at the individual patient level)?.

Lassere, et al used the concept of measurement error to
determine the smallest detectable difference (SDD) for the
modified Sharp score as well as for the Larsen-Scott method,
as a starting point for clinically relevant progression®. In the
setting of early RA the SDD was 11 modified Sharp score
units and 8 modified Larsen score units, if there was an equal
distribution over the total spectrum of baseline damage and
progression in the sample and the mean score of the same
trained observers was always used. The SDD was 15.5 modi-
fied Sharp score units and 11 modified Larsen score units
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when there was an equal distribution of baseline damage and
progression in the sample and the mean score of any 2 trained
observers was used. Other SDD were also determined. Using
another approach, pairs of radiographs, with 1-year intervals,
from patients with early RA, were judged by an international
expert panel of rheumatologists, for the presence or absence
of a clinically important difference (defined as the amount of
progression of joint damage that would make them change the
second line therapy prescribed). A threshold value was chosen
for a clinically relevant increase in radiological damage
according to the rheumatologists, using receiving operator
curves. Bruynesteyn, er al found that for the modified Sharp
score this “clinically relevant” difference was 5 units and for
the Larsen score 2 units>.

However, these findings might not reflect the true minimal
clinically relevant increase in progression of radiological
damage; this should reflect the effect progression has on the
patient, for instance the development (or increase) of func-
tional disability, as this is of direct importance. A threshold for
a clinically relevant difference in functional disability as
measured by the Health Assessment Questionnaire-Disability
Index (HAQ-DI) has been determined by asking patients to
rate themselves relative to another patient and compare HAQ-
DI scores. This minimal clinically relevant difference in
HAQ-DI score was estimated to be between 0.2 and 0.3%7.

However, radiological damage is not the only factor that
influences functional disability; other factors like disease
activity and sociodemographic factors also have an (impor-
tant) effect®?.

Our aim was to investigate the (longitudinal) relation
between an increase in radiological damage and an increase in
functional disability. This relation would then be used not only
to find a threshold for clinically relevant progression of radi-
ological damage, but also to validate existing estimates of the
minimal clinically important difference (MCID) for radiolog-
ical progression by evaluating their influence on functional
disability over the course of the disease.

MATERIALS AND METHODS
We analyzed data from the Nijmegen inception cohort. Since 1985, all newly
diagnosed patients with RA according to the 1987 American College of
Rheumatology (ACR) criteria (disease duration < 1 yr) at the department of
Rheumatology of the Radboud University Nijmegen Medical Centre have
been included. Patients are assessed on several measures, including function-
al disability, radiological joint damage, and disease activity as measured by
the HAQ-DI, the modified Sharp score, and the Disease Activity Score
(DAS28), respectively!®. Radiological data were collected at baseline and
every 3 years with followup varying from 3 up to 9 years. A detailed descrip-
tion of this cohort has been reported®.

As our study elaborates on results of 2 studies*> investigating a minimal
clinically relevant change in functional disability®’, the methods of these
studies will be briefly reviewed.

Studies investigating a clinically relevant increase in functional disability.
Two studies reported a threshold for clinically relevant change in functional
disability on the HAQ-DI: one included 40 patients with RA; the other includ-
ed 46 RA patients, with another 57 RA patients serving as a validation popu-
lation. The patients had varying disease duration.

Thresholds for a clinically meaningful difference in functional disability
as measured by the HAQ-DI were determined by conducting one-on-one con-
versations between RA patients, and comparing HAQ-DI scores. Participants
rated whether their disability was the same, somewhat better, somewhat
worse, much worse, or much better than their conversational partners. The
minimal clinically relevant change was calculated as the difference in mean
scores between the conversations where respondents rated themselves as
somewhat better and conversations where the respondents rated themselves as
about the same, or alternatively where respondents rated themselves as some-
what worse and about the same®”’.

The longitudinal relation between functional disability and radiological dam-
age. Followup data of 185 patients with early RA included in the open
prospective study were used. In another article on these data the main con-
clusion was that in early disease cross-sectional functional disability was
mainly influenced by disease activity, and that in established disease func-
tional disability was also influenced by radiological damage®. This indicates
that in individual patients the relation between an increase in joint damage
and the development or increase in functional disability might not be linear.
Furthermore, disease activity, increasing disease duration, and age might con-
found or modify this relation.

To investigate this relationship, mixed model regression analysis with a
random intercept was used. A log transformation was applied to remove the
skewness of the HAQ-DI. Statistical testing and inspection of the residuals
were used to choose between the models and to evaluate the fit.

