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Chapter 1

Introduction



Introduction

Rheumatoid arthritis

Rheumatoid arthritis (RA) is a chronic autoimmune disease, which is characterized by
symmetric inflammations of the peripheral joints [1-3]. The course of the disease is highly
variable and has a substantial impact on the physical, psychological, and social health of
the patients and, in turn, on society in terms of health care costs and decreased
productivity. Predominant signs and symptoms of the disease include joint pain, joint
swelling, joint damage or deformations, stiffness, fatigue, diminished physical and social
functioning, and depression [1-6]. The worldwide prevalence rate of RA is estimated to be
around 0.5% to 1.0% of the adult population in developed countries [1, 2, 7, 8], tends to
increase with age, and is higher in females than in males.

Although the precise aetiology of RA remains unknown, the pathogenesis is assumed
to be multifactorial, involving both genetic as well as environmental factors [1, 2, 7, 9].
New insights into the biological mechanisms have resulted in new medicines and drastic
changes in the treatment strategies over the past decade, which have led to significant
improvements in the future prospects of patients. Where previous treatments were
mostly aimed at controlling symptoms and lacked effectiveness in the prevention of joint
destruction and maintenance of functional status, current treatments have a more
aggressive approach aiming to suppress RA disease activity as fast as possible, as
completely as possible, and as long as possible [2, 3]. For this purpose, different relatively
strict monitoring and treatment strategies are used [10, 11]. These strategies emphasize a
strong interference early on in the disease and have proven to be effective in early RA
patients in daily clinical practice [12], resulting in more and faster remissions compared to
usual care. In particular, there are significantly larger improvements in: a) physical
functioning, b) the (reduced) number of tender and swollen joints, and c) the patient-
reported assessments of pain and general health [12].

Disease activity

These disease-activity-driven, or treat-to-target, treatment strategies require optimal
measurement of disease activity. A widely used measure for monitoring disease control is
the Disease Activity Score for 28 joints (DAS28). The DAS28 is a simplified form of its
predecessor, the Disease Activity Score (DAS).

DAS

RA disease activity is a complex and multidimensional construct. Traditionally,
rheumatologists based their clinical judgment of a patient’s disease activity on a
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combination of factors, including laboratory measures, clinical assessments, and
radiographic information [13]. However, this unstructured assessment method resulted in
large discrepancies between rheumatologists and, in an attempt to formalize this process
and reduce discrepancies, a quantitative disease activity index was proposed: the DAS
[13].

Starting with a large collection of previously reported potential markers of disease
activity, factor analysis was used to classify these variables into groups. The factors that
discriminated best between patients with low and high disease activity (as defined by the
rheumatologists’ treatment decisions) were retained and their most influential variables
were extracted using multiple regression analysis. This resulted in a continuous composite
score reflecting a patient’s current disease activity [13], based on (in decreasing
importance) the graded Ritchie score (i.e. a tender joint count in 53 joints), a binary rated
swollen joint count in 44 joints, a non-specific measure of inflammation called the
erythrocyte sedimentation rate, and a patient-reported global assessment of general
health.

DAS28

Though the development of the DAS aided the quantification of a patient’s disease
activity, its practical usefulness in clinical practice was limited due to the elaborate
measurement of all 53 tender and 44 swollen joints. This is not only a tedious and time-
consuming job for the clinician, but for the patient as well. Furthermore, some of the
included joints are very difficult to assess reliably or might show abnormalities because of
processes beyond the rheumatic disease [14-16]. Consequently, several studies examined
the usability of reduced joint counts and found that they were as valid and reliable as
more extensive joint counts [14, 16-19], which led to the development of a modified DAS
score, i.e. the DAS28. The erythrocyte sedimentation rate (ESR) and general health
measure were retained, but the extensive joint counts were reduced to only 28 joints [18].
Figure 1 gives an overview of the joints administered, including the shoulders [2 joints],
elbows [2 joints], wrists [2 joints], metacarpophalangeals (MCPs) [10 joints], proximal
interphalangeals (PIPs) [10 joints], and knees [2 joints] [20]. All joints are measured on a
binary scale, where 0 reflects no pain/no swelling and 1 reflects the presence of
pain/swelling, and are summed into a 28-tender joint count (TJC28) and 28-swollen joint
count (SJC28).

These more or less objective, semi-objective and subjective measures were combined
into a continuous scale of RA disease activity, using the following equation [18, 20]:

DAS28-ESR = 0.56 * \/TJC28 + 0.28 * \/S]C28 + 0.70 * Ln(ESR) + 0.014 * GH.
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The resulting DAS28 score reflects present disease activity, ranging from 0 to
approximately 10, and can be used to classify patients as being in remission [DAS28 <2.6],
or as having low disease activity [2.6 < DAS28 < 3.2], moderate disease activity [3.2 <
DAS28 < 5.1], or high disease activity [DAS28 >5.1] [20].

When following a disease-activity-driven treatment strategy, therapy adjustments
defined by protocol are often based on these resulting DAS28 scores. However, these
DAS28 scores have their limitations. Apart from disease activity, all individual component
scores might be influenced by comorbidities [21-23], joint counts can also be affected by
physician and patient related factors [24], and a patient’s general health rating can be
elevated because of non-inflammatory or personal factors [25]. On a population level the
DAS28 score gives probably a good estimation of disease activity in RA patients but in
individual RA patients inconsistencies can occur. Moreover, a rheumatologist might still
observe disease activity in omitted joints when the DAS28 indicates a state of remission.
Therefore, to better interpret a DAS28 score, it is essential to have thorough insight into
its individual components and their shortcomings.

Shoulders D D

Elbows

Wrists
MCPs 5 1 1 5

Knees

Figure 1 - The 28 joints included in the tender and swollen joint counts of the DAS28.
MCP = metacarpophalangeal, PIP = proximal interphalangeal

Individual components DAS28

Joint counts

RA is an inflammatory disease which predominantly manifests itself in warm, reddish,
painful and swollen joints. Joints are often referred to as the major “organ” involved in RA
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[26, 27]. Consequently, joint counts are considered essential for assessing RA disease
activity. They belong to the core set of disease activity measures and their use is
recommended by the American College of Rheumatology as well as the European League
Against Rheumatism [20, 27, 28].

Since the assessment of all joints is unfeasible and inaccurate in clinical practice,
mainly due to time constraints, reduced joints counts have been proposed over time. The
DAS28 uses 28-joint counts to assess pain and swelling, which have been shown to
correlate strongly with more extensive joint counts [14, 16-19]. Each visit, the presence of
both joint pain and swelling is assessed by a trained rheumatologist or nurse practitioner
by exerting a certain amount of pressure on the patient’s joints. This is called a semi-
objective assessment method because the degree of joint pain depends on the patient’s
pain threshold as well as the amount of pressure exerted by the rheumatologist, whereas
the assessment of joint swelling depends on the physician’s perceptions [24]. Large intra-
and inter-observer variability have been reported in both joints counts, although reliability
was generally found to be higher for the tender joint count [29]. Rating differences might
be explained by factors as the assessors’ levels of training and experience, a lack of
standardization in examination methods, unclear definitions of what a swollen joint looks
like, or the degree of joint deformity [29, 30]. Reliability can be improved by training, the
use of the same assessor at each assessment, or the use of standardized guidelines for
joint assessment [29, 31].

Another issue related to these reduced joint counts concerns the presence of residual
joint activity in omitted joints [32-34], which has raised the question whether the 28-joint
counts are sufficient to reflect a patient’s current disease activity. The omission of certain
joints seems warranted though because of major assessment difficulties or because of
influential processes that go beyond RA. For instance, it is very difficult to assess swelling
in the hip joints, and foot abnormalities might result from fluid retention or wearing the
wrong footwear [14] instead of inflammation. When including these joints, they might
provide relevant clinical information but they might also add unwanted random error
variance to the measurement.

Acute phase reactants

Because RA is an inflammatory disease, it is not surprising that the DAS28 includes an
acute phase reactant as an indicator of disease activity. Even though a single laboratory
measure can only reflect part of the whole inflammatory response, it can be clinically
helpful for evaluating inflammatory severity and for monitoring disease activity over time
[22]. Although the DAS28 was originally developed with the ESR as acute phase reactant, it
has been argued that the C-reactive protein (CRP) might give a better reflection of current
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disease activity because of its faster response to inflammatory stimuli [22, 35].
Consequently, another DAS28 formula was developed using CRP instead of ESR [36]:

DAS28-CRP =0.56 * \/T/C28 + 0.28 * ,/S/C28 + 0.36 * Ln(CRP + 1) + 0.014 * GH + 0.96.

The ability to calculate DAS28 scores based on different acute phase reactants can be
convenient, but it does raise the question whether these two measures can be used
interchangeably because both inflammatory markers measure different aspects of the
disease. Where ESR values are assumed to reflect the patient’s disease activity over the
past few weeks, CRP values may be a better reflection of short-term changes in disease
activity [20, 22, 36, 37].

