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Assessment of Pain in Rheumatoid Arthritis: Minimal
Clinically Significant Difference, Predictors, and the
Effect of Anti-Tumor Necrosis Factor Therapy
FREDERICK WOLFE and KALEB MICHAUD

ABSTRACT. Objective. To compare a visual analog pain scale (VAS) with the Medical Outcomes Study Short Form-
36 Health Survey (SF-36) bodily pain; to define the minimal clinically important change (MCIC) for
pain in observational studies; to define clinically useful cutpoints for pain; to quantify the predictors of
pain; and to estimate the effect of anti-tumor necrosis factor (TNF) therapy on pain.
Methods. Over 6 years we studied 12,090 patients with rheumatoid arthritis (RA). Pain was assessed
by VAS and SF-36 pain scales.
Results. Compared with the SF-36 scale, the 0–10 VAS pain scale was better correlated with all clini-
cal variables. The mean VAS score was 3.4 (standard deviation 2.8), and the best cutpoint for an
“acceptable” level of pain was ≤ 2.0. The MCIC for pain was approximately 0.5 units by one measure
and 1.1 by another. Pain increased slightly with the duration of RA, 0.03 (95% confidence interval
0.02–0.03) and decreased with age, 0.01 (95% CI 0.01–1.02) units per year. Pain was greater in ethnic
minorities [0.78 (95% CI 0.63–0.93)] and women [0.31 (95% CI 0.23–0.39)] and was lower in college
graduates [–0.88 (95% CI –1.00 to –0.76)]. Self-reported joint and nonarticular pain at 16 bilateral sites
explained 44% of VAS pain scores. Anti-TNF therapy reduced pain by 0.59 to 0.53 units and EuroQol
utility by 0.02 (95% CI 0.02–0.02) units.
Conclusion. Anti-TNF therapy improved pain by 0.53 to 0.70 units. The MCIC for improvement and
worsening of pain is about 0.5 to 1.1 units. Pain levels are almost constant over RA duration, and are
increased in women, ethnic minorities, smokers, and those with less education. (First Release July 1
2007; J Rheumatol 2007;34:1674–83)
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Pain and function are the key clinical variables in rheumatoid
arthritis (RA). Pain assessment tools have been many, includ-
ing multi-item and multidimensional tools1-10 as well as a
simple visual analog scale (VAS)11-14. In RA clinical trials,
observational studies, and clinical practice, however, pain
assessment most often comes down to 2 questionnaires in
almost all settings, the VAS and the bodily pain subscale that
is part of the Medical Outcomes Study Short Form-36 Health
Survey (SF-36) assessment7.

Randomized clinical trials (RCT) and observational studies
and clinical practice differ in a number of ways with respect

to pain. RCT select patients because of severity and therefore
select for high levels of pain. The RCT is usually performed
to compare the effect of treatment on outcomes such as pain.

For observational studies and clinical practice, there are
different questions, such as, what causes pain? how much pain
is present? why do people differ with respect to pain? and how
effective are treatments in relieving pain? Although these
seem to be simple questions, they are not easy ones because
pain may be related to genetic differences and biologic, psy-
chosocial, and demographic factors15-27, as well as to illness,
expectations, and treatment. When so many factors work
together to influence pain, it is difficult to disentangle covari-
ate effects and to establish a direction of causality.