Initially, a sigmoid model was fitted with the logarithm of the HAQ-DI as
dependent variable and the modified Sharp score, DAS28, age at onset of the
disease, disease duration, gender, and rheumatoid factor as independent vari-
ables. This model showed poor fit, and a logarithmic transformation of the
independent variables gave no improvement. Therefore, a response surface
was used'!. A quadratic response surface with Sharp score, age at diagnosis,
disease duration, DAS28, gender, and rheumatoid factor showed adequate fit.
The model could even be simplified by replacing 2 factors, age at diagnosis
and disease duration, by a single factor: age. Inclusion of third order terms in
the model did not lead to substantial improvement of fit.

Analyses were performed with SAS version 8.0 using the MIXED proce-
dure with the Gaussian link function.

Threshold for clinically important radiological progression. Using the
derived relationship between an increase in Sharp score and the HAQ-DI, cor-
rected for important confounding (and modifying) factors, the minimal clini-
cally relevant increase in radiological damage was investigated. An increase
of 0.2 on the HAQ-DI scale was used as threshold for clinical importance.
The derived relationship was also used to validate existing estimates of the
MCID (or SDD) by evaluating the influence on functional disability over the
disease course.

RESULTS

As described®, 64% of the patients were women, the mean age
at diagnosis was 55 years, and 78% of the patients were
rheumatoid factor positive. Their median HAQ-DI score at
baseline was 0.47, the mean DAS28-score was 4.4, and the
median Sharp score was 11. The mean number of followup
years (with data about radiological damage present) was 6.3.
Functional capacity worsened (HAQ-DI increased) with dis-
ease duration by about 0.03 per year (min-max: HAQ-DI 0-3),
after an initial improvement at study start.

At 9 years after study start the mean HAQ-DI had
increased to 0.64 (median 0.63). Mean disease activity
remained constant with disease duration, after an initial
improvement at study start. Nine years after study start the
mean DAS28 was about 3.8. Joint damage increased over the
course of the disease; this increase seemed to be slower later
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in the disease. The mean Sharp-score at 9 years after study
start was 83.6 (median 83.8) and the mean yearly progression
score was 8.1 Sharp points (+ 7.6).

Results of the final model suggested that joint damage was
related to the HAQ-DI. Female gender, higher age, and high-
er disease activity were also associated with a higher HAQ-
DI. Age modified the relationship between Sharp score and
HAQ-DI: the relationship became stronger with increasing
age. Furthermore, the quadratic term for the modified Sharp in
the model indicates that the influence of an increase in the
Sharp score on functional disability is higher if the amount of
damage already present is higher (Table 1). Figure 1A shows
the relationship between HAQ-DI Sharp and age as estimated
by the model. The figure indicates that with increasing age the
HAQ-DI increases, that with lower ages no effect of increase
in damage on functional disability can be seen, and with high-
er ages this effect is larger. Surprisingly, with low values of
the Sharp score the functional disability seemed to decrease
somewhat with increasing damage. This may be caused by an
artefact of the modeling process, but models not allowing for
such a decrease (e.g. sigmoid models) showed a very poor fit.
It may also be a real effect caused by the process that leads to
diagnosis of RA or regression to the mean. However the
decrease is small and probably not of clinical relevance.
Figure 1B shows the observed Sharp scores against the HAQ-
DI scores and age adjusted for relevant covariates (the inter-
cept, gender and DAS28).

Minimal clinically relevant radiological progression. Once
we determined the (shape of the) relationship between pro-
gression of radiological damage and an increase in functional
disability, we attempted to define the minimal clinically
important radiological progression of joint damage (MCID).
With a typical patient from our cohort (age 55 years at diag-
nosis and a baseline damage score of about 11) a disease
course of about 30 years may be anticipated. In this case mod-
eling shows that with a progression rate of about 6 Sharp
points per year a clinically important increase in the HAQ-DI
of 0.2 solely related to this progression of damage (not includ-
ing the direct effect of age) is reached at the end of the disease
course.

Table 1. Results of the linear mixed model.

Item Coefficient 95% CI p

Intercept -2.967 -3.853, -2.081 < 0.0001
Age, yrs 0.022 -0.006, 0.039 0.0080
Female 0.384 0.710, -0.059 0.0220
DAS28 0.256 0.170, 0.343 < 0.0001
mSharp -0.023 -0.024, -0.023 < 0.0001
mSharp squared 0.000053 0.000006, 0.000100  0.0286
Age*MSharp 0.00021 0.000006, 0.000414  0.0497

mSharp: modified Sharp score (min-max: 0-448); DAS28: disease activi-
ty score including 28-joint counts (min-max: 0—10); CI: confidence inter-
val.

