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ABSTRACT. ObjectiveTo evaluate the utility of the duration of morning stiffness (MS), as a patient-reported out-
come (PRO), in assessing rheumatoid arthritis (RA) disease activity.
Methods.We acquired information on 5439 patients in QUEST-RA, an international database of
patients with RA evaluated by a standard protocol. MS duration was assessed from time of waking
to time of maximal improvement. Ability of MS duration to differentiate RA activity states, based
on Disease Activity Score (DAS)28, was assessed by analysis of variance; and a receiver-operating
characteristic (ROC) curve was plotted for discriminating clinically active (DAS28 > 3.2) from less
active (DAS28 < 3.2) RA. Mixed-effect analysis of covariance (ANCOVA) models were used to
assess the utility of adding MS duration to Routine Assessment of Patient Index Data (RAPID)3, a
PRO index based on physical function, pain, and general health (GH), in predicting the 3-variable

DAS28 (DAS28v3).

Results.MS duration had moderate correlation (r = 0.41-0.48) with pain, Health Assessment
Questionnaire, and GH; and weak correlation (r = 0.23—0.39) with joint counts and erythrocyte sed-
imentation rate. MS duration differed significantly among patients with different RA activity (p <
0.001). The area under the ROC curve of 0.74 (95% CI 0.72—0.75) showed moderate ability of MS
duration to differentiate clinically active from less active RA. ANCOVA showed significant inter-
active effects between RAPID3 and the MS duration categories (p = 0.0005) in predicting DAS28v3.
The effect of MS was found to be clinically important in patients with the low RAPID3 scores (< 6)
in whom the presence of MS may indicate clinically active disease (DAS28v3 > 3.2).
Conclusion.MS duration has a moderate correlation with RA disease activity. Assessment of MS
duration may be clinically helpful in patients with low RAPID3 scores. (First Release Oct 15 2009;
J Rheumatol 2009;36:2435-42; doi:10.3899/jrheum.081175)
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Stiffness in the joints after periods of rest is commonly
experienced by patients with rheumatoid arthritis (RA) and
is assessed clinically by morning stiffness (MS). Morning
stiffness is listed in classification critetiand is a compo-

nent of American College of Rheumatology (ACR) remis-

SEVERITY OF ILLNESS INDEX

QUESTIONNAIRES
MORNING STIFFNESS

sion criteria for RA&. Recognition of MS as a common
symptom of RA led to the suggestion that MS might be use-
ful for differentiating RA from noninflammatory joint dis-
eased However, MS was found to have poor discrimina-
tive ability in differentiating such conditions from RA->
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Further, more than one-third of individuals older than 50 counts and how well it differentiates disease activity states
years without RA report MS of > 15 mfnMorning stiffness using such an index. MS duration is easily amenable to
used to be included as a common outcome measure in RAassessment as a PRO. However, there are no data whether
clinical trials’. Although recent clinical trials of RA do not  addition of MS duration to a composite PRO index based on
include MS as an outcome measure, it is still commonly ACR core data set will improve RA disease activity
used as an eligibility criterion for participati&in assessment.

In clinical practice, MS assessment is used as one of the The purpose of our study was to clarify the utility of
indicators of RA disease activity. The 2002 ACR guidelines assessing MS in routine clinical practice. Our primary aim
for the management of RA recommend assessment of MSwas to correlate the severity of MS (as assessed by duration)
duration as one of the variables for evaluation of the diseasewith activity of RA as assessed by a DAS28, and whether
activity®. The Rheumatoid Arthritis Disease Activity Index MS duration differentiates the disease activity categories
(RADAI) 19, one of the 6 composite indices recommended (remission, low, moderate, and high) as classified by
for RA activity assessment in the updated 2008 ACR treat- DAS28. The secondary aim was to assess utility of addition
ment guidelines for RA, has MS duration as one of its of MS duration to Routine Assessment of Patient Index Data
components. MS duration was found to be the second 3 (RAPID3), a composite index based on PRO in the ACR
strongest predictive factor for change of disease-modifying core data set, in assessment of RA disease acfvity
antirheumatic drug therapy in routine clinical care of
patients with RA in a tertiary care centérHowever, the MATERIALS AND METHODS
utility of MS duration as an indicator of inflammatory activ-  Patients QUEST-RAis an international database of 100 non-selected con-
ity of RA has been questioned. In a study with 93 RA secutive RA outpatients in_z 3 rheumatology clinics in severql COLﬁ‘?'tri_es

. S . - . The database was started in 2005 and by January 2008 had information on
patients, there was no significant difference in MS duration