Here, we use a large data bank to quantitatively answer
questions about pain in RA that should be useful to clinicians
and researchers. Specifically, we measure the effect of ethnic-
ity, sex, education, age, and duration of RA on pain, keeping
in mind the direction of causality. We also describe the extent
to which specific joints contribute to pain scores, and we
describe the minimal clinically important difference (MCID)
for pain improvement and worsening, as well as levels of pain
that appear to be acceptable. Finally, we compare pain as
measured by the SF-36 and VAS as to their clinical relevance.
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MATERIALS AND METHODS
Patients in our study were participants in the National Data Bank for
Rheumatic Diseases (NDB) longitudinal study of RA outcomes. NDB partic-
ipants are recruited on an ongoing basis from the practices of United States
rheumatologists, and are followed prospectively with semiannual, detailed,
28-page questionnaires, as described28-31. The diagnosis of RA was made by
the patient’s rheumatologist, and there are no exclusions for enrollment.
Approximately 8% of patients discontinue participation per year. We studied
12,090 patients with RA who had completed at least one semiannual ques-
tionnaire between January 1, 1999, and December 30, 2004, and who were
not participants in a safety registry. Safety registry patients were excluded
because their recruitment methods may select for a subset of patients with
more severe RA than is ordinarily found in RA clinical practice, and their
inclusion might bias the study toward patients with more severe RA. For the
cross-sectional analyses in this report (Tables 1, 2, 4, Figures 1–4), we used a
random number generator to select a single questionnaire from the longitudi-
nal data of each patient in the event a patient had completed more than one
survey.

At each assessment we recorded demographic variables including age,
sex, ethnic origin, marital status, smoking status, household income, and all
treatments. Patients reported functional status using the Health Assessment
Questionnaire (HAQ)32,33 and the original SF-36 function scale7. We also
determined pain, global disease severity, and fatigue by VAS34. The VAS pain
scale measures 21 points, from 0 to 10 at 0.5 unit intervals. The line was not
marked, and patients were unable to see their previous responses. The second

pain scale was the bodily pain subscale from the SF-367 and is derived from
one 6-item question (pain intensity) and one 5-item question (interference
with work because of pain). The SF-36 scales inquire about status over the
previous 4 weeks, the other clinical scales about status over the last week.

To assess quality of life (QOL) by utilities, we administered the
EuroQol35-38, utilizing the newly developed US tariffs39, the SF-6D40, and a
VAS-based QOL scale utilizing linear transformation41. The EuroQol con-
tains 5 questions, 3 of which are about function, one about pain, and one
about psychological status. TheVAS QOL scale was anchored at one end with
“death” and the other end with “perfect health.” It was transformed using the
algorithm, 0.44 × (VAS QOL/100) + 0.4941. VAS QOL scales have higher
utilities than multi-item scales such as the EuroQol, and are closer in that
respect to values obtained by the standard gamble41.

A self-report joint count and joint score was obtained using the rheuma-
toid arthritis disease activity index scales42, and the joint regions from this
scale were also evaluated separately as individual scores and counts. The joint
score allows designations of no pain, mild, moderate, and severe pain, and is
coded as 0 through 3. The joint count compresses this scale to 0 and 1 by
counting all scores greater than 0 as 1. The Regional Pain Scale (RPS) is a
self-report count of nonarticular regions43,44. The Symptom Intensity (SI)
scale is derived from 2 separate scales, a VAS for fatigue45 and the Regional
Pain Scale (RPS)44. The SI scale uses these 2 measures in continuous form
according to the following formula: [VAS fatigue + (RPS/2)]/2. This yields a
scale with a 0 to 9.75 range.

Satisfaction with health was evaluated with a 5-point scale46. The cate-
gories were very dissatisfied, somewhat dissatisfied, neither satisfied nor dis-
satisfied, somewhat satisfied, and very satisfied. Minimal improvement was
defined as 1 category change in health satisfaction.

The mood scale we used represents the normalized Arthritis Impact
Measurement Scales (AIMS) anxiety and depression scales if available47;
otherwise, it represents the SF-36 mental health subscale7. Both scales are
transformed to a 0–10 scale, with higher values representing greater mood
abnormality.

Statistical methods. The graphs of Figure 2 were generated by running line

Table 1. Demographic and clinical characteristics of 12,090 RA study par-
ticipants. Values are from a randomly selected observation.