The ESR is the rate at which red blood cells fall through plasma in a tube of blood in
one hour time. It is an indirect way of screening for elevated concentrations of acute
phase plasma proteins in the blood (e.g. fibrinogen) because these cause the red blood
cells to settle down more rapidly [22]. ESR concentrations respond slowly to inflammatory
stimuli and, consequently, to changes in a patient’s disease activity [22, 35, 37]. The CRP,
on the other hand, is a direct measure of the acute phase reaction [35, 37-39], responding
more rapidly to changes in inflammatory stimuli [22, 35, 37, 39, 40]. It is a protein that is
produced in the liver as a reaction to certain biologic ligands that appear when
inflammation develops [22] and is part of the body’s defense mechanisms against
damaged cells or pathogens. Assessment of both inflammatory markers is relatively easy,
quick, and inexpensive [22, 35, 38-40], but the assessment of the ESR requires a fresh
blood sample [22, 40], while the measurement of CRP can also been performed on stored
frozen specimens in a central laboratory [22, 37, 40].

Their interpretation, however, is complicated by the fact that both are non-specific
acute phase reactants of systemic inflammation, which means that elevated levels are not
necessarily (solely) due to the inflammation of the rheumatic disease but can also be
influenced by other factors. ESR, for instance, can be increased by other inflammatory
conditions and non-inflammatory-related biological phenomena like paraproteinemia,
abnormally shaped or sized red blood cells, changes in plasma composition, anemia,
pregnancy, or certain drugs [22, 35, 37, 39, 40]. CRP production, on the other hand, can be
hampered in liver disease and concentrations can be elevated in the presence of comorbid
diseases like osteoarthritis, gout, and systemic lupus erythematosus, in the presence of
bacterial infections, or because of non-inflammatory influences like sleep deprivation or
unhealthy diets [22]. Finally, some medications, such as tocilizumab, have a direct effect
on CRP production bypassing the disease processes of RA.
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General health

Where the severity and impact of most rheumatic conditions were initially typically
evaluated with clinical measures, patient-reported outcome measures (PROs) have gained
attention since the eighties of the last century [41, 42] and are now even part of the core
set of disease activity measures as defined by the American College of Rheumatology [28]
as well as the ACR/EULAR remission criteria [27]. The DAS28 also includes a patient-
reported outcome measure — a visual analog scale of general health (GH) — which asks the
patient to give an overall assessment of how they currently feel, considering all the ways
in which the RA influences their lives (Figure 2).

very good very bad

Figure 2 — Visual analog scale of general health on which patients indicate how they currently feel,
considering all the ways in which the RA influences their lives.

A visual analog scale can be administered quick and easy, yet score interpretation can be
very difficult because the patient is asked to consider all the ways in which the RA
influences his or her life, touching upon different dimensions of the disease. As defined by
the World Health Organization, health is not merely the absence of disease but involves
the whole spectrum of physical, mental and social wellbeing [43], all of which can affect
the patient’s GH score. Consequently, a score of 20 for one person does not need to have
the same meaning as a score of 20 in another person. The inclusion of the GH component
has often been criticized. It is not only the most subjective component of the DAS28, but
GH scores can also be elevated when none of the other DAS28 components point to an
active disease, possibly due to certain non-inflammatory effects of RA like pain or fatigue
[44]. Additionally, the patient’s perception of health has been shown to differ across
patients with equal DAS28 scores, which might be explained by the occurrence of
response shifts during the disease course [45]. Still, it is believed that (semi-)objective
clinical measures and subjective patient-reported outcome measures address different
aspects of the disease [46] and that both should be administered to evaluate a
multifactorial concept like RA disease activity.

Objective of this thesis

Although the DAS28 has proven its value in rheumatology, several doubts have been
raised about residual disease activity in omitted joints [32-34], the influence of external
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factors on the level of inflammatory markers [22, 47-62], and the inclusion of a subjective
patient-reported outcome measure [44, 45]. The aim of this thesis is to address some of
these issues to improve our understanding of the complexities behind the measurement
of disease activity in early rheumatoid arthritis patients.

Outline of this thesis

Modern psychometrics and joint counts

Statistical methods are essential for developing or evaluating outcome measures. So far,
the majority of clinical measures have been developed using methods from classical test
theory. In recent years, however, item response theory (IRT) emerged as an alternative,
complementary psychometric method. IRT enables a more thorough evaluation of an
instrument’s psychometric characteristics by providing more detailed information on the
item level [63].

Although IRT originated from the field of educational measurement, it is gaining
attention in the medical field as well [64-67] and the first study of this thesis provides an
overview of its use within rheumatology (Chapter 2). This study shows that IRT
applications have markedly increased over the past decades, although they are primarily
being applied to patient-reported measures. To examine its applicability to clinical disease
activity measures more thoroughly, it was evaluated whether IRT could be used to
internally validate the 28-tender joint count (Chapter 3).

The focus on the item level provides the interesting opportunity to evaluate the
measurement range and precision of the 28 included joints. A commonly raised criticism
of the DAS28 is that patients might experience residual disease activity in excluded joints,
especially in the feet. To address this issue, IRT information curves were used to evaluate
the contribution of the forefoot joints to the measurement range of the 28-joint counts
(Chapter 4).

Inflammatory markers

When working with two DAS28 scores, depending on a preference for or the availability of
the ESR or CRP, it is important to know whether these scores can be used interchangeably.
Score discrepancies might lead to different interpretations of a patient’s level of disease
activity and can have far-reaching effects on treatment decisions. As such, the
interchangeability of the two DAS28 scores is examined in Chapter 5.

Although the CRP levels are supposed to be less sensitive to external influences than
the ESR [22, 35, 38, 39], an extensive number of studies have demonstrated similar
dependencies on gender, age, and body mass index for both acute phase reactants,
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suggesting that these factors should be taken into account when interpreting a patient’s
DAS28 score. Yet, the extent of these effects remain unknown and are evaluated in
Chapter 6.

Heterogeneity of the early RA population

As mentioned earlier, DAS28 scores are often embedded within the treatment protocols
with the current emphasis on early aggressive treatments. They are used as a criterion
variable for treatment decisions or for evaluating treatment effectiveness [12, 68]. In this
line of thought it is important to evaluate whether individual differences exist in the
course of disease activity (Chapter 7), because patients with different response patterns
might be in need of different therapeutic interventions.

DAS28 reliability

The DAS28 established itself as a valid measure [18], but since reliability is a prerequisite
for validity, it should be reliable as well. Yet common internal consistency measures like
Cronbach’s alpha are ill-suited for the assessment of composite reliability, i.e. when
different components of disease activity are combined into one index measure. Therefore,
Chapter 8 applies principles from generalizability theory to determine the reliability of the
DAS28 in patients with early RA.

Finally, a general discussion about the findings in chapter 2 to 8 is given in Chapter 9. It
elaborates on clinical implications and explores future research directions.
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Modern psychometrics applied in rheumatology

Abstract

Background: Although item response theory (IRT) appears to be increasingly used within
health care research in general, a comprehensive overview of the frequency and
characteristics of IRT analyses within the rheumatic field is lacking. An overview of the use
and application of IRT in rheumatology to date may give insight into future research
directions and highlight new possibilities for the improvement of outcome assessment in
rheumatic conditions. Therefore, this study systematically reviewed the application of IRT
to patient-reported and clinical outcome measures in rheumatology.

Methods: Literature searches in PubMed, Scopus and Web of Science resulted in 99
original English-language articles which used some form of IRT-based analysis of patient-
reported or clinical outcome data in patients with a rheumatic condition. Both general
study information and IRT-specific information were assessed.

Results: Most studies used Rasch modeling for developing or evaluating new or existing
patient-reported outcomes in rheumatoid arthritis or osteoarthritis patients. Outcomes of
principle interest were physical functioning and quality of life. Since the last decade, IRT
has also been applied to clinical measures more frequently. IRT was mostly used for
evaluating model fit, unidimensionality and differential item functioning, the distribution
of items and persons along the underlying scale, and reliability. Less frequently used IRT
applications were the evaluation of local independence, the threshold ordering of items,
and the measurement precision along the scale.

Conclusion: IRT applications have markedly increased within rheumatology over the past
decades. To date, IRT has primarily been applied to patient-reported outcomes, however,
applications to clinical measures are gaining interest. Useful IRT applications not yet
widely used within rheumatology include the cross-calibration of instrument scores and
the development of computerized adaptive tests which may reduce the measurement
burden for both the patient and the clinician. Also, the measurement precision of
outcome measures along the scale was only evaluated occasionally. Performed IRT
analyses should be adequately explained, justified, and reported. A global consensus
about uniform guidelines should be reached concerning the minimum number of
assumptions which should be met and best ways of testing these assumptions, in order to
stimulate the quality appraisal of performed IRT analyses.
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Background

Since there is no gold standard for the assessment of disease severity and impact in most
rheumatic conditions, it is common practice to administer multiple outcome measures to
patients. Initially, the severity and impact of most rheumatic conditions was typically
evaluated with clinical measures (CMs) [1, 2] such as laboratory measures of inflammation
like the erythrocyte sedimentation rate [3] and physician-based joint counts [4, 5]. Since
the eighties of the last century, however, rheumatologists have increasingly started to use
patient-reported outcomes (PROs) [1, 2]. As a result, a wide variety of PROs are currently
in use, varying from single item visual analog scales (e.g. pain or general health) to
multiple item scales like the health assessment questionnaire (HAQ) [6] which measures a
patient’s functional status and the 36-item short form health survey (SF-36) which
measures eight dimensions of health related quality of life [7].