. . . . > 5800 patients from 24 countriés The patients were assessed by a stan-
between active and inactive disease as assessed by thelard protocol to evaluate FA

treating phySICI.aﬁ In a cohort pf 337 patl_ents with early Clinical information.Demographic information and clinical characteristics
RA, MS duration was associated at higher level with of RAwere obtained from the database. Duration of RAwas categorized as
patient-reported measures such as functional status, paingarly (< 2 yrs) or late (> 2 yrs). MS duration (in min) was queried in the
and patient's assessment of general health (GH) than jointpatient self-report questionnaire from the time of waking up to the time to
. - maximal improvement in the stiffness that was experienced over the last
,Counts and erythrocyte _Sedlmentatlon rate (E,SR)’ SnggeSt'week. For statistical analyses, MS duration was categorized as none, mild
mg_that MS may be an inadequate markgr of mflammatory (1-30 min), moderate (31-60 min), and severe (> 60 min). Functional sta-
activity!3, Removal of MS as a selection criterion for tus was assessed by Health Assessment Questionnaire (HAQ; mini-
“active RA” in clinical trials has been advocated since it had mum-maximum: 0-3). The psychological HAQ (PSHAQ; minimum-max-

little effect on classification of patients as having active or mum: 0-3) was used to evaluate psychological distfesain, fatigue,
inactive diseadd GH, and evaluator global assessment were assessed on 0—10 cm visual ana-

. ' . . o log scale (VAS). RAPID3 was calculated by adding HAQ score (after mul-
No single variable is considered sufficient to assess RA tiplying by 3.33 to convert scores to a 0-10 scale), pain and GH VAS

disease activity. Composite indices [Disease Activity Score scores. The scores of < 3, 3-6, 6.1-12, and > 12 have been proposed to rep-
(DAS), Simplified Disease Activity Index (SDAI), and resent “near remission” and low, moderate, and high RA activity, respec-

LT . . ' _ tively?2. Tender and swollen joint counts (28 joints) were assessed by the
C“n!c,al Disease ACtIVIty_ I,ndex (CDAI)] derived from ten treating physician. ESR was obtained and DAS28 scores were calculated
der joint count, 5W0|_|en Jjoint count, an aCUte'phase reactantyy the formula 0.56¢ sqrt(tender28) + 0.2& sqrt(swollen28) + 0.70¢
(except CDAI), patient assessment of GH (in DAS) or In(ESR) + 0.014x GH'®. Since DAS28 and RAPID3 have GH as a com-
patient global assessment of disease activity (PGA; in SDAI mon variable, we used DAS28 scores based on 3 variables (DAS28v3), as
and CDAI), and evaluator’s global assessment of diseasecalculated by the formula [0.56 sqrt(tjc28) + 0.28x sqrt(sjc28) + 0.70¢

L. . . IN(ESR)] x 1.08 + 0.16, when assessing the utility of adding MS duration
activity (EGA; in SDAI and CDAI), have been extensively to(RAPHDSB. W g the Uity "9 wret

validated for assessment of RA disease activity. RA disease activity was classified according to DAS28 score as remis-
However, formal quantitative joint counts, an integral part sion (< 2.6), low (2.6 to < 3.2), moderate (3.2 <to < 5.1), and high (> 5.1).
of these indices. are frequently not performed in routine The current paradigm of RA management advocates aggressive treatment
s - .48 R to achieve low disease activity stateWe also classified RA as clinically
C“n_lcal practlcé . Composite |nd|ges based SOIely on 3 active (DAS28 score > 3.2), indicating moderate or high disease activity,
patler_lt-reporte_d OUtCC_’meS (PRO) in the ACR core data S_Etand clinically less active (DAS28 score < 3.2), indicating low disease activ-
(physical function, pain, and PGA or GH) have been vali- ity or remission, to assess the diagnostic accuracy of MS.
dated and shown to effectively differentiate treatment Statistical methodsData were analyzed using SPSS version 11.0 (SPSS
response and be less susceptible to placebo response in rarac., Chicago, IL, USA) and SAS version 9.2 (SAS Institute Inc., Cary, NC,
domized controlled trials of R¥.20 They have also been YSA). The variables with skewed distribution (MS duration, tender joint
shown to predict institution of tumor necrosis factor count, swollen joint count, and ESR) were square-root transformed.

. L . ith BA Relationships between MS duration and demographic and disease activity
inhibitor therapy and mortality in patients with KA There variables were analyzed by calculating Pearson’s correlation coefficient.

are no data about correlation of MS duration with a com- vajues of Pearson’s correlation coefficient values were interpreted as rep-
posite RA disease activity index based on quantitative joint resenting slight (< 0.2), low (0.2-0.4), moderate (0.4-0.7), high (0.7-0.9),
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and very high (> 0.9) correlation between variaBfe®istribution of fre- available. Patients whose MS information was available did
quency of MS duration according to RA disease activity by DAS28 score not differ in DAS28 scores (4.24 vs 4.13; p = 0.2) and EGA
was assessed. Differences in MS duration were compared with Student’srating (2.9 vs 2.8; p = 0.62) compared to those with missing

t-test when there were 2 groups. Analysis of variance (ANOVA) was used MS information. However. patients with MS missing infor-
to study whether MS duration differed among RA disease activity states. ’ P 9