Variable Mean SD

Age, yrs 60.09 13.61
Sex, % male 23.17
Ethnic origin
Caucasian, not of Hispanic origin, % 90.58
African American, not of Hispanic origin, % 4.12
Asian or Pacific Islander, % 1.00
American Indian or Alaskan Native, % 0.96
Hispanic, % 2.83
Other, % 0.51

Education category, %
0–8 yrs 2.76
8–11 yrs 7.75
12 yrs 35.76
13–15 yrs 26.26
≥ 16 27.46

Household income, $US 45038 29073
Disease duration, yrs 14.27 11.12
Symptom intensity scale (0–9.8) 3.61 2.36
VAS Pain (0–10) 3.84 2.78
Pain total (SF-36) 6.18 1.68
HAQ (0–3) 1.04 0.74
VAS Global severity (0–10) 3.49 2.52
Regional Pain Score (0–19) 5.65 5.06
Patient joint count (0–16) 7.41 4.65
Patient joint score (0–48) 12.10 9.44
VAS QOL (linear transformation) (0–1) 0.78 0.09
EuroQol (US) (0–1) 0.73 0.19
SF-6D utility (0–1) 0.62 0.10

HAQ: Health Assessment Questionnaire disability index; HAQ-II: Health
Assessment Questionnaire disability index-II; Global: patient global sever-
ity; VAS Qol: linearly transformed VAS QOL utility scale; EuroQol:
EuroQol utility score; SF-6D: SF-6D utility score.

Table 2. Correlation of pain related variables. The number of observations
was 12,090 except for EuroQol (N = 4,170) and depression and anxiety
(N = 9,600) that was not administered during all question assessments.

Variable VAS SF-36
Pain Pain

Clinical variables
VAS pain 1 0.58
Symptom intensity scale 0.69 0.49
VAS global severity 0.68 0.48
VAS fatigue 0.64 0.42
HAQ 0.62 0.44
Patient joint score 0.61 0.48
Pain (SF-36) 0.58 1
Satisfaction with health 0.58 0.45
Physical function (SF-36) –0.58 –0.44
Regional pain score 0.54 0.43
Vitality (SF-36) –0.53 –0.43
Patient joint count 0.51 0.42
Depression 0.46 0.35
Mood 0.44 0.35
Anxiety 0.42 0.34
Mental health (SF-36) –0.39 –0.32

Quality of life utilities
EuroQol –0.66 –0.55
VAS QOL (linear transformation) _0.51 –0.40
SF-6D utility –0.48 –0.34
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smooths of VAS pain on duration and age simultaneously, adjusting for sex48.
Using a simple type of backfitting, the resulting smoother is a locally linear
function of the predictors for each observation.

To determine the minimal clinically significant change (MCIC), we esti-
mated the mean change in pain over 6 months that was associated with a 1
category change in health satisfaction at each of the 21 levels of baseline pain
(Figure 4), adjusting for pain changes at baseline levels that were associated
with no change in health status. We also used linear regression to estimate the
change in pain that was associated with a 0.22 unit change in HAQ over a 6-
month period. A 0.22 change in HAQ is thought to be the MCIC for HAQ.We
used this method to corroborate the previously described method of MCIC
estimation. The limitations of this method are discussed below. Finally, we
estimated the MCIC based on the standard error of the mean (SEM), using the
formula:

SEM = SD * 1 – reliability

and a reliability of 0.8549,50. The SEM is consistent with the MCIC across
most studies51-53:

SEM = SD * 1 – alpha

The univariable and multivariable analyses of Tables 3 and 5 were per-
formed using all observations from study subjects and generalized estimating

equations (GEE). The GEE analyses specified an exchangeable correlation
structure and robust standard errors.

Correlation coefficients were calculated by the Pearson method. Data were
analyzed using Stata (Stata Corp., College Station, TX, USA) version 9.1.