Statistical methods are essential for the development and evaluation of all outcome
measures. By far, most health outcome measures have been developed using methods
from classical test theory (CTT). In recent years, however, an increase in the use of
statistical methods based on item response theory (IRT) can be observed in health status
assessment [8-10]. Extensive and detailed descriptions of IRT can be found in the
literature [11-14]. In short, IRT is a collection of probabilistic models, describing the
relation between a patient’s response to a categorical question/item and the underlying
construct being measured by the scale [11, 15]. IRT supplements CTT methods, because it
provides more detailed information on the item level and on the person level. This
enables a more thorough evaluation of an instrument’s psychometric characteristics [15],
including its measurement range and measurement precision. The evaluation of the
contribution of individual items facilitates the identification of the most relevant, precise,
and efficient items for the assessment of the construct being measured by the instrument.
This is very useful for the development of new instruments, but also for improving existing
instruments and developing alternate or short form versions of existing instruments [16].
Additionally, IRT methods are particularly suitable for equating different instruments
intended to measure the same construct [17] and for cross-cultural validation purposes
[18]. Finally, IRT provides the basis for developing item banks and patient-tailored
computerized adaptive tests (CATs) [9, 19, 20].

Although IRT appears to be increasingly used within health care research in general, a
comprehensive overview of the frequency and characteristics of IRT analyses within the
rheumatic field is lacking. The Outcome Measures in Rheumatology (OMERACT) network
recently initiated a special interest group aimed at promoting the use of IRT methods in
rheumatology [21]. An overview of the use and application of IRT in rheumatology to date
may give insight into future research directions and highlight new possibilities for the
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improvement of outcome assessment in rheumatic conditions. Therefore, the aim of this
study was to systematically review the application of IRT to clinical and patient-reported
outcome measures within rheumatology.

Methods

Search strategy

Figure 1 presents an overview of the various stages followed during the search process,
starting with an extensive literature search in April 2012 to identify all eligible studies up
to and including the year 2011. Electronic database searches of PubMed, Scopus, and
Web of Science were carried out, using the terms 'ltem response theor*' OR 'ltem
response model*' OR 'latent trait theor*' OR Rasch OR Mokken, in combination with
Rheumat* OR Arthros* OR arthrit*.

Inclusion and exclusion criteria

Only original research articles written in English were included. Articles were considered
original when they included original data and when they performed analyses on this data
in order to achieve a defined study objective. To be included, studies should present an
application of IRT in a sample of which at least 50% had some kind of rheumatic disease.
In cases where less than 50% of the study sample consisted of rheumatic patients (i.e.
inflammatory rheumatism, arthrosis, soft tissue rheumatism), the study was only included
when the rheumatic sample was analysed separately from the rest of the sample.
Reviews, letters, editorials, opinion papers, abstracts, posters, and purely descriptive
studies were excluded. No limitations were set for study design.

Study identification and selection

The search strategy resulted in a total of 385 studies. After the removal of 189 duplicates,
196 unique articles were identified. Two reviewers independently screened all 196 studies
for relevance based on the abstract and title identified from the initial search. If no
evident inclusion or exclusion reasons were identified, the full-text was examined. In total,
103 studies did not meet inclusion criteria and were excluded. The main reasons for
exclusion were: the study population (i.e. the study population was not clearly defined or
the study contained a rheumatic sample <50% of the total sample which was not
separately analysed), the statistical analyses (i.e. no IRT application), and the article type
(i.e. non-original research). Figure 1 includes an overview of the exclusion reasons
followed by the number of articles removed.
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Stage 1:
Identification of eligible studies in PubMed,
Scopus, and Web of Science.

Total: 385 studies

Stage 2:
Removal of duplicates.

‘ 196 studies remaining H

l

Stage 3:
Independent screening for relevance by 2
reviewers based on title, abstract, and full-text.

r
93 studies remaining

Exclusion reasons:
Improper study population (51)
No (original) IRT application (25)
Non-original research (21)
Other (8)

y
Stage 4:
Identification of additional studies by manual
reference checking in selected studies.

y
6 additional studies identified H

Figure 1. Flowchart of the search process.

Data extraction

First, two reviewers independently evaluated a random sample of 15 articles. Both
general study information as well as IRT-specific information were extracted, using a
purpose-made checklist (Additional file 1) based on both expert input and important
issues as mentioned in Tennant and Conaghan [22], Reeve and Fayers [15], and Orlando
[23]. Inter-rater agreement of the evaluated variables was moderate to high, with Cohen’s
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kappa ranging from 0.60 to 1.00. Most of the disagreements were caused by differing
interpretations of some of the extracted variables. For instance, one of the reviewers
interpreted the checklist on “performed analyses” as performed analyses using IRT based
methods only, whereas the other reviewer interpreted it more broadly including classical
test theory methods as well (the latter being the correct method). Consensus about these
differences was reached by discussion. Next, one of these reviewers also evaluated the
remaining 84 articles.

General study information

General information concerned the author(s), publication year, study population, the
populations’ country of origin, total number of participants (N), study design of the IRT
analyses (i.e. cross-sectional or longitudinal), type of outcome measure (PRO or CM), and
main measurement intention (e.g. quality of life, pain, overall physical functioning).

Purpose of analyses

The purpose of the analyses was determined by the main goal the author(s) of the article
pursued (e.g. the development, evaluation, comparison, or cross-cultural validation of
instruments).

Specific IRT analyses

Before a researcher can perform IRT analyses, an appropriate IRT model should be
selected. Unidimensional models are most widely applied, the simplest being the Rasch
model which assumes that the items are equally discriminating and vary only in their
difficulty. The 2-parameter logistic model (2-PL model) extends the Rasch model by
assuming that the items have a varying ability to discriminate among people with different
levels of the underlying construct [11, 15, 19, 23]. These models can be specified further
for polytomous items. The rating scale model, graded response model, modified graded
response model, partial credit model, and generalized partial credit model can be applied
in case of ordered categorical responses. The nominal response model can be applied
when response categories are not necessarily ordered [11, 15, 19, 23, 24]. The rating scale
model and the partial credit model are generalizations of the Rasch model, the other
models are generalizations of the 2-PL model. In addition to these unidimensional models,
multidimensional models and specific non-parametric models like the Mokken model [25,
26] have been developed. Differences in model assumptions should be taken into account
when choosing a model and model choice should be motivated by taking the
discrimination equality of the items and the number of (ordered) response categories into
consideration [15, 22-24].
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The applied IRT software and the corresponding item and person parameter
estimation method(s) should also be cited, since not all software packages report the
findings in the same way [22] and because the use of different estimation methods may
result in different parameter estimates [11].

To make IRT results interpretable and trustworthy, three principal assumptions should
be evaluated when applying a unidimensional IRT model [15, 23]. The first assumption
concerns unidimensionality, meaning that the set of test items measure only a single
construct [11, 15, 22, 23]. Analyses for checking the unidimensionality can include
different types of factor analysis of the items or the residuals. A more advanced method
would be to compare a unidimensional IRT model with a multidimensional IRT model, for
instance using a likelihood ratio test. The second (related) assumption concerns local
independence of the items. When this assumption is violated this may indicate that the
items have more in common with each other than just the single underlying construct [11,
15, 22, 23]. This may either point to response dependency (e.g. overlapping items in the
scale) or to multidimensionality of the scale [22]. It can lead to biased parameter
estimates and wrong decisions about, for instance, item selection [15]. Local
independence can be tested by a factor analysis of the residual covariations, or with more
specific statistics targeted at responses to pairs of items [12]. The third assumption
concerns the model’s appropriateness to reflect the true relationship among the
underlying construct and the item responses [11, 15, 22, 23]. This can be examined with
both item and person fit statistics. More information about these assumptions and
suggestions about which aspects to report can be found in the literature [11, 15, 22, 23].

Other useful IRT applications include the evaluation of the presence of differential
item functioning, the reliability and measurement precision, the ordering of the response
categories or item thresholds, and the hierarchical ordering and distribution of persons
and items along the scale of the underlying construct.

Differential item functioning (DIF, also called item bias) is present when patients with
similar levels of the underlying construct being measured respond differently to an item
[15, 22]. Commonly examined types of DIF are DIF across gender and age [22].

Global IRT reliability is equivalent to Cronbach’s alpha, with the difference that not the
raw score but the IRT score is being used in its calculation. Which specific global reliability
statistics are presented usually depends on the software package used. Contrary to CTT
methods, IRT also provides information about the local reliability [12] and, related to this,
the instrument’s measurement precision along the scale of the underlying construct.

With rating scale analysis, the ordering of the response categories or item thresholds
can be checked, enabling the evaluation of the appropriateness or redundancy of the
response categories [15]. Likewise, the hierarchical ordering and/or distribution of
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persons and items along the scale can be analysed to determine the measurement range
of the outcome measure and to determine whether the items function well for the
included population sample or whether there is a mismatch between them [23].