Pairwise comparisons, among different RA activity states, were made using Mation had higher age (mean age 60 Vs 56 yrs; p < 0.001),
Tamhane’s T2 post-hoc test since there was unequal variance between difHAQ score (1.11 vs 1.01; p = 0.02), pain level (4.5vs 4.1; p
ferent activity state groups. A receiver-operating characteristic (ROC) = 0_003), and GH score (4.3 vs4.1;p= 0_03)_ A|th0ugh sta-
curve to assess diagnostic utility of MS duration to differentiate clinically tistically significant we considered these differences to be
active from less active RA was plotted. The area under the ROC curve indi- small and not cIinicaIIy relevant. Patient characteristics are

cates overall accuracy in discriminating 2 categorical states and varies from h . bl h . | di
0.5 to 1.0, where an area of 0.5-0.7 indicates low accuracy, 0.7-0.9 mod- SNOWn In Table 1. The patients were mostly women and in

erate accuracy, and > 0.9 high accufdc¥o further clarify clinical utility the age group that is typical for RA. Eight hundred thirty
of MS duration assessment, positive likelihood ratios for assessing pres- patients (14.2%) had early RA. Table 2 shows the correla-
ence of active RA for each of its 4 categories were calculated. tion of MS duration with different RA variables. There was
Mixed-effect analysis of covariance (ANCOVA) models were used to : : ; ;
assess the utility of adding MS duration to RAPID3 with DAS28v3 as maderate correlation of MS duration with .pam, HAQ S.C0re’
dependent variable. To adjust for potential cultural effects, country of ori- GH, RAPID3, and DAS28. The correlation with fat|gue,
gin was included in these models as a random effect. MS duration was PSHAQ, EGA, joint counts, and ESR was weak. There was
included as a categorical variable with the following groupings: 0 min, no significant difference in MS duration between sexes (p =
1-30 min, 31-60 min, and > 60 min. The RAPID3 variable was included in 0.47) and those with early or late RA (p = 0.25).
the model as a continuous variable. The interaction between MS duration o . . .
and RAPID3 was also evaluated. To further understand the role of individ- The distribution of MS duration amo”g dlﬁerenF RA
ual PRO, a mixed-effect ANCOVA model was used to assess the strength aCtivity states assessed by DAS28 scores is shown in Table
of association of MS duration and PRO in the RAPID3 (GH, HAQ, and 3, indicating that as RA activity increases, the percentage of
pain) with DAS28v3. All 2-way interactions involving MS duration were  patients with longer MS duration increases. MS duration
examined. Interactions not significant at the 0.10 level were removed, one differed significantly among patients with different RA dis-

at a tlme,, in a_backward_ ellmlna_tlt_)n fashion. Finally, Pea_rsons and ease activity states by ANOVA test [F(3,5226) =273.8,p<
Spearman’s partial correlation coefficients were used to describe the asso-

ciation between DAS28v3 and MS duration (continuous), GH, HAQ, and 0-001]_- A'S.Shown i'." Table 4, all the _disease activity groups
pain. The correlation between DAS28v3 and a predictor variable was had significantly different MS duration by Tamhane’s T2

adjusted for the remaining predictors. test. The difference was smallest between the remission and
low disease activity states. The difference in median MS
RESULTS duration between clinically active and less active RAwas 40

The QUEST-RA database had 5848 patients from 24 coun-min. Figure 1 shows the ROC curve to assess accuracy of
tries at the time of analysis. This report includes 5439 (93%) MS duration to differentiate active from inactive disease.
patients on whom the information on MS duration was The area under the curve (AUC) is 0.74 (95% confidence

Table 1. Demographic characteristics and rheumatoid arthritis (RA) related disease variables.

Characteristic n % Mean (SD) Median (Q1-Q3)
Age, yrs 5432 56.1 (13.8) 57.0 (47.2-66.2)
Sex, female 5400 79

Disease duration, yrs 5439 11.2 (9.7) 8.6 (3.7-16)
RF-positive 5338 73

Morning stiffness duration, min 5439 54.6 (73.8) 30 (0-60)
HAQ score, 0-3 5426 1.0 (0.77) 1.0 (0.37-1.5)
Pain score, 0-10 cm VAS 5387 4.1(2.7) 4.1(1.8-6.2)
GH, 0-10 cm VAS 5486 4.1 (2.6) 4.2 (1.9-5.9)
EGA, 0-10 cm VAS 5346 2.9 (2.4) 2.4 (0.8-4.7)
Fatigue, 0-10 cm VAS 5362 4.4 (2.9) 4.5(1.9-6.8)
TJC, 0-28 5393 6.6 (7.5) 4 (1-10)
SJC, 0-28 5389 4.3 (5.4) 2 (0-7)
ESR, mm/h 5127 29 (25.5) 22 (12-40)
PSHAQ score, 0-3 5409 0.8 (0.7) 1(0-1)
DAS28v3 5230 4.2 (1.7) 4.2 (2.9-5.5)
RAPID3, 0-30 5349 11.6 (6.9) 11.4 (6.2-16.7)

Q1-Qa3: first to third quartile; RF: rheumatoid factor; HAQ: Health Assessment Questionnaire; VAS: visual ana-
log scale; GH: patient’s assessment of general health; EGA: evaluator’'s assessment of global disease activity;
TJC: tender joint count, SJC: swollen joint count, ESR: erythrocyte sedimentation rate; PSHAQ: Psychological
HAQ; DAS28: Disease Activity Score 28-joint count; RAPID3: Routine Assessment of Patient Index Data 3.
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Table 2. Correlations between duration of morning stiffiieasd other RA
variables.