Figure 2 shows the influence of a yearly progression of 5
Sharp-points on the HAQ-DI (the MCID found by
Bruynesteyn, et al® using expert opinion) for typical patients:
patients aged 35, 55, and 75 years of age at diagnosis, respec-
tively, with no baseline damage, a baseline damage score of
11, and a baseline damage score of 30, respectively. In Figure
2 the eventual influence over the disease course on the HAQ-
DI according to the model is shown, assuming that patients
reach 85 years and have a constant progression rate. It can be
seen that with this progression rate the threshold for clinical
relevance on the HAQ-DI is almost reached using a typical
patient from our cohort (55 years of age at diagnosis and a
baseline damage score of 11). With younger patients or
patients with more baseline damage the eventual influence on
the HAQ-DI is larger and with older patients and patients with
less baseline damage this influence is less.

With higher age an increase in radiographic damage has a
greater influence on the HAQ-DI (the Sharp score starts to
have an influence at lower Sharp values); however, due to the
shorter anticipated disease course the eventual influence is
smaller and thus the minimal clinically important progression
(MCID) becomes larger. With higher baseline damage the
MCID becomes smaller. Most values of the SDD are equal to
or larger than the estimate from our analyses of 6 modified
Sharp points.

For a patient with an age at diagnosis of 35 years with a
baseline damage score of 11 the MCID is 4; for a patient age
75 years at diagnosis the MCID is 20. For a patient age 55
years with no present damage the MCID is 7, and for the same
age patient with a baseline damage score of 30 the MCID is 6
Sharp points per year.

DISCUSSION
We used an alternative approach to determine the minimal
clinically important change in radiological joint damage. A
threshold for a clinically relevant increase in radiological
damage was determined, using its longitudinal effect on func-
tional disability within individual patients, and as such using
the patients’ perspective. Previous work estimating the MCID
for radiological joint damage used either measurement error
(the statistical approach) or the opinion of rheumatologists
(the opinion based approach). Our method can be regarded a
data driven approach?. It should be noted that all these thresh-
olds relate to an average and not to an individual patient and
thus will not play a major role in day to day care of patients.
However, an average threshold for clinically important pro-
gression might facilitate the interpretation of radiological out-
comes of clinical studies, and make it possible to perform a
responder analysis in clinical trials using radiological data.
Our results reveal some interesting points regarding the
clinically important difference in radiological damage as
defined by the influence of a patient’s functional disability.
The influence of radiological damage on functional disability
might have a threshold; i.e., only after the presence of a cer-
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Figure 1. A. The relationship between joint damage, functional disability, and age as estimated
by our model: With increasing age, the HAQ-DI increases and with lower ages, no effect of
increased damage on functional disability can be seen. B. Observed Sharp scores plotted against
HAQ-DI scores, after age adjustment for relevant covariates (intercept, gender, and DAS28).
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Figure 2. Eventual influence of functional disability for typical patients age 35, 55, and 75 years. The linear mixed
model assumes all patients reach 85 years, and that they have a constant disease progression rate of 5 Sharp points
per year. Representative patients for each age with varying baseline joint damage scores are shown.

tain amount of radiological damage, an increase in radiologi-
cal damage has an influence on functional disability in a
patient. Furthermore the influence of radiological damage on
functional disability within individual patients seems also
dependent on the age of the patient; with higher age the influ-
ence is greater (radiographic damage starts to have an effect
with lower Sharp scores). Although the influence of increas-
ing joint damage is smaller in younger patients, due to their
longer anticipated disease duration the eventual influence of
the progression might be greater. Therefore the MCID might
be smaller, stressing the importance of slowing progression of
joint damage in younger patients.

This finding might indicate that one single threshold for
the clinically relevant increase in radiological damage may
not be appropriate, but that this clinically relevant increase
may be dependent on characteristics of both the patients and
the disease. This was also the case for the MCID based on
expert opinion: in the setting of early RA and with high
disease activity, the MCID was smaller'? and radiologists
regarded larger values of radiological progression as clinical-
ly relevant (defined as recording ““substantial progression” in
their report) in contrast to rheumatologists!3. However, when
using an “average” patient from our cohort the resulting
MCID was remarkably close to estimates based on the expert
opinion of a panel of rheumatologists, adding to the validity
of these estimates. This suggests that experts in the field of
rheumatology are capable of interpreting the clinical rele-
vance of joint damage as shown on radiographs. Usually esti-
mates of the MCID based on the smallest detectable differ-
ence (SDD) are greater than or equal to the MCID based on
expert opinion or on the relation with functional disability.
The value of the SDD is dependent on the distribution of
scores in the sample; the number of raters; the number of