RESULTS
Demographic and clinical characteristics. The demographic
and clinical characteristics of the 12,090 patients with RA in
this study are shown in Table 1. The SF-36 pain scores have
been reversed and rescaled to make them comparable to the
VAS scale, where 0 is no pain and 10 is maximum pain. The
level of pain in this cohort was 3.84 (SD 2.78) using the VAS
scale and 6.18 (SD 1.68) using the SF-36 pain scale. The
scores for the SF-36 are based on questions about pain inten-
sity (6 categories) and interference with work because of pain
(5 categories). By contrast, the VAS scale is purely a pain
intensity scale. The distributions of VAS pain scores and SF-
36 pain scores are shown in Figure 1. In addition to the sparse-
ness of the SF-36 scale, its distribution differs from that of the
VAS scale in being relatively normally distributed compared
with the VAS scale, which is skewed to the left. We also iden-

Table 3. Association of demographic factors with pain intensity. Analysis by generalized estimating equations
(n = 12,090, observations = 64,090).

Multivariable Analyses Univariable Analyses
Variable Coefficient p 95% CI Coefficient p 95% CI

Sex Female 0.41 < 0.001 0.31, 0.50 0.48 < 0.001 0.38, 0.58
Education category, yrs
0–8 0.80 < 0.001 0.53, 1.08 0.90 < 0.001 0.62, 1.17
8–11 0.70 < 0.001 0.53, 0.87 0.81 < 0.001 0.64, 0.97
12 (referent) 1.00 1.00
13–15 –0.16 0.003 –0.26, –0.05 –0.16 0.003 –0.26, –0.05
≥ 16 –0.74 < 0.001 –0.84, –0.64 –0.81 < 0.001 –0.91, –0.70

Non-Hispanic Caucasian 0.78 < 0.001 0.63, 0.93 0.94 < 0.001 0.79, 1.10
Married –0.24 < 0.001 –0.31, –0.16 –0.35 < 0.001 –0.42, –0.27
Current smoker 0.31 < 0.001 0.22, 0.40 0.40 < 0.001 0.31, 0.49
Age, yrs –0.01 < 0.001 –0.01, –0.00 –0.01 < 0.001 –0.02, –0.01

Table 4. Levels of pain by measures of health status.

Quintile/Category By Quintiles of By Quintiles of By Categories of By Categories of
Pain, mean (IQR) QOL, mean (IQR)* Health Satisfaction, Health Satisfaction,

mean (IQR) mean (IQR) (≤ 1
comorbid condition)

1st, very satisfied 0.6 1.5 1.5 1.3
(0.0, 1.0) (0.5, 2.0) (0.5, 2.0) (0.0, 1.5)

2nd, somewhat satisfied 1.7 2.6 3.0 2.7
(1.5, 2.0) (1.0, 3.5) (1.0, 4.5) (1.0, 4.0)

3rd, intermediate 3.1 3.6 4.3 3.8
(2.5, 3.5) (1.5, 5.5) (2.0, 6.0) (2.0, 5.5)

4th somewhat dissatisfied 5.5 4.5 5.3 5.0
(5.0, 6.0) (2.5, 6.5) (3.5, 7) (3.0, 7.0)

5th, very dissatisfied 8.0 5.6 6.9 6.5
(7.7, 8.5) (3.5, 7.5) (5.5, 8.5) (5.0, 8.5)

* QOL was assessed by VAS QOL assessment. IQR: Interquartile range; QOL: Quality of life.
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tified several other pain related scales, the patient self-report-
ed joint count, a 0–16 scale; the patient joint score, a 0–48
scale; and the regional pain score, a 0–19 scale (Table 1).

Association of pain with clinical variables and QOL. To place
pain, generally, and the 2 scales, specifically, into perspective,
we examined the degree to which the pain scales were associ-
ated with clinical measures and with QOL utility measures
(Table 2). For every clinical and QOL measure, the VAS pain
scale was more strongly correlated with the clinical or utility
measure than was the SF-36 pain score, and we use it alone for
all analyses that follow.