Feature Correlation Coefficient
Age —0.03*
Duration of disease 0.01
HAQ 0.43**
Pain 0.48**
GH 0.41**
Fatigue 0.39**
EGA 0.39**
TJC2¢ 0.39%*
sJjcz8 0.33*
ESR' 0.23**
PSHAQ 0.28**
DAS28 0.46**
RAPID3 0.51**

T Variables tested after square-root transformation. * p < 0.05; ** p <
0.001. RA: rheumatoid arthritis; HAQ: Health Assessment Questionnaire;
GH: patient’'s assessment of general health; EGA: evaluator’s assessmen
of global disease activity; TJC28: tender joint count 28; SJC28: swollen
joint count 28; ESR: erythrocyte sedimentation rate; PSHAQ: psychologi-
cal HAQ; DAS28: Disease Activity Score 28-joint count; RAPID3:
Routine Assessment of Patient Index Data 3.

interval 0.72-0.75). There was no significant difference
among patients with early and late RA (data not shown).
Table 5 shows likelihood ratios of having active disease for
different MS duration categories.

The results of a test for fixed effects in an ANCOVA to
understand the role of addition of MS duration to RAPID3
in predicting DAS28v3 are shown in Table 6. MS duration
was significantly associated with DAS28v3. A highly sig-
nificant interactive effect between RAPID3 and MS dura-
tion categories was revealed. This implies that for each MS

t

The significant interaction also implies that differences
between MS duration categories with respect to mean
DAS28v3 values depend on RAPID3 values. Estimates of
DAS28v3 means for the MS duration categories are pre-
sented for several RAPID3 values in Table 8. These results
are clinically important at the RAPID3 scores (< 6) that are
considered to represent low disease activity. In patients with
the low RAPID3 scores, presence of MS may indicate pres-
ence of clinically active disease (DAS28v3 > 3.2). At high-
er RAPID3 scores, patients are likely to have clinically
active disease irrespective of the MS duration.

The results of test for fixed effects in an ANCOVA to
better understand the contribution of MS duration and
individual PRO in RAPID3 are shown in Table 9. HAQ was
the strongest variable, followed by pain, MS duration,
and GH for association with DAS28v3 scores. The
pain-by-MS-duration interaction contributed significantly to
the model (p = 0.01), while the HAQ-by-MS interaction was
not quite significant (p = 0.052). The effect of MS duration
is complex and difficult to quantify, as it depends on both
pain and HAQ values. What is clear is that MS duration con-
tributes significantly to the model. Table 10 shows results of
partial correlation between DAS28v3 with MS duration and
RAPID 3 variables. HAQ has the strongest association with
DAS28v3 after adjustment for GH, pain, and MS duration.
The partial correlations for MS duration and pain are essen-
tially the same, while GH appears to contribute the least.

DISCUSSION

In this study, we showed that MS duration correlates better
with physical function, pain, and GH than with quantitative
joint counts and ESR. This is consistent with the findings of
a previous repott. MS duration correlates with the degree

category there is a separate line that describes the relationof inflammatory activity in patients with RA and has mod-

ship between RAPID3 and DAS28v3 as shown in Table 7.

erate accuracy in distinguishing clinically active from inac-

Table 3. Distribution of morning stiffness duration according to the RA severity as assessed by Disease Activity

Score 28-joint count (DAS28).

RA Activity n 0 min 1-30 min 31-60 min > 60 min
Remission, n (%) 1016 630 (62.0) 249 (24.5) 73(7.2) 64 (6.3)
Low, n (%) 578 264 (45.7) 189 (32.7) 68 (11.8) 57 (9.9)
Moderate, n (%) 1959 554 (28.3) 637 (32.5) 340 (17.4) 428 (21.8)
High, n (%) 1677 198 (11.8) 421 (25.1) 372 (22.2) 686 (40.9)
Total, n (%) 5230 1646 (31.5) 1496 (28.6) 853 (16.3) 1235 (23.6)

Table 4. Pairwise comparison of morning stiffness duration in patients with different rheumatoid arthritis activ-
ity. Values represent mean difference in morning stiffness duration (95% confidence interval for mean differ-

ence, p).