Results

General information of included studies

The initial database search yielded a total of 93 eligible studies. Six additional studies were
identified by manual reference checks of the selected studies. This resulted in a final
selection of 99 studies (Additional file 2). Figure 2 shows that the prevalence of IRT
analysis within rheumatology increased markedly over the past decades. This is consistent
with conclusions from Hays et al. [19], and with findings from Belvedere and Morton [8]
who examined the frequency of Rasch analyses in the development of mobility

instruments.
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Figure 2. Number of published articles reporting the application of IRT within rheumatology.
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Table 1 presents an overview of the most prominent results. By far, most research was
carried out with patients from the United States or the United Kingdom, but data from
patients from The Netherlands and Canada were also regularly used. The vast majority of
studies involved cross-sectional IRT analyses. It could also be observed that an increasing
number of studies perform longitudinal IRT analyses since the 21st century, as
represented by a rise of DIF testing over time.

Study samples varied from as little as 18 persons in the study of Penta et al. [27] to as
many as 16519 persons in the study conducted by Wolfe et al. [28]. Most studies (92.9%)
performed analyses on a population sample of at least 50 persons.

In 85 of the 99 studies IRT analyses were applied to PROs. The remaining 14 studies
applied IRT to CMs. The vast majority of the studies applied IRT to data gathered from
patients suffering from rheumatoid arthritis (RA) or osteoarthritis (OA).

Outcome measures of overall physical functioning and quality of life were most
frequently being analysed. To a lesser extent, studies applied IRT to PRO measures of
specific functioning [27, 29-37], pain [35, 38-43], psychological constructs [44-46], and
work disability [47-51]. Studies also applied IRT to CMs such as measures of disease
activity [52-54] and disease damage or radiographic severity [55-57].

Purpose of analyses

Most common main goals for both the PRO- and the CM-studies were the development or
evaluation of new measures, the evaluation of existing measures, and the development or
evaluation of alternate or short form versions of an existing measure. In addition, several
studies aimed to cross-culturally validate a patient-reported or clinical measure. IRT was
rarely applied for the development of item banks [17, 58] or computerized adaptive tests
[59, 60].

Specific IRT analyses

IRT model and software
The vast majority of IRT applications within rheumatology involved Rasch analyses,
although a clear specification and rationale of the applied Rasch model was not always
given. Few studies used a two-parameter IRT model or Mokken analysis. Most analyses
were carried out with the software packages Bigsteps/Winsteps or RUMM.

A motivation of the model choice was only provided in 27.3% of the studies. Likewise,
the item and person parameter estimation methods were rarely specified (8.1% and 4.0%
of the studies, respectively).
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Table 1 — Overview of the most prominent results.

Variable PRO-studies CM-studies Total-studies
n % * n % * n % *
Country
us 26 30.6 4 28.6 30 303
UK 24 28.2 2 14.3 26 26.3
The Netherlands 11 129 4 28.6 15 15.2
Canada 10 11.8 1 7.1 11 111
Other 32 37.6 5 35.7 37 37.4
Design
Cross-sectional 76 89.4 14 100.0 90 90.9
Longitudinal 13 15.3 2 14.3 15 15.2
Disease condition
RA 43  50.6 5 35.7 48 485
OA 31 36.5 3 21.4 34 343
Other 31 36.5 7 50.0 38 38.4
Measurement intention
Overall physical functioning 33 38.8 2 14.3 35 35.4
Quality of life 26 30.6 2 14.3 28 28.3
Specific functioning 10 11.8 0 0.0 10 101
Pain 7 8.2 0 0.0 7 7.1
Psychological constructs 3 3.5 0 0.0 3 3.0
Work disability 5 5.9 0 0.0 5 5.0
Disease activity 0 0.0 3 21.4 3 3.0
Disease damage or radiographic severity 0 0.0 3 214 3 3.0
Other 11 129 4 28.6 15 15.2
Main goal
Development/evaluation new measures 25 29.4 2 14.3 27 31.4
Evaluation existing measures 31 36.5 6 42.9 37 374
Development/evaluation alternate/short form 11 129 2 14.3 13 13.1
Development item bank or CAT 4 4.7 0 0.0 4 4.0
Cross-cultural validation 7 8.2 2 14.3 9 9.1
Other 11 129 3 21.4 14 141
Software
Bigsteps/Winsteps 28 329 3 214 31 313
RUMM 29 341 6 42.9 35 354
Other / not specified 29 34.1 5 35.7 34 34.3
IRT model
Rasch 72 847 12 85.7 84 84.8
2-PLM 13 153 1 7.1 14 141
Mokken 3 3.5 1 7.1 4 4.0
IRT analyses
Unidimensionality 65 76.5 10 71.4 75 75.8
Local independence 16 18.8 1 7.1 17 17.2
Appropriateness model (fit analyses) 77  90.6 13 92.9 90 909
DIF 50 58.8 6 42.9 56 56.6
Person/item separation/reliability 52 61.2 10 71.4 62 62.6
Hierarchical ordering/distribution of items/persons 57 671 9 64.3 66  66.7
Rating scale analysis 30 353 7 50.0 37 374
Measurement precision of the scale 10 11.8 1 7.1 11 11.1

*Note that some studies can be assigned to multiple subcategories, therefore, the sum of the percentages within
a category exceeds 100%. PRO: patient-reported outcome (N=85), CM: clinical measure (N=14), RA: rheumatoid
arthritis, OA: osteoarthritis, CAT: computerized adaptive test, IRT: item response theory, 2-PLM: 2 parameter
logistic model, DIF: differential item functioning
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IRT assumptions

The assumption of unidimensionality was tested in approximately three quarters of the
studies. Methods used for this purpose mainly concerned some type of factor analysis
(confirmatory/exploratory factor analysis or principal component analysis) or the
examination of specific IRT statistics (e.g. whether the overall model fit or the item fit
values were larger than a pre-specified cut-off point). No studies were found where
unidimensional IRT models were contrasted with multidimensional IRT models.

A possible violation of the assumption of local independence was evaluated in only
one of the CM studies, and in only 18.8% of the studies concerning a PRO. Evaluation of
the studies also indicated there was no clear agreement on how to evaluate this
assumption, given the variety of methods used.

The assumption of the appropriateness of the model was evaluated by approximately
91% of the studies. When applied, roughly half of the cases evaluated overall fit (PRO:
51.9%, CM: 53.8%), almost all evaluated item fit (PRO: 97.4%, CM: 100.0%), but a much
smaller percentage evaluated person fit statistics (PRO: 33.8%, CM: 30.8%).

Additional IRT analyses

More than half of the studies used IRT to examine DIF. When applied, analyses varied
from cross-sectional DIF across gender (PRO: 80.0%, CM: 66.7%), age (PRO: 76.0%, CM:
66.7%), disease duration (PRO: 36.0%, CM: 16.7), countries/cultures/ethnicity (PRO:
18.0%, CM: 16.7%), and disease type (PRO: 10.0%, CM: 16.7%), to longitudinal DIF
analyses over time (PRO: 28.0%, CM: 33.3%).

Other commonly performed IRT analyses included analyses of the global reliability, the
hierarchical ordering and distribution of items and persons, and rating scale analyses (i.e.
the ordering of the response categories or item thresholds). In addition, a small number of
PRO-studies reported IRT analyses regarding the measurement precision of the scale,
whereas only 1 of the CM studies evaluated this.

Discussion

IRT offers a powerful framework for the evaluation or development of existing and new
outcome measures. This is the first study that systematically reviewed the extent to which
IRT has been applied to measurements from rheumatology. Results showed a marked
increase in IRT applications within the rheumatic field from the late eighties up to now.
Even though most research focussed on PROs, IRT also appeared to be useful for
application to CMs. Some opportunities for further IRT applications and improvements in
the analyses and reporting of IRT studies were also pointed out.

25



Modern psychometrics applied in rheumatology

IRT can be applied for various purposes. First, IRT analysis is useful for the
development and evaluation of new measures [22]. For instance, Helliwell et al. [32]
developed a foot impact scale to assess foot status in RA patients. Rasch modeling was
used to facilitate item reduction by selecting items which were free of DIF and fitted
model expectations. Where the CTT methods often discard items at the extremes of the
measurement range because too few patients answer them affirmatively, IRT includes
these items since they provide important information at the extremes of the
measurement range [61].

IRT is also suitable for the evaluation of existing (ordinal) outcome measures. For
example, when evaluating an instrument’s included response categories it can be
determined whether they perform as intended or whether categories should be collapsed
into fewer options or expanded into more options [22]. Furthermore, it can be evaluated
whether the items in the outcome measure form a unidimensional scale as expected or
whether item deletion is necessary [22].

Another favourable feature of IRT is that it is expressed at the item level instead of test
level as in CTT [11]. By evaluating the performance of individual items, alternate or short
form versions of existing measures can be developed. For example, Wolfe et al. [62]
developed an alternate version of the HAQ [6, 63], known as the HAQ-II, specifically
targeted at patients with a relatively high physical functioning.