The strongest correlate of pain is the Symptom Intensity
scale, which is a composite measure of fatigue and nonarticu-
lar pain. This is followed by global, fatigue, HAQ, and the
patient joint score, a variable that expresses the extent of joint

pain and its severity. The VAS pain scale is also more strong-
ly correlated with other VAS scales than with SF-36 measures
of pain and function. The weakest associations are with the
psychological scales. The VAS utility scale is correlated with
the EuroQol at 0.57. The EuroQol is correlated with VAS pain
at –0.66. It is difficult to judge the association of pain with
utility scales because the EuroQol and SF-6D contain pain
questions. However, when the VAS QOL scale is studied, its
correlation with pain is –0.51, indicating that QOL is con-
cerned with factors in addition to pain. Not shown in the table
of clinical association, but of interest, is that VAS pain and the
SF-36 bodily pain were correlated with household income at r
values of –0.23 and –0.16, respectively.

Association of pain with demographic characteristics. Age,
duration of RA, and pain are associated (Figure 2). However,

Table 5. Effect of anti-TNF therapy on pain intensity scores. Adjusted for age, sex, education level, minority
status, marital status, baseline Health Assessment Questionnaire, baseline pain, and baseline prednisone use.

Treatment Coefficient Z p 95% CI

No MTX, infliximab, etanercept 1.00
Infliximab, no MTX, no etanercept –0.53 –4.73 < 0.001 –0.74 to –0.31
Etanercept, no MTX –0.62 –7.50 < 0.001 –0.78 to –0.46
Infliximab, MTX, no etanercept –0.58 –8.76 < 0.001 –0.71 to –0.45
Etanercept, MTX, no infliximab –0.70 –9.80 < 0.001 –0.81 to –0.56

MTX: methotrexate.

Figure 1. The distributional characteristics of 5 measures of pain in 12,090 patients with RA.
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Figure 2. Cross-sectional estimation of the relationship between pain and RA duration, adjusted for age and sex (left panel) and pain and age,
adjusted for duration of RA and sex (right panel). The association with pain is very weak. Adjusted for duration, age, and sex, R2 = 0.016.

Figure 3. Left panel. The percentage of joints and regions with pain. Pain is present if either the right or left side is reported as being painful, except for neck, tho-
racic, and low back regions, which are not bilateral regions. Right panel. Multivariable increase in VAS pain associated with pain in joints or body regions.
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this association is weak and the increase in pain as a function
of RA duration is very small, 0.03 (95% CI 0.02 to 0.3) units
per year. By contrast, pain falls slightly, beginning at about
age 62 years. This small alteration is noted during the years
when retirement from work activities ordinarily occurs. The
separate figures allow the relationship of pain with age or
duration to be seen, disentangling age, duration, and sex.

We studied the association of selected demographic factors
and pain intensity in longitudinal analyses, as shown in Table
3. In multivariable analyses (all variables analyzed simultane-
ously), women had pain levels that were 0.41 (95% CI
0.31–0.50) units higher than those in men. Similarly, current
smokers had pain levels that were 0.31 (95% CI 0.22–0.40)
units greater than those in nonsmokers. Ethnic minorities had
higher levels compared with non-Hispanic Caucasians [0.78
(95% CI 0.63–0.93)] and married persons had lower levels
[–0.24 (95% CI –0.31 to –0.16)] compared with unmarried
persons. Finally, in comparison to persons with a high school
level education, more education was associated with lower
pain scores and less education with higher scores. Notably,
college graduates had pain scores that were 0.74 (95% CI
0.71–0.91) units lower than those in high school graduates.
Despite the significant difference in pain according to demo-
graphic characteristics, the overall effect of demographics on
pain was small, and the R-square of a regression model of pain
on the demographic variables was 0.05.

The relation of joint and regional pain to overall pain intensity.
In RA, inflammation of peripheral joints, muscular groups,
and the axial skeleton represents the driving force for the pain
intensity measured by the VAS scale. In our surveys of pain,

patients describe which joints and regions are painful (Figure
3, left). As these are self-reported painful regions, it is not pos-
sible to accurately separate shoulder girdle pain from shoulder
joint pain and buttock region pain from hip joint pain. Areas
that are painful in more than 50% of patients include proximal
interphalangeal joints, metacarpophalangeal joints, wrist,
knee, shoulder, and lower back.