RA Activity High Moderate Low

Remission 71.4 (64.8-78.0,<0.001) 33.2(27.8-38.6, < 0.001) 8.9 (2.5-15.2, 0.001)
Low 62.6 (54.9-70.2,<0.001) 24.3(17.7-30.9), <0.001)

Moderate 38.2 (31.4-45.0, < 0.001)
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1.00 have been implicated in derangement of the HPA axis,
resulting in earlier than normal peak in serum cortisol and
inappropriately low or normal cortisol levels in relation to
the degree of inflammation due to RA activify A modi-
751 fied-release form of prednisone that seeks to restore the nor-
mal circadian rhythm of endogenous cortisol has been
shown to significantly improve MS duration without affect-
ing other RA variables and disease acti¥#yT his is in con-
cordance with our finding that MS duration has a moderate
correlation with RA disease activity.
There is dearth of data on the actual effect of MS on
25 patients with RA, although a recent study showed that
severe baseline MS (by VAS) in patients with early RA was
AUC: 0.74 e )
95% CI: 0.72-0.75 predictive of premature retirement. However, when DAS28
and HAQ scores were entered into the analysis, MS lost its
predictive powet*. Our data do not address this aspect of
MS. There is a need to identify which groups of patients are
1 - Specificity significantly affected and in what manner by MS before
Figure 1.Receiver-operating characteristic (ROC) curve for moming stiff-  USING it s a therapeutic target.
ness duration to distinguish active from inactive disease. AUC: area under ~ Quantitative joint counts are commonly not performed,
the curve. and frequently the acute-phase reactants are unavailable
during the patient’s assessment in routine clinical practice.
tive RA. MS duration made a significant independent con- This has driven the interest in development of composite
tribution and showed an interactive effect with RAPID3 in indices based solely on PRO variables to improve the feasi-
predicting DAS28v3. As an individual PRO, MS duration bility and efficiency of quantitative RA activity assessment
contributed more than GH in predicting DAS28v3. Partial in a standardized manner. Resources (time and personnel)
correlation statistics also showed MS duration to have are limited in clinical practice. Assessment of RA variables
stronger correlation with DAS28v3 than GH. that provide maximum information about disease activity in
Morning stiffness is a complex symptom. Most patients a non-overlapping manner would facilitate most efficient
describe MS either alone or as a combination of difficulty use of clinical resources. As MS duration can easily be
moving, pain, or abnormal sensation of tightrfe¥$sAll our inquired in a standardized manner by a patient question-
patients were assessed by a standard self-report questionraire, we were particularly interested in assessing its possi-
naire, ensuring consistency in information collected. The ble value as part of a composite PRO index. We did this
guestionnaire assessed the MS duration from time of wakingindirectly by assessing whether addition of MS duration to
up to its maximal improvement. This manner of assessing RAPID3 improved its correlation with and prediction of
MS duration has been shown to have the least daily intra- DAS28v3 scores. We used DAS28v3 instead of DAS28
individual variability and to be the best indicator of average based on 4 variables to avoid confounding by GH as a com-
MS duration experienced by the patight mon shared variable. The results showed that MS duration
The pathophysiology of MS in RA has been linked to made significant important contribution in addition to
abnormalities in circadian rhythm of the hypothalamic-pitu- RAPID3 in explaining DAS28v3 variance. However, a
tary-adrenal (HPA) axis. Abnormally high levels of highly significant interaction between MS duration and
cytokines like interleukin 6 and tumor necrosis faator- RAPID3 implies that the effect of MS duration on DAS28v3

.50

Sensitivity

0.00 , ‘ ‘
0.00 25 50 75 1.00

Table 5. Positive likelihood ratios for having active rheumatoid arthritis with different durations of morning

stiffness.

Morning Stiffness Active Diseasé Less Active Diseade Positive Likelihood
Duration, min n (%) n (%) Ratio (95% CI)
0 752 (21) 894 (59) 0.35 (0.32-0.38)
1-30 1058 (29) 352 (24) 1.06 (0.96-1.16)
31-60 712 (19) 141 (9) 2.21 (1.87-2.63)
> 60 1114 (31) 121 (8) 4.04 (3.38-4.82)
Total, n 3636 1508

T Active disease (DAS 28 > 3.2) and less active disease (DAS28 < 3.2). DAS: Disease Activity Score.
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Table 6. Type 3 tests of fixed effects in analysis of covariance to assess the
utility of adding morning stiffness (MS) duration to RAPID3 in predicting
the DAS28v3.

Table 9. Type 3 test of fixed effects for an analysis of covariance model
with DAS28v3 as dependent variable that includes morning stiffness (MS)
duration and individual RAPID3 variables.

Effect! NDF DDF F value p

MS duration 3 5120 35.6 <0.0001
RAPID3 1 5133 742.8 <0.0001
RAPID3*MS 3 5119 5.92 0.0005

T Country of origin was included as a random effect to adjust for cultural
effects. MS duration is included as a categorical variable with the follow-
ing groupings: 0 min, 1-30 min, 31-60 min, and > 60 min. The RAPID3
variable was included in the model as a continuous variable. NDF: nhumer-
ator degree of freedom; DDF: denominator degree of freedom; DAS28v3:
Disease Activity Score 28 based on 3 variables; RAPID3: Routine
Assessment of Patient Index Data 3.

Table 7. Linear regression equations for each category of morning stiffness
(MS) duration describing relationship between DAS28v3 and RAPID3.