Another commonly used feature of modeling at the item level is the robust
assessment of DIF, as reflected in the high proportion of performed DIF analyses.
Nevertheless, the full potential of modeling at the item level is not yet being used, given
the low percentage of studies evaluating the items’ performance (i.e. measurement
precision and local reliability) along the scale.

When comparing the studies focusing on RA patients with those focusing on OA
patients, the measurement intensions of the analysed instruments and the applied IRT
models were highly comparable. However, a notable difference was found in the main
goals of these studies. Where the RA studies pursued widely varying main goals, including
the development of new instruments, the evaluation of existing instruments, the
comparison of different instruments, and cross-cultural validation, the studies on OA
patients generally focused on the evaluation of existing instruments only.

There are several IRT applications which have not yet been (frequently) used within
rheumatology. One IRT application which appears to be still in its infancy within
rheumatology, but which is likely to gain importance in the future, is the development of
computerized adaptive tests (CATs) [2]. When testing by means of a CAT, every patient
receives a test which is tailored (adapted) to his or her level on the underlying construct
being measured. Consequently, each patient can be administered different sequences and
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numbers of items, drawn from a large item bank. By applying CATs, tests can be shortened
without any loss of measurement precision, reducing measurement burden for both the
patient and the rheumatologist [1, 2, 9-11, 16].

The potential advantages of cross-calibration is another IRT application which has not
yet been recognized within rheumatology. As opposed to CTT methods, the item
responses are regressed on separate item and person parameters in IRT [11]. This means
that the definition of item parameters is independent of the sample receiving the test and
the definition of person parameters is independent of the test items given. This
separation of parameters facilitates the cross-calibration of various outcome measures
based on the same underlying construct [11, 64], making their scores comparable with
each other.

As discussed earlier, it is important to test the assumptions of unidimensionality, local
independence, and model appropriateness when analysing data by means of IRT methods.
Items which violate one or more of these assumptions should be combined, rephrased, or
deleted [22, 23], since they complicate the interpretation of model outcomes. A promising
observation was that the majority of the studies tested the assumption of
unidimensionality and the appropriateness of the IRT model, albeit some studies did not
report any fit statistics. Although comparisons between unidimensional and
multidimensional IRT models provide a much more rigorous test of unidimensionality than
factor analyses, such comparisons were not made. Analyses of model fit mainly involved
overall fit statistics or item fit statistics, and to a lesser extent the evaluation of person fit.
Person fit, however, is also important since deviant response patterns of patients may
seriously affect the item fit. The removal of patients with such response patterns from the
analysis may improve the scale’s internal construct validity significantly [22]. Most studies,
however, did not check the assumption of local independence. The importance of local
independence has only more recently been recognized and, consequently, only some of
the most recent studies (from the year 2007) did evaluate this assumption. Future studies
should continue to pay attention to this assumption, since locally dependent items could
cause parameter estimates to be biased, which may lead to wrong decisions concerning
item selection when constructing a certain outcome measure [15].

The results also showed room for improvement in the reporting of made choices and
the rationale for specific decisions. For instance, the applied IRT model is often not
specified and, if specified, the reasons behind the selected IRT model and used estimation
methods are often not clearly motivated. This complicates the quality appraisal and
replication of performed analyses.

Where Belvedere and de Morton [8] examined the application of Rasch analysis only,
this study included the whole spectrum of IRT models. A notable finding of this review was

27



Modern psychometrics applied in rheumatology

that the Rasch models dominate within rheumatology, and that two-parameter IRT
models were applied in only a few studies. This may be due to the ease of use of a Rasch
model and the easiness with which its results can be interpreted. However, this advantage
of Rasch modeling comes with the strict assumption that every item of the measure is
equally discriminative. Whether this assumption is appropriate can be tested by
comparing the Rasch model fit with the 2-parameter model fit. Since the studies of Pham
et al. [65] and Siemons et al. [54] are the only studies in which such a comparison was
made, this is a point of interest for future studies.

Although IRT is becoming increasingly popular in health status assessment, IRT is quite
complex to understand and is not yet a main-stream technique for most researchers and
rheumatologists. To increase common understanding and to improve the interpretation of
outcomes resulting from the performed IRT analyses, (bio)statisticians, rheumatologists,
and researchers should closely collaborate. Clear guidelines on the quality appraisal of
performed IRT analyses might increase the use and understanding of IRT in rheumatology
even further. Currently, there are no clear guidelines available for rating the
methodological quality of the performed IRT analyses. Although standardized tools like
the COSMIN (COnsensusbased Standards for the selection of health status Measurement
INstruments) checklist [66] can be used for evaluating the methodological quality of
studies on measurement properties, this checklist only contains a few questions regarding
IRT analyses and is, therefore, more suitable for analyzing the quality of performed
classical test theory analyses. Even though the quality checklist used in this study was
based on both expert input and important issues from the literature, it was not exhaustive
and, consequently, it might have some limitations. For example, when the sample size was
considered, only the absolute number was reported. It was not checked whether the
authors also justified the sample size for the analyses they wanted to perform. The
varying sample size of the analysed patient groups which was found between studies,
might be due to the absence of clear guidelines regarding sample size requirements. It is
argued that the most simple Rasch analyses already require a minimum size of 50-100
persons [15, 23]. However, many issues are involved in determining the right sample size
for a certain study, including the model choice, the number of response categories, and
the purpose of the study [15, 23]. These issues should be carefully considered to
determine the sample size which is minimally needed to achieve reliable model estimates.
Consensus and clear guidelines on quality aspects concerning IRT analyses might guide the
choice of an adequate sample size and might also stimulate the development of uniform
guidelines for performing and reporting IRT studies, and the development of a checklist
for evaluating the quality of the performed and reported IRT analyses.
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The formulation of such guidelines will provide a strong foundation to future IRT
studies. Tennant et al. already provided such guidelines for performing Rasch analyses
[22]. However, given the large diversity of approaches, models, and software used in the
field of IRT it is difficult to recommend a single set of guidelines for all types of studies,
and an expansion or modification of their guidelines might be needed. In order to get
sufficient support for these guidelines it is important to first attempt to reach a more
global consensus about recommendations. This article could provide input for such
attempts and the COSMIN checklist [66] can serve as an example of how such an
international approach can lead to the development of a consensus-based checklist.
Agreement should be reached on the minimum number of assumptions which should be
met (e.g. unidimensionality, model fit, and DIF analysis) and best ways of testing these
assumptions. Additionally, this review showed that IRT methods are rarely being applied
for the evaluation of an instrument’s local reliability and measurement precision along the
scale of the underlying construct and the construction of item banks and CATs, all unique
features of IRT. Therefore, it is recommended that more emphasis will be placed on these
features in the guidelines and in future studies.

Conclusions

A marked increase of IRT applications could be observed within rheumatology. IRT has
primarily been applied to patient-reported outcomes, but it also appeared to be a useful
technique for the evaluation of clinical measures. To date, IRT has mainly been used for
the development of new static outcome measures and the evaluation of existing
measures. In addition, alternate or short forms were created by evaluating the fit and
performance of individual items. Useful IRT applications which are not yet widely used
within rheumatology include the cross-calibration of instrument scores and the
development of computerized adaptive tests which may reduce the measurement burden
for both the patient and the clinician. Also, the measurement precision of outcome
measures along the scale has only been evaluated occasionally. The fact that IRT has not
yet experienced the same level of standardization and consensus on methodology as CTT
methods stresses the importance to adequately explain, justify, and report performed IRT
analyses. A global consensus on uniform guidelines should be reached about the minimum
number of assumptions which should be met and best ways of testing these assumptions,
in order to stimulate the quality appraisal of performed and reported IRT analyses.
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Additional file 1

Checklist

List of abbreviations

1-PLM 1-parameter logistic model
2-PLM 2-parameter logistic model
3-PLM 3-parameter logistic model

ADL Activities of daily living

CAT Computerized adaptive testing
CFA Confirmatory factor analysis
CML Conditional maximum likelihood
DIF Differential item functioning
EAP Expected a posteriori estimator
EFA Exploratory factor analysis
GPCM Generalized partial credit model
GRM Graded response model

IADL Instrumental activities of daily living
IRT Item response theory

MML Marginal maximum likelihood
PCA Principal component analysis
PCM Partial credit model

PRO Patient reported outcome

QoL Quality of life

RSM Rating scale model

UML Unconditional maximum likelihood
(W)ML (Weighted) maximum likelihood
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Main measurement
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Main goal of the study
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[ QoL / Health Status

[J overall physical function (ADL, IADL, Mobility tasks)
[ Specific functioning (e.g. hand function)

[ Disease activity

[ Pain

[ Psychosocial construct (e.g. anxiety, depression)
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[ Development/evaluation of new instrument

[J Development/evaluation of alternate / short form version
[ Evaluation of existing instrument

[ Comparison of instruments
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Applied IRT software
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= [ Dichotomous

[ Polytomous
[JGRM
JGpcM
[0 Other: oot
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[0 Local independence

[ Item fit
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[ Rating scale analysis (response category ordering/item thresholds)
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/ common discrimination
parameter)

Applied IRT software is
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Various IRT models were
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Assumptions adequately
tested

Quality appraisal

[ Yes, with model specification (e.g. Rasch-PCM,
Rasch dichotomous)

[ Yes, without model specification
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[ Unidimensionality =» []IRT residuals
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[JIRT statistics (e.g. model fit)
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Abstract

Objective: To examine the construct validity of the 28-tender joint count (TJC28) using
item response theory (IRT)-based methods.