scores, i.e., the mean of 2 or more readers versus only one
score; and the status or change scores used to calculate the
SDD. The value is also different if one wants to generalize to
any (2 or more) raters. Furthermore, it was argued by
Bruynesteyn, et al that calculating an SDD to assess the small-
est change in scores that can be deemed a “real” change is
inappropriate if the films of one particular patient are scored
side by side (as is usually done)'*. In this case the change in
scores is not based on 2 independently obtained scores and the
measurement errors of scores of films at time points one and
2 are not independent. Therefore the smallest detectable
change (SDC) should be calculated as a threshold for progres-
sion. This SDC is based on the standard error of measurement
of the change score or the standard deviation of the difference
between change scores of 2 reading sessions as opposed to
using the standard deviation of the status scores (or of change
scores) in the usual method of calculating the SDD. The SDC
is smaller than the SDD and might be smaller than the MCID
but this is also dependent on the raters, using means, and if
one wants to generalize'?.

Although the measures used to determine functional dis-
ability and radiological damage in our study are international-
ly accepted, they deserve further comment. The HAQ-DI
might not be sensitive enough to measure subtle changes in
functional disability, especially not at the extremes of the
scale!>. This might partly explain the threshold effect for radi-
ological damage. In our patient cohort large changes in Sharp
score (and also DAS28) are necessary for a relevant change in
the HAQ-DI. The HAQ-DI increases very slowly by about
0.02-0.03 per year?; at the cohort level, a clinically relevant
increase in HAQ-DI is only reached after 7 to 10 years (part-
ly due to an increase in age and partly due to an increase in
damage). The modified Sharp method measures erosions and
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joint space narrowing in joints of hands and feet. It does not
take into account how many joints are involved, so a certain
score may be due to much damage in a few joints or little
damage in many joints. This might not have the same effect on
disability and thus not have the same clinical relevance. Also
this method only takes into account joints of the hands and
feet; damage in other joints might have a different influence on
disability. However, it has been found that progression in these
joints is very similar to the progression in other joints!®. A ceil-
ing effect of the radiological scoring method in individual
joints has also been described!”. Therefore damage might be
increasing, although the Sharp score remains constant or only
increases slowly, but still influences functional disability.

As described, Sharp scores were assumed to only increase
or stay the same and not to improve. Our cohort was treated
prior to 1998 before the introduction of biologicals; therefore
healing phenomena were probably not often present and could
not influence our results.

For patients who have had joint replacement surgery, that
particular joint is impossible to score and (more importantly)
functional disability decreases (better function due to the sur-
gery) even though damage has increased or is high.
Furthermore radiological scoring methods can have a very
large inter-observer variation'®!3. Scoring photos more fre-
quently (i.e., photos every 6 months versus every 3 years)
increases the progression rate, since Sharp scores, when
scored in the original way can only increase or be stable and
not decrease. Therefore the calculation of an MCID for dam-
age is (partly) study or observer specific.

In studies determining a clinically relevant increase in
HAQ-DI scores it was shown that patients view clinically
important differences in an asymmetric manner, and that a
larger difference in HAQ-DI scores had to be present for
patients to rate themselves as worse versus rating themselves
as better’. Furthermore, in less disabled patients we observed
a lower threshold for a clinically relevant increase in func-
tional disability®. The MCID in HAQ-DI were determined by
conversations between patients, rating themselves relative to
other patients, after which HAQ-DI values were compared.
This difference relates to inter-patient differences, and is not
necessarily the same as the minimal clinical relevant change
within patients, which might be smaller. In this study a con-
servative value for a clinically relevant difference in function-
al disability of 0.2 was used. These issues complicate the cal-
culation of a clinically relevant increase in radiological dam-
age.

It is possible that not all factors influencing functional dis-
ability were investigated in the regression models, for
instance, psychological status; however, we do not believe
this would confound or modify the longitudinal relationship
between radiological damage and functional disability.

In conclusion we described the relationship between radio-
logical damage and functional disability in individual patients.
The magnitude of this relationship was dependent on charac-

teristics like age, disease duration, and present damage, com-
plicating the calculation of a threshold for clinically important
radiological progression. This definition of MCID was further
complicated by the properties of the radiograph scoring
method (e.g., included joints, inter-observer variation, and
scoring frequency) and by the definition of a clinically rele-
vant increase in HAQ-DI score. The MCID calculated for an
“average” patient from our cohort was 6 Sharp units, which
was remarkably close to the MCID using expert opinion,
adding to the validity of these estimates. The MCID based on
the SDD is usually equal to or larger than the MCID based on
either expert opinion or the influence on the HAQ-DI. It might
be interesting to replicate these findings in other patient pop-
ulations and investigate the role of the issues raised in our
study.
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