To understand the extent to which painful regions were
related to VAS pain intensity, we performed a multivariable
regression analysis of VAS pain on the joints and regions in
Figure 3, right. The multivariate increases in VAS pain associ-
ated with the presence of pain in each joint or region are
shown in the figure. The largest contributions to the VAS pain
score came from shoulder, knee, upper leg, ankle, and hip
pain. The R-square for this model was 0.33. When individual
joint pain severity (joint score) was incorporated into the
model (none, mild, moderate, severe) instead of simply a joint
count, the R-square increased to 0.44. Addition of age, sex,
ethnicity, marital status, education, and duration increased the
R-square to 0.45.

How much change in pain is clinically significant? The MCIC
(or MCID). Pain is significantly correlated with health satis-
faction, r = 0.58, and with HAQ, r = 0.62 (Table 2). To ascer-
tain the MCIC for pain at a level of patient importance, we
determined the change in pain score that accompanied a min-
imal change in patient satisfaction with health. Satisfaction
categories include very dissatisfied, somewhat dissatisfied,
neither satisfied nor dissatisfied, somewhat satisfied, and very
satisfied. Minimal improvement was defined as 1 category
change in health satisfaction. As the extent of change in pain

Figure 4. Minimal clinically important change (MCIC) in pain based on baseline pain scores.
The MCIC for improvement (solid line) is shown above the zero line. The broken line represents
rounding of the solid line to the nearest 0.5. Lines below the zero line represent MCIC for wors-
ening. Over most of the range of pain, the MCIC for improvement or worsening is closest to 0.5.
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scores varies as a function of baseline satisfaction, we deter-
mined the MCIC at each level of baseline pain. As shown in
Figure 4, the MCIC for improvement or worsening is approx-
imately 0.5 across most levels of baseline pain. We also esti-
mated MCIC a second way, by regressing changes in pain on
changes in HAQ, and then estimating the pain change at a
HAQ score of 0.22, which is considered the MCIC for HAQ.
By this method, the average MCIC was 0.41 (95% CI
0.31–0.50) for improvement and 0.54 (95% CI 0.45–0.63) for
worsening, in general agreement with the data from Figure 3.
However, the estimated MCIC for HAQ of 0.22 does not con-
sider MCIC as a function of starting values. We found that the
ratio of pain changes to HAQ changes increases by approxi-
mately 0.28 (95% CI 0.16–0.39) per baseline pain unit.
Therefore, this measure of MCIC cannot be used to extrapo-
late beyond the mean HAQ and pain values. Finally, we cal-
culated the MCIC by estimating the standard error of the mean
for the VAS pain scale, and noted it to be 1.1.

We also attempted to define “acceptable” levels of pain
(Table 4). To put pain scores in perspective, columns 2 and 3
show pain scores according to quintiles of pain and QOL. By
overall health satisfaction, 75% of patients in the “very satis-
fied with their health” category had levels of pain < 2.0
(interquartile range 0.5 to 2.0), and these values were in agree-
ment with the first quintile of the VAS QOL scale. When the
analysis was restricted to those with 0 or 1 comorbid condi-
tions, in order to eliminate the contribution of excess comor-
bidity to health satisfaction, the 75th percentile declined to
1.5. In general these data suggest that the goal of therapy
should aim at reduction of pain scores to ≤ 2.0.

The relation of treatment variables to pain intensity. To esti-
mate the effect of treatment, we excluded all patients who
were enrolled in the NDB as part of treatment registries, as
those registries were started immediately after the release of
the therapies and selected for more severe RA. In addition, we
did not analyze patients who were taking anti-TNF therapy at
their first observation in the NDB. For the remaining 10,180
patients, who each had an average of 5.6 observations, we
obtained baseline scores for HAQ and VAS pain, and baseline
use of prednisone.We used those data as well as age, sex, edu-
cation, minority status, and marital status as covariates in a
cross-sectional time series analysis (GEE) to test whether pain
scores were lower in anti-TNF treated patients after control-
ling for baseline covariates. Because anti-TNF therapy may be
given with methotrexate (MTX), we formed dummy variables
of the important treatment groups (Table 4). Therefore the
comparison for the treatment groups is patients not taking
TNF or MTX, adjusted for the model covariates. Adalimumab
was infrequently taken and therefore was not included in the
groupings.