Methods: A total of 457 patients with early stage rheumatoid arthritis (RA) were included.
Internal construct validity of the TJC28 was evaluated by determining whether the TJC28
fitted a 2-parameter logistic IRT model. As well, we tested whether the discrimination and
difficulty parameters of the joints properly reflected the known left-right symmetry of
joint involvement. External validity was evaluated by correlations with other established
measures of disease activity, including pain, disability, general health, erythrocyte
sedimentation rate (ESR), and the 28-swollen joint count.

Results: The TJC28 showed a good fit with the 2-parameter logistic model, with no
relevant differential item functioning across sex, age and time and with excellent
reliability. The 28 joints covered a reasonable range of disease activity, even though they
were mainly targeted at patients with moderate or high disease activity levels. The joint
parameters reflected the left-right symmetry of joint involvement for all pairs of joints
except one. All disease activity measures, except ESR, were significantly correlated with
the TJC28. Most correlations were of the expected magnitude.

Conclusion: The TJC28 showed good internal and acceptable external construct validity for
patients with early-stage RA. The IRT analyses did point to some potential limitations of
the instrument, a major problem being its limited measurement range. Future research
should examine whether instrument modifications might lead to a more robust
assessment of disease activity in patients with RA.
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Introduction

Rheumatoid arthritis (RA) is a systemic autoimmune disease, decreasing life expectancy by
3 to 10 years compared to the general population [1, 2]. People with RA experience
chronic inflammation of joints and periarticular tissues [3], characterized by symmetric
pain and swelling in the joints [4-7]. The disease generally follows an unpredictable
course, often with alternating periods of mild and severe disease activity [3].

RA treatments are aimed at reaching a state of remission as soon as possible [8].
Because joint tenderness is an important characteristic of RA, joint counts that measure
the extent of joint tenderness are used for the assessment of RA severity [9]. A joint count
is a specific quantitative clinical measure to assess the status of a patient with RA [10].
Therefore, it forms a major component of indices of disease activity [11] and remission
[12]. Although various joint counts have been developed, ranging from the evaluation of
28 to 80 joints, the 28-joint count is currently the most widely used measurement
instrument.

Earlier studies showed the 28-tender joint count (TJC28) to be a reliable and valid joint
index [9, 13-15]. However, these studies have only used classical test theory (CTT)
methods. To date, the construct validity of the TIC28 has never been analyzed using item
response theory (IRT)-based methods. IRT is a sophisticated psychometric approach that
has been adopted to supplement the more traditional approaches [16] to enable a more
thorough evaluation of an instrument’s psychometric characteristics. IRT has already been
frequently and successfully applied in evaluating and improving health outcome
questionnaires [17], but it has rarely been applied to clinical measures, such as tender
joint counts. Therefore, the aim of our study was to examine both the internal and
external construct validity of the TJC28 using IRT-based methods.

Materials and methods

Patients

Patients with early-stage RA participating in the Dutch Rheumatoid Arthritis Monitoring
remission induction cohort [18] were included in this study. This observational,
multicenter cohort was established in 2006 to evaluate a treatment strategy aimed at
reaching a state of remission. The patients were asked for inclusion in the cohort by their
rheumatologists. Patients were qualified for inclusion at the moment of clinical diagnosis
of RA. Symptoms duration was a maximum of 1 year, and patients had to be at least 18
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years old. Any who had previously used disease-modifying antirheumatic drugs or
prednisolone were excluded from the cohort.

The result was a total baseline sample of 457 patients. Measurements were performed
during each hospital visit. The data from the first timepoint (i.e. at inclusion) were used for
all analyses. In addition, one of the fit analyses (i.e. evaluating differential item functioning
across time) was based on data from the first 3 timepoints (t;= at inclusion, t,= 8 weeks
after inclusion, t3= 12 weeks after inclusion). Because the duration since inclusion varied
among patients, followup measurements involved a decreasing number of patients. At the
third timepoint the remaining sample consisted of a total of 391 patients.

Measures

The TJC28 and the 28-swollen joint count (SJC28) were administered separately at each
visit by a trained nurse practitioner or rheumatologist. The 28 joints were scored on a
dichotomous scale, with 0 indicating “no pain” or “no swelling” in the joint, and 1
indicating “pain” or “swelling” in the joint [9, 19]. Both 28-joint counts include the
shoulders, elbows, wrists, and knees, the 10 metacarpophalangeal (MCP) joints, and the
10 proximal interphalangeal (PIP) joints [20].

Besides the TJC28 and the SJC28, patients were asked to complete the Health
Assessment Questionnaire — Disability Index (HAQ-DI) [21] which measures physical
function, and visual analog scales for pain (VAS pain) and general health (VAS GH). The
alternative disability index (HAQ-ADI) [22], which does not correct for the use of aids and
devices, was derived from the HAQ-DI and was scored on a scale from 0 to 3 (higher
scores indicating more physical disability). Pain and general health were measured on a
100-mm VAS scale, 0 indicating “no pain” or “very good”, and 100 indicating “unbearable
pain” or “very bad”.

Laboratory samples were collected before each hospital visit, including the erythrocyte
sedimentation rate (ESR), which is a nonspecific measure of inflammation [19].

Statistical analyses

When using an IRT framework, the relationship between item scores and the underlying
construct of interest (i.e. the latent trait variable 6, representing the degree of joint
tenderness in our study) can be modeled. When applying CTT approaches, sum scores of
different combinations of joints can be obtained. However, this does not imply that the
sum score reflects a meaningful underlying construct. IRT has several beneficial properties
compared to the traditional CTT approach, enabling a more thorough evaluation of an
instrument’s psychometric characteristics. If the TIC28 fits an IRT model, this supports the
construct validity of the instrument, because this shows that the observed responses can

50



Validating the 28-tender joint count using item response theory

be explained by the underlying structure of the instrument [23]. Further, if attenuation is
present (i.e. underestimated correlations between measurements due to unreliability
caused by measurement error) IRT can deal with this problem more precisely than the CTT
approach since it considers latent correlations instead of sum-score based observed
correlations. In addition, IRT can successfully handle incomplete item administration
designs and missing data, and where CTT often assumes a normal distribution of the true
scores, IRT can deal with various distributions of latent variables [23].

IRT models the probability of a joint being scored as tender on the basis of
characteristics of the patient (the degree of joint tenderness: 8) and the item (such as the
difficulty and discrimination level). Each single joint is regarded as an item and has a
corresponding IRT model curve. Two widely applied IRT models are the Rasch model (also
known as the 1-parameter logistic model) and the 2-parameter logistic (2-PL) model, both
shown in Figure 1. The y-axis shows the probability of a joint to be scored as tender, while
the x-axis shows the latent trait that corresponds to the degree of joint tenderness a
patient experiences (6, scaled around zero). Figure 1A shows the Rasch model, including 3
joints with different difficulty parameters [24]. The value of the difficulty parameter of a
specific joint equals the point on the x-axis at which the patient has a probability of 0.5 of
having a painful joint [24, 25]. So, for joint 1 its value will be equal to -1. Figure 1B shows
the 2-PL model. In it, the curves intersect because of the addition of the discrimination
parameter. This parameter is proportional to the slope of the curve; the higher its value,
the steeper the slope, and the better the joint discriminates between patients with
various degrees of joint tenderness [25].
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Figure 1 — Graphic representation of the Rasch model (A) and the 2-parameter logistic model (B), where Pi(0) is
the probability of a joint to be scored as tender.
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In our study, a 2-PL model was used to analyze the construct validity of the TJC28. This
was motivated by both practical and empirical reasons. First, we wanted to examine
whether the symmetry that characterizes RA is reflected in both the difficulty and the
discrimination parameters of the IRT model. Second, a log-likelihood ratio test showed
that the 2-PL model had a significantly better fit to the TJC28 than the Rasch model (log-
likelihood ratio test=163.81, df=27, p<0.01).

Internal construct validity

This was assessed by evaluating whether the TJC28 could be fitted to the 2-PL model,
whether the joint parameters truly reflected the known left-right symmetry of joint
involvement in patients with RA [4, 5], and whether the TJC28 had an acceptable
reliability.

A) Fit analyses

IRT models rely on several assumptions. One of these concerns the shape of the
response curves. Using a Lagrange multiplier test, the LM-Ql-test [26], it was
determined whether the shape of the curves belonging to the TJC28 fitted the shape
of the curves assumed by the 2-PL model. This means the joint curves have various
difficulty parameters, various discrimination parameters, and a lower zero asymptote.
Two outcome values considered important for determining the fit of the curves with
the LM-Q1-test are the p-value of the test and the effect size [27]. A p-value >0.05
indicates a good item-model fit, but this statistic is sensitive to large sample sizes [27].
For large sample sizes, the absolute effect size should also be evaluated. The effect
size is given by the difference between the observed and the expected average score
on an item in a specific group and can, therefore, range between 0 and 1. An effect
size of <0.10 has been previously used as an acceptable measure for item model fit
[28]. Well-fitting response curves can also be seen as strong evidence for
unidimensionality of the TJC28 [29].