MS Duration, Equation p

min

0 DASv3 = 2.759 + 0.1293*RAPID3 <0.001
1-30 DASv3 = 3.189 + 0.1077*RAPID3 <0.001
31-60 DASvV3 = 3.692 + 0.0833*RAPID3 <0.001
> 60 DASV3 = 3.637 + 0.1063*RAPID3 <0.001

DAS28v3: Disease Activity Score 28 based on 3 variables; RAPID3:
Routine Assessment of Patient Index Data 3.

depends upon level of RAPID3. We estimated DAS28v3 at
several RAPID3 levels to understand the clinical implica-
tions of these results. Our findings are clinically relevant for

Effect NDF DDF F value p

MS duration 3 5112 36.9 < 0.0001
HAQ 1 5112 249.4 <0.0001
Pain 1 5112 93.9 < 0.0001
GH 1 5112 13.3 0.0003
HAQ*MS 3 5112 2.02 0.0519
Pain*MS 3 5112 2.37 0.0104

NDF: numerator degree of freedom; DDF: denominator degree of free-

dom; DAS28v3: Disease Activity Score 28 based on 3 variables; RAPID3:

Routine Assessment of Patient Index Data 3; HAQ: Health Assessment
Questionnaire; GH: general health.

Table 10. Partial correlation coefficients between DAS28v3 and general
health (GH), HAQ, pain, and morning stiffness (MS) duration.

Partial Correlation Coefficients

Predictor Pearson’s Spearman’s p

GH 0.0836 0.0732 <0.001
HAQ 0.2621 0.2589 <0.001
Pain 0.1696 0.1543 <0.001
MS duration 0.1348 0.1678 <0.001

DAS28v3: Disease Activity Score 28 based on 3 variables; HAQ: Health
Assessment Questionnaire; GH: general health.

cause changes in DAS¥8 Nevertheless, DAS28 has been
extensively validated in both clinical trials and clinical prac-

patients with low RAPID3 scores (< 6). In these patients, tice, and is significantly correlated with disability and radio-
assessment of MS duration would be valuable and may leadgraphic progressicH.

to change in assessment of level of RA activity. For patients

with higher RAPID3 scores, RA activity remains clinically
unchanged irrespective of MS duration.
We recognize several limitations of our findings. First,

Second, our data were collected from a very diverse
range of patients in many countries. Although collected in a
standardized manner, it is possible that socioeconomic and
cultural factors may have affected the assessment, particu-

we have used DAS28 as a surrogate for RA disease activity.larly of the PRO. On the other hand, our results derived from
Although widely used, DAS28 may not be a completely a diverse group of patients with RA are more generalizable.
accurate measure of inflammatory activity of RA. A patient While not a perfect solution, we did use mixed-effect
may have tenderness or swelling in several joints while hav- ANCOVA models with country of origin as a random effect
ing a DAS28 in the “remission” state DAS28 is also more  to adjust for potential cultural effects.

sensitive to ESR, and clinically small changes in ESR may  Third, we assessed MS in the form of a time interval. The

Table 8. Estimates of mean DAS28v3 of categories of morning stiffness duration at several levels of RAPID3.
Values are estimated mean (95% confidence interval).

RAPID3 Morning Stiffness duration, min

0 1-30 31-60 > 60
1 2.89 (2.62-3.16) 3.30 (3.02-3.57) 3.77 (3.46-4.09) 3.74 (3.43-4.05)
3 3.15 (2.89-3.41) 3.51 (3.24-3.78) 3.94 (3.64-4.24) 3.96 (3.66—4.25)
6 3.54 (3.28-3.79) 3.83 (3.57-4.10) 4.19 (3.91-4.47) 4.27 (4.00-4.55)
12 4.31 (4.04-4.58) 4.48 (4.22-4.74) 4.69 (4.43-4.96) 4.91 (4.65-5.17)
20 5.34 (5.03-5.66) 5.34 (5.05-5.64) 5.36 (5.05-5.66) 5.76 (5.48-6.04)

DAS28v3: Disease Activity Score 28 based on 3 variables; RAPID3: Routine Assessment of Patient Index Data 3.
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2002 ACR guidelines for management of RAdo recommend 11.

collecting MS information in the form of duratién
However, MS has also been evaluated by other means, such
as assessing severity by VAS and a numerical rating

scalé®38 Compared with MS duration, MS by VAS has 12.

been reported to have a normal distribution, better correla-
tion with RA disease activity, and more responsiveness to
treatment effeét. MS assessment by severity scale may
need to be studied for its possible utility as a component of
a PRO index.

Fourth, our data are based on cross-sectional assessment4.

of patients with RA. We cannot comment upon the respon-
siveness of MS duration to effective treatment.

Finally, it is important to stress that we assessed the role |5

of MS duration in patients with an established RA diagno-
sis. MS duration has been shown to be predictive of devel-
opment of persistent arthritis, and erosive arthritis in
patients presenting with early undifferentiated arthistis
Our results do not preclude other possible applications of
MS duration in inflammatory arthritis.