Table 5 shows that the effect of anti-TNF therapy was to
reduce pain by at least 0.53 units. Overall, anti-TNF therapy
in this model reduced pain by 0.51 (95% CI 0.43–0.59 units).
There were no statistically significant differences between any

combinations of the 4 anti-TNF groups. Specifically, the dif-
ference in pain scores for the 2 etanercept groups compared
with the 2 infliximab groups was 0.22 (95% CI –0.12 to 0.54;
p = 0.202). QOL differences in patients receiving anti-TNF
therapy were 0.02 (95% CI 0.02–0.02) for the EuroQol and
0.01 (95% CI 0.01–0.01) for the transformed VAS QOL scale.

DISCUSSION
Pain is the dominant symptom in RA. Pain is also is a com-
plex experience. Clinically, it has been described in terms of
sensory, affective, and evaluative components6, and it can be
measured in all of these domains, quantified in terms of inten-
sity, or measured in many other complex ways. In RA, there
have only been 2 pain questionnaires that have achieved wide-
spread, indeed almost universal use, the VAS pain intensity
scale and the SF-36 bodily pain scale. The SF-36 pain scale is
based on a 6-category pain intensity and 5-category pain inter-
ference scale. Because the SF-36 is the most widely used
assessment tool in all medical disorders, including RA, the
pain scale is always available in clinical trials and in many
observational studies. The data from our report, however, sug-
gest that the SF-36 pain scale is not nearly as well correlated
with clinical measures as is the VAS scale. We therefore per-
formed the bulk of the analyses in this report using only the
VAS pain scale.

The interpretation of pain scores is primarily related to the
understanding of the direction of causal pathways. We found
that pain intensity increases only slightly with duration of RA,
an amount equal to 0.3 units every 10 years, or an essentially
negligible increase. The behavior of age is somewhat differ-
ent. Pain reaches its maximum between ages 50 and 62 years,
after which it falls from about 4.1 to 3.4 by age 67. This may
be related to changes in physical activity associated with
retirement. However, there are not enough participants to test
the possibility. Overall, however, we can conclude that neither
age nor duration alters clinical pain intensity meaningfully.

However, certain demographic factors do affect pain along
its causal pathway. Pain scores are greater in women, minori-
ties, and those with less education. The causal pathway is less
secure for smoking, marital status, and household income, all
of which are associated with varying levels of pain. But for
these latter variables, the direction of the causal pathway is not
clear, and is likely to be bidirectional. For example, people
with higher levels of pain might be more likely to continue
smoking, be divorced, or earn less income. Studies that try to
explain pain levels on the basis of variables like these, and by
psychological variables, become mired in the problem of
causality.

In RA, however, a theoretical model adds to the under-
standing of pain. In this instance, inflammation in peripheral
joints causes local pain and that pain is reflected in the VAS
pain intensity scale. In the models of this study, peripheral
joint and regional pain explain 44% of the variance in the VAS
pain scale scores, which a sizable amount for self-report vari-
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ables. The addition of demographic variables, which explain
5% of the variance by themselves, adds only 1% to the joint
and regional pain model explanation in a combined model.
Therefore, if 45% of pain variance is explained by sex, educa-
tion, ethnicity, smoking, and involved joints and regional pain,
and 5% by the demographic factors alone, then, on average,
11% of pain score variance is explainable by demographic fac-
tors. The effect of demographic features can be seen most
clearly in the extreme case: a male, Caucasian, nonsmoking
college graduate will have, on average, a pain score that is 2.66
(95% CI –2.90 to –2.41) units lower than the score of a female,
ethnic minority, smoking non-college graduate. While such
cases are rare (7.2% in the current data set), the direction of the
11% variance is observable in clinical practice.