Additionally, it was examined whether differential item functioning (DIF) across
sex, age and time was present. A joint shows DIF across sex or age if individuals from
different groups (e.g. men vs. women) but with the same latent trait value, do not
have the same probability of reporting a joint as being tender [24]. DIF across time is
present when the joint difficulty parameters are unstable over time [27]. The stability
of the parameters was examined over the first 3 timepoints.
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B) Left-right symmetry of joint parameters

The symmetry of the difficulty and discrimination parameters was simultaneously
tested for each pair of joints using a Wald test [30]. This test determines whether the
parameter values of the left-side joint and the parameter values of the right-side joint
are equal. Nonsignificant results (p>0.05) indicate that the joint parameters properly
reflect the known left-right symmetry of joint involvement.

C) Reliability and measurement precision

In IRT, the reliability of the TJC28 is estimated as the ratio of the expectation of the
posterior variance of the latent variable 6 given the instrument-score, and the total
variance of 8 [29]. A value >0.70 is considered acceptable for group use, while a value
of 0.85 or higher is required for individual use [16]. The IRT reliability coefficient is
equivalent to Cronbach’s alpha.

When applying IRT, the range of 8 for which a joint or the total TJC28 is most
reliable for measuring patients’ levels of joint tenderness can be depicted in an
information curve. An information curve shows the range over 6 where the individual
joint or the total TJC28 can best discriminate among individual patients [31]. Ideally,
the instrument includes joints with high discrimination parameters that cover a broad
spectrum of joint difficulties. In this way, the spectrum of joint tenderness can be
measured as precisely as possible. The higher the information level of a joint, the more
the joint contributes to the measurement precision of joint tenderness. Information
curves of individual joints were plotted for evaluation of the performance of each
single joint. The test information curve of the TJC28 and its associated reliability levels
[r = 1-(1/test information at ©)] were plotted to evaluate the performance of the total
TJC28.

External construct validity

Previous studies used sum scores of the TJC to determine its correlation with other

established measures of disease activity, while IRT uses latent trait values (8). The external

construct validity of the TJC28 was evaluated by examining whether the baseline 8 values

and traditional sum scores of the TJC28 showed an expected pattern of correlations with 5
other established measures of disease activity [32]: VAS pain, HAQ-ADI, VAS GH, ESR, and
the SJC28.

Correlations <0.3 were defined as weak (low), between 0.3 and 0.6 as moderate, and

>0.6 as strong (high) [33]. All correlations were expected to be both positive and

significant. Although highly variable correlations between the TJC and these variables
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were found in previous studies, moderate correlations were expected since they are all
measures of disease activity [9, 14, 34-38].

Results

Demographics at inclusion

Baseline data were available from 457 patients (288 women and 169 men). The mean (SD)
age at inclusion was 55.4 (15.2) years for the women and 59.8 (12.4) years for the men.
Baseline measures of disease activity are summarized in Table 1. The TJC28 had a mean
score of 5.7. For interpretation, a TJC28 score of 0 corresponded to an estimated 6 score
in the range of -1.65 to -0.69, and a TJC28 score of 28 corresponded to estimated 8 scores
in the range of 2.82 to 3.25.

Internal construct validity

Fit analyses

Table 2 presents the results of the fit analyses. Although some joints showed a statistically
significant misfit (p<0.05), all effect sizes were well below 0.10. These results indicate that
there was a good fit between the curves of the TJC28 and the 2-PL model. In addition,
there was no relevant DIF across sex, age (median split: <59 vs. 260 years), and time.

Table 1 - Mean scores (SD) of established measures of disease activity at
baseline in 457 patients with early-stage rheumatoid arthritis.

Measures Scoring scale Mean (SD)
TJC28 0-28 5.7 (5.7)
VAS pain 0-100 49.4 (25.4)
HAQ-ADI 0-3 1.0(0.7)
VAS GH 0-100 49.9 (25.2)
SJCc28 0-28 7.9 (5.7)
ESR 0-140 29.6 (22.0)
DAS28 0-10 4.7 (1.4)

TJC28: tender joint count for 28 joints, VAS: visual analog scale, HAQ-ADI:
Health Assessment Questionnaire- Alternative Disability Index, GH: patient’s
general health assessment, SIC28: swollen joint count for 28 joints, ESR:
erythrocyte sedimentation rate; DAS28: Disease Activity Score for 28 joints
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Table 2 - Results of the fit analyses.

Fit analysis No. joints with p<0.05 Effect size
Fit of the curves 4 <0.03
Sex differences 4 <0.06
Age differences 1 <0.03
Constancy of location parameters over time 7 <0.06

Left-right symmetry of joint parameters

Table 3 presents the parameter estimates generated by the 2-PL model. The Wald test
showed a nonsignificant result for all pair of joints except 1. This demonstrates that both
the difficulty and the discrimination parameters properly reflected the left-right symmetry
of joint involvement, which is characteristic of RA.

Reliability and measurement precision
The reliability of the TJC28 was acceptable for group use as well as for individual use (r =
0.874).

Table 3 presents the discrimination parameter values, ranging from 0.670 to 1.049 for
larger joints (shoulders, elbows, wrists, knees), and from 1.369 to 2.269 for smaller joints
(the MCPs and PIPs). Joint difficulties covered only the positive half of the spectrum,
ranging from 0.613 to 3.659, reflecting low response probabilities. This limited range of
joint difficulties was also reflected in the information curves (Figure 2). The test
information curve showed that the scale measured the patient’s level of 8 with a
reliability level acceptable for group use (r > 0.70) over the range from
6 = -0.60 to 6 = +3.05 [31]. Outside this range, the test information curve and the scale’s
reliability rapidly decreased, meaning that the corresponding levels of 6 were estimated
with reduced precision. Over the range from 6 = 0.0 to 6 = +2.5, the scale’s reliability was
also acceptable for individual use (r > 0.85). The reliability was at its highest point (r >
0.93) at 8 = +1.3. The item information curves showed that smaller joints (MCPs and PIPs)
provided more information to the test than larger joints (shoulders, elbows, wrists,
knees).
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Figure 2 —Top graph shows the test information curve of the 28-tender joint count with its associated reliability
level. The graphs below represent the item information curves for the joints on the left side (left column) and
right side (right column) of the body.
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Table 3 — Average joint scores, item response theory joint parameter values, and Wald test results.

Average Discrimination
Joint . “ Difficulty parameter Results
joint score parameter
X X X Wald test .
Left Right Left Right Left Right . p-value™
value™

Shoulder 0.24 0.22 0.721 0.686 1.252 1.350 0.139 0.93
Elbow 0.12 0.13 0.713 0.670 2.212 2.101 0.187 0.91
Wrist 0.35 0.38 0.983 1.094 0.747 0.613 0.295 0.86
MCP1 0.17 0.21 1.453 1.443 2.130 1.796 2.499 0.29
MCP2 0.21 0.25 1.627 1.735 1.867 1.617 1.756 0.42
MCP3 0.18 0.24 1.850 1.943 2.336 1.822 7.056 0.03
MCP4 0.12 0.14 2.269 1.953 3.406 2.804 4.415 0.11
MCP5 0.12 0.11 2.135 2.266 3.255 3.659 2.580 0.28
PIP1 0.13 0.14 1.552 1.369 2.613 2.334 0.974 0.61
PIP2 0.26 0.26 1.554 1.669 1.415 1.469 0.071 0.96
PIP3 0.26 0.33 1.898 1.784 1.650 0.986 4.617 0.10
PIP4 0.21 0.26 1.528 1.577 1.828 1.541 1.328 0.51
PIP5 0.18 0.19 1.579 1.708 2.131 2.196 0.072 0.96
Knee 0.20 0.20 0.778 0.710 1.572 1.516 0.017 0.99

“1 Average score on a scale from 0 to 1, ? with 2 degrees of freedom, ** p-value for a simultaneous test for
differences in difficulty and/or discrimination. MCP: metacarpophalangeal, PIP: proximal interphalangeal.

External construct validity

Spearman's correlations with the other established measures of disease activity for both

the 6 estimations and the sum scores of the TIC28 are shown in Table 4.

Table 4 — Spearman’s correlations of the TJC28 (using 6 as well as the sum score) with the sum scores of the

established measures of disease activity at baseline (N=457). Except where indicated, p<0.01 (2-tailed).

Measurement of

Correlation with 6

Correlation with sum

disease activity TiC28 score TJC28
VAS pain 0.279 0.280
HAQ-ADI 0.405 0.416
VAS GH 0.305 0.302
SJc2s8 0.453 0.440
ESR 0.023 (p=0.626) 0.064 (p=0.177)

TJC28: tender joint count for 28 joints, VAS: visual analog scale, HAQ-ADI: Health Assessment

Questionnaire-Alternative Disability Index, GH: patient’s general health assessment,

SJC28: swollen joint count for 28 joints, ESR: erythrocyte sedimentation rate.
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The correlations based on the 6 estimations of the TJC28 were very similar to the
correlations based on the sum scores. As expected, all correlations were positive.
However, for both the O estimates and the sum scores of the TJC28 only 4 out of 5
correlations were significant. The HAQ-ADI, joint swelling, and the patient’s general health
assessment did show the expected moderate correlations. Pain correlated less strongly
with joint tenderness than expected, but the correlation was only just below the cut-off
point of 0.30. However, a very low correlation was found with ESR.