In conclusion, we found that duration of MS correlates 17,

better with other PRO than joint counts and ESR. As an indi-
vidual variable, the duration of MS had a moderate ability to
differentiate active from inactive RA. Assessment of dura-
tion of MS in patients with low RAPID3 scores may be clin-
ically relevant.

19.

REFERENCES
1. Arnett FC, Edworthy SM, Bloch DA, McShane DJ, Fries JF,
Cooper NS, et al. The American Rheumatism Association 1987
revised criteria for the classification of rheumatoid arthritis.

Arthritis Rheum 1988;31:315-24. 20.

2. Pinals RS, Masi AT, Larsen RA. Preliminary criteria for clinical
remission in rheumatoid arthritis. Arthritis Rheum
1981;24:1308-15.

3. Cobb S, Warren J, Thompson D, Ciocco A. The epidemiology of 21.

rheumatoid arthritis, with particular reference to the importance of
morning stiffness. Pa Med J 1954;57:37-9.

4. Hazes JM, Hayton R, Silman AJ. A reevaluation of the symptom of ~ 22.

morning stiffness. J Rheumatol 1993;20:1138-42.

5. YaziciY, Erkan D, Peterson MG, Kagen LJ. Morning stiffness: how
common is it and does it correlate with physician and patient global
assessment of disease activity? J Rheumatol 2001;28:1468-9.

6. Sokka T, Makinen H, Hannonen P, Pincus T. Most people over age

50 in the general population do not meet ACR remission criteria or ~ 23.

OMERACT minimal disease activity criteria for rheumatoid
arthritis. Rheumatology 2007;46:1020-3.

7. Gotzsche PC. Sensitivity of effect variables in rheumatoid arthritis:
a meta-analysis of 130 placebo controlled NSAID trials. J Clin

Epidemiol 1990;43:1313-8. 24.

8. Sokka T, Pincus T. Most patients receiving routine care for
rheumatoid arthritis in 2001 did not meet inclusion criteria for most
recent clinical trials or American College of Rheumatology criteria

for remission. J Rheumatol 2003;30:1138-46. 25.

9. American College of Rheumatology Subcommittee on Rheumatoid
Arthritis Guidelines. Guidelines for the management of rheumatoid
arthritis: 2002 update. Arthritis Rheum 2002;46:328-46.

10. Fransen J, Langenegger T, Michel BA, Stucki G. Feasibility and 26.

validity of the RADAI, a self-administered rheumatoid arthritis
disease activity index. Rheumatology 2000;39:321-7.

16.

Saag KG, Teng GG, Patkar NM, Anuntiyo J, Finney C, Curtis JR,
et al. American College of Rheumatology 2008 recommendations
for the use of nonbiologic and biologic disease-modifying
antirheumatic drugs in rheumatoid arthritis. Arthritis Rheum
2008;59:762-84.

Soubrier M, Zerkak D, Gossec L, Ayral X, Roux C, Dougados M.
Which variables best predict change in rheumatoid arthritis therapy
in daily clinical practice? J Rheumatol 2006;33:1243-6.

Yazici Y, Pincus T, Kautiainen H, Sokka T. Morning stiffness in
patients with early rheumatoid arthritis is associated more strongly
with functional disability than with joint swelling and erythrocyte
sedimentation rate. J Rheumatol 2004;31:1723-6.

Kingsley GH, Khoshaba B, Smith CM, Choy EH, Scott DL. Are
clinical trials in rheumatoid arthritis generalizable to routine
practice? A re-evaluation of trial entry criteria. Rheumatology
2005;44:629-32.

Prevoo ML, van ‘t Hof MA, Kuper HH, van Leeuwen MA, van de
Putte LB, van Riel PL. Modified disease activity scores that include
twenty-eight-joint counts. Development and validation in a
prospective longitudinal study of patients with rheumatoid arthritis.
Arthritis Rheum 1995;38:44-8.

Smolen JS, Breedveld FC, Schiff MH, Kalden JR, Emery P, Eberl
G, et al. A simplified disease activity index for rheumatoid arthritis
for use in clinical practice. Rheumatology 2003;42:244-57.
Aletaha D, Nell VP, Stamm T, Uffmann M, Pflugbeil S, Machold

K, et al. Acute phase reactants add little to composite disease
activity indices for rheumatoid arthritis: validation of a clinical
activity score. Arthritis Res Ther 2005;7:R796-806.

Pincus T, Segurado OG. Most visits of most patients with
rheumatoid arthritis to most rheumatologists do not include a
formal quantitative joint count. Ann Rheum Dis 2006;65:820-2.
Pincus T, Amara |, Segurado OG, Bergman M, Koch GG. Relative
efficiencies of physician/assessor global estimates and patient
questionnaire measures are similar to or greater than joint counts to
distinguish adalimumab from control treatments in rheumatoid
arthritis clinical trials. J Rheumatol 2008;35:201-5.