We also tried to understand what an “acceptable” level of
pain is. In this instance we judged acceptable as the level
occurring in patients who were “very satisfied” with their
health. Table 4 suggests that 75% of patients with a “very sat-
isfied” classification will have a pain score of 2.0 or less. If we
restrict the classification to include only those with one or
fewer comorbid conditions, the 75th percentile falls to 1.5.
Considering all of the data in Table 4, we suggest that a level
of 2.0 or less seems to be an appropriate cutpoint. This level
has been suggested by others on the basis of consensus.

Current interest in MCIC derives from the desire to inter-
pret clinical trial results. Empirically, the American College of
Rheumatology improvement criteria take as the minimal level
of improvement a 20% change in pain54. However, this change
level is based on consensus rather than patients’ preferences.
Clinically important changes are those that are important to
the patient. MCIC, however, is a function of the starting pain
level (Figure 4), whether the change is toward improvement or
toward worsening, whether the pain is acute or chronic, and
whether the setting is a clinical trial, a clinical practice setting,
or an observational study, among other factors55. In this report
we approached the MCIC in 2 ways. First, we determined the
level of pain that was associated with a one-unit change in
health status. As can be seen in the upper curved line of Figure
4, MCIC is lowest at low baseline levels of pain and highest at
high baseline levels. As a practical compromise, we rounded
the MCIC to the nearest 0.5. That resulted in an MCIC for
improvement of 0.5. The MCIC for worsening also works out
to about 0.5. However, an asymmetry between improvement
and worsening that has been noted by others56 can be seen in
the upper and lower curved lines. On average, the MCIC rep-
resents a change of approximately 13%. We also estimated the
MCIC to be 1.1 by determining the SEM. The SEM is close to
a half a standard deviation change, which is close to the aver-
age MCIC in many studies52.

MCIC for pain improvement and worsening was deter-
mined by interview byWells, et al56, and was 6% for improve-
ment and 16% for worsening. In an osteoarthritis clinical trial,
the minimal clinically important improvement for pain was
found to be between –1.9 units (–40.8%) and –1.5 units

(–32.0%) for pain, using a 5-point Likert scale at the final visit
as a method of determining pain at the minimal response
level57. In the setting of acute pain, 2 emergency room studies
found a change of 1.3 units to be the minimal change in acute
pain that was clinically significant58,59. Lee, et al also found
in an emergency room setting that a 3.0-unit change indicated
adequate pain relief60. Because clinical trials may have inflat-
ed responses, we advise that the MCIC be interpreted by sub-
tracting the comparison group response. However, it is
extremely important to understand that MCIC from RCT and
observational studies are likely to be quite different, as
responsiveness in RCT is considerably greater than in obser-
vational studies owing to the nature of RCT design.

Finally, we were able to apply the MCIC information to the
result of anti-TNF therapy, Overall, the average reduction in
pain of 0.51 units indicated that this therapy satisfied the
MCIC criterion developed from NDB data in the setting of
clinical practice.

In our study we used a simple horizontal VAS. However,
different types of VAS pain scales can yield different results,
depending on the marking, anchors, and orientation of the
scale. Paul-Dauphin and colleagues studied simple, middle-
marked, graphic rating, graduated, graduated-numbered, and
numerical rating scales in horizontal and vertical orienta-
tions61. They noted that scale characteristics influenced the
proportion of zero and low values, although not mean scores.
In addition, these differences influenced cross-sectional preci-
sion, but not the precision of measurement of change over
time. VAS pain can also differ depending on whether patients
are allowed to see their previous scores. In our study, patients
did not see their previous scores.

The VAS pain scale is superior to the SF-36 scale. The
MCIC for pain is approximately 0.5 to 1.1 in observational
studies. The level of pain does not change importantly as a
function of age or RA duration. Joint and regional pain sites,
together with demographic characteristics, explain 45% of
pain variance, and demographics explain 5%, or 11% of
explainable variance. “Acceptable” levels of pain are approxi-
mately ≤ 2.0.
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