Strand V, Cohen S, Crawford B, Smolen JS, Scott DL, Leflunomide
Investigators Groups. Patient-reported outcomes better discriminate
active treatment from placebo in randomized controlled trials in
rheumatoid arthritis. Rheumatology 2004;43:640-7.

Wolfe F, Michaud K, Pincus T. A composite disease activity scale
for clinical practice, observational studies, and clinical trials: the
patient activity scale (PAS/PAS-Il). J Rheumatol 2005;32:2410-5.
Pincus T, Yazici Y, Bergman M. A practical guide to scoring a
Multi-Dimensional Health Assessment Questionnaire (MDHAQ)
and Routine Assessment of Patient Index Data (RAPID) scores in
10-20 seconds for use in standard clinical care, without rulers,
calculators, websites or computers. Best Pract Res Clin Rheumatol
2007;21:755-87.

Sokka T, Kautiainen H, Toloza S, Makinen H, Verstappen SM,
Lund Hetland M, et al. QUEST-RA: quantitative clinical
assessment of patients with rheumatoid arthritis seen in standard
rheumatology care in 15 countries. Ann Rheum Dis
2007;66:1491-6.

Sokka T, Hetland ML, Makinen H, Kautiainen H, Horslev-Petersen
K, Luukkainen RK, et al. Remission and rheumatoid arthritis: Data
on patients receiving usual care in twenty-four countries. Arthritis
Rheum 2008;58:2642-51.

Pincus T, Brooks RH, Callahan LF. A proposed 30-45 minute 4
page standard protocol to evaluate rheumatoid arthritis (SPERA)
that includes measures of inflammatory activity, joint damage, and
longterm outcomes. J Rheumatol 1999;26:473-80.

Pincus T, Sokka T, Kautiainen H. Further development of a
physical function scale on a MDHAQ [corrected] for standard care
of patients with rheumatic diseases. J Rheumatol 2005;32:1432-9.

—| Personal non-commercial use only. The Journal of Rheumatology Copyright © 2009. All rights reserved. |—

Khan, et al: Morning stiffness in RA

2441

Downloaded on April 9, 2024 from www.jrheum.org


http://www.jrheum.org/

27.

28.

29.

30.

31.

32.

33.

O’Dell JR. The BeSt way to treat early rheumatoid arthritis? Ann
Intern Med 2007;146:459-60.

Guilford JP, Fruchter B. Guidelines for interpreting the strength for
values for r. In: Fundamental statistics in psychology and
education. 6th ed. New York: McGraw-Hill; 1977.

Swets JA. Measuring the accuracy of diagnostic systems. Science
1988;240:1285-93.

Rhind VM, Unsworth A, Haslock I. Assessment of stiffness in
rheumatology: the use of rating scales. Br J Rheumatol
1987;26:126-30.

Hazes JM, Hayton R, Burt J, Silman AJ. Consistency of morning
stiffness: an analysis of diary data. Br J Rheumatol 1994;33:562-5.
Straub RH, Cutolo M. Circadian rhythms in rheumatoid arthritis:
implications for pathophysiology and therapeutic management.
Arthritis Rheum 2007;56:399-408.

Buttgereit F, Doering G, Schaeffler A, Witte S, Sierakowski S,
Gromnica-lhle E, et al. Efficacy of modified-release versus
standard prednisone to reduce duration of morning stiffness of the
joints in rheumatoid arthritis (CAPRA-1): a double-blind,
randomised controlled trial. Lancet 2008;371:205-14.

34.

35.

36.

37.

38.

39.

Westhoff G, Buttgereit F, Gromnica-lhle E, Zink A. Morning
stiffness and its influence on early retirement in patients with recent
onset rheumatoid arthritis. Rheumatology 2008;47:980-4.

Makinen H, Kautiainen H, Hannonen P, Sokka T. Is DAS28 an
appropriate tool to assess remission in rheumatoid arthritis? Ann
Rheum Dis 2005;64:1410-3.

van der Heijde DM, Jacobs JW. The original “DAS” and the
“DAS28" are not interchangeable: comment on the articles by
Prevoo et al. Arthritis Rheum 1998;41:942-5.

Fransen J, van Riel PL. The Disease Activity Score and the EULAR
response criteria. Clin Exp Rheumatol 2005;23 Suppl:S93-9.

Vliet Vlieland TP, Zwinderman AH, Breedveld FC, Hazes JM.
Measurement of morning stiffness in rheumatoid arthritis clinical
trials. J Clin Epidemiol 1997;50:757-63.

Visser H, le Cessie S, Vos K, Breedveld FC, Hazes JM. How to
diagnose rheumatoid arthritis early: a prediction model for
persistent (erosive) arthritis. Arthritis Rheum 2002;46:357-65.

—| Personal non-commercial use only. The Journal of Rheumatology Copyright © 2009. All rights reserved. |—

2442

The Journal of Rheumatology 2009; 36:11; doi:10.3899/jrheum.081175

Downloaded on April 9, 2024 from www.jrheum.org


http://www.jrheum.org/