Discussion

This is the first study to examine the validity of the TJC28 by applying IRT-based methods.
As a result, the instrument’s psychometric characteristics can be evaluated more
thoroughly than with CTT alone. The results showed that the TJC28 is a valid and reliable
measure for patients with early-stage RA. An acceptable fit of the TJC28 to the 2-PL model
was demonstrated, with no relevant DIF across sex, age and time, and with excellent
reliability. The joints included in the TJC28 covered a reasonable range of disease activity,
although measurement precision was limited for lower levels of disease activity.
Additionally, the joint parameters properly reflected the left-right symmetry of joint
involvement. Evaluation of the external validity showed that all correlations, except with
ESR, were similar to the correlations found in previous studies.

Statistical transformations of the ESR values, such as square root and natural logarithm
transformations as performed in the Disease Activity Score for 28 joints [15], did not
improve the correlation with joint tenderness. A limited distribution of ESR values within
the patient sample might explain the non-significance of this correlation. However, given
the high SD (22.04) of the ESR values, this does not seem plausible. Moreover, secondary
analyses did show significant and higher correlations between ESR and all other measures
of disease activity (r between 0.17 for the VAS GH and 0.30 for the HAQ-ADI), and C-
Reactive Protein (r=0.64), another measure of inflammation. Evaluation of the
correlations with the individual joints showed that ESR was significantly correlated with
the larger joints (r between 0.10 and 0.14), but not with the smaller joints that constitute
the largest part of the TJC28. This higher correlation with larger joints is in accord with
earlier findings [37] and suggests that the ESR mainly reflects the volume of inflammation
in the larger joints, while the TJC28 is also in large part explained by the smaller joints.
Future studies should evaluate the correlation between the TJIC28 and ESR in an RA
population in which the patients have more inflamed smaller joints than in the current
sample, to determine whether joint size affects this correlation.
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Examination of the correlations showed that those based on the 8 estimations of the
TJC28 were very similar to the correlations based on the sum scores of the TJC28. This
indicates that the 0 scores and the sum scores corresponded highly to each other and that
attenuation did not pose any serious problems in our study, diminishing the actual
advantage of using IRT-based scores instead of sum scores for evaluating the external
construct validity of the TJC28. It also suggests that it is adequate to use sum scores for
the calculation of a patient’s TJC.

The unequal discrimination parameters give additional support for use of the 2-PL
instead of the Rasch model, since those parameters are assumed to be equal in the Rasch
model. The parameter results also showed that especially the smaller joints showed high
discrimination parameters, indicating that the MCP and PIP joints discriminate better
between patients with different degrees of joint tenderness (8) than do larger joints
(shoulder, elbow, wrist, knee; Table 3). This is in line with the clinical experience of
healthcare providers treating patients with RA. A point of interest regarding the joint
difficulties is that the wrists show the lowest values (Table 3). They also have the highest
average score (left wrist: 0.35, right wrist: 0.38), which is consistent with the clinical
experience that the wrist is a commonly affected joint in RA [39, 40]. This is also reflected
in the minor degree of information the wrists provide to the test. However, the wrists do
provide some information at the lower levels of disease activity, which can be regarded as
a positive property given the limited measurement range of the instrument along the
lower range of disease activity.

The results concerning the reflection of left-right symmetry of joint involvement in the
joint parameters reflect several studies that emphasize that symmetry of joint
involvement characterizes RA [4-7], providing additional support for the construct validity
of the TJC28. From a strict test perspective it can be argued that this would imply that half
of the joints can be removed from the TJC28. After all, it can point to redundant items,
which might be locally dependent, and that make the test unnecessary long. However,
removing items might have an effect on the psychometric characteristics of the test by
reducing the test information and its corresponding reliability. Moreover, from a clinical
perspective it is probably undesirable to remove half of the joints, because a patient’s
total number of tender joints are being used for individual diagnosis and treatment
decisions.

The IRT analyses showed that the TJC28 is a highly reliable instrument; however, this
does not imply that the scale also has high interrater reliability. Interrater bias might still
be embedded in the inaccuracies of the measure. It is expected, however, that this type of
bias did not pose any serious problems in our study, since problems with interrater
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reliability have mainly been reported for graded or weighted joint counts [19, 41, 42],
while a nongraded TJC was used our study.

The accuracy and broadness of the test, given the high discrimination parameters and
the range of joint difficulties covered, make accurate measurement of change over time
possible. The advantage of using IRT instead of the more traditional approaches is that
latent trait values are used instead of sum scores. Even when there are data missing, the
latent trait values can still be estimated.

IRT has been successfully applied for the evaluation and improvement of
questionnaires of health outcome measures [17]. Since the focus of IRT is at the item level
instead of the test-level, the contribution of each single joint can be evaluated without
knowledge of the other joints in the instrument [24], a feature that is not available in
procedures based on CTT methods. Among others, this feature makes it possible to obtain
joint counts with lesser joints without major loss of measurement precision [24].
However, IRT has rarely been applied for the evaluation or improvement of clinical
measures, such as a TJC. One demonstration of the application of IRT in a clinical trial can
be found in Glas, et al. [43]. They successfully applied IRT to tender point counts in
fiboromyalgia. They showed that tender point counts of patients diagnosed with
fibromyalgia had a good fit with IRT models, and that items could be removed without
facing a substantial loss of power. Our study extended this application to clinical measures
by applying IRT to a TJC in patients with early-stage RA. Future studies could investigate
whether a modified or shorter TJC will perform equally well or perhaps even better than
the TJC28.

In contrast to CTT, IRT information curves can be obtained when applying IRT to the
data. This provides insight into the performance of the total TJC28 and of the individual
joints, and exposes opportunities for scale improvement. The covered range of joint
difficulties demonstrated that the TJC28 mainly functions along the moderate and higher
spectrum of disease activity. The test and item information functions also showed that 6 is
measured with the greatest precision for patients with a higher degree of joint
tenderness, especially with joint tenderness in the smaller joints. This spectrum limitation
was caused by the low number of painful joints experienced by the sample of patients
with early-stage RA. Since the cohort we used represented a large sample size, and since it
included patients from 6 hospitals from different regions in The Netherlands, it is
expected that this cohort is representative of the patients with early-stage RA. However,
to further examine the measurement precision of the TJC28 and to make the results more
generalizable, future research should expand our study by applying IRT to RA samples with
a longer disease duration.
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The rationale concerning which joints to include in a joint count has not yet been
clearly outlined in the literature. The joints included in the TJC28 were selected based on
pragmatic logistic considerations and clinical experience [20]. Although the TJC28 appears
to be a reliable and valid instrument to assess joint tenderness, it does not include the
feet and ankle joints. There have been several discussions about whether the feet and
ankles really can be omitted from the instrument [44, 45]. It has been argued that the 28-
joint count might be useful in clinical trials, but that a more comprehensive joint count
that includes the foot joints might be preferable for following the disease progress of
patients in daily clinical practice [13, 19]. IRT may provide clarity in this discussion, since
IRT provides an opportunity to evaluate the contribution of each single foot joint and
ankle joint [24]. The joints differ in the degree of information they provide, shown by the
inequality in the parameter values. This means the joints contribute unequally to the
precision of measurement. By evaluating whether foot and ankle joints provide any
significant information, it can be decided whether they truly can safely be omitted from
the joint count. Future research should apply IRT to more extensive joint counts, such as
the TJC68, to examine which joints provide important information to the instrument and
should be included, and which joints provide limited information and can therefore be
omitted from the joint count.

Our study confirmed that the TJC28 has good internal and acceptable external
construct validity for patients with early-stage RA. However, the IRT analyses also pointed
to some potential limitations of the instrument - a major problem being its limited
measurement range. Since test information was low for lower levels of disease activity, it
might be appropriate to modify the TIC28 to improve its measurement precision and
range, for instance by expanding the TJC with joints that provide more information at the
lower levels of disease activity. It is recommended that future studies examine both the
TJC28 and more extensive joint indices in RA samples with a longer disease duration to
confirm our findings and to explore possibilities for further improvements of the TJC.
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Contribution of assessing forefoot joints in early rheumatoid arthritis patients

Abstract

Objective: To evaluate the contribution of assessing forefoot joints to the measurement
range and measurement precision of joint counts in early rheumatoid arthritis (RA) using
item response theory.

Methods: Baseline measures of tender and swollen joint counts were analyzed in 459
early RA patients from the Dutch Rheumatoid Arthritis Monitoring remission induction
cohort. The contribution of forefoot joints was studied by evaluating their effect on the
measurement range and measurement precision of measures based on 28-joint counts. In
addition, the alignment between the patient and joint distributions was investigated to
determine whether the forefoot joints were informative for measuring joint tenderness or
swelling of an early RA patient.

Results: In total, 233 patients (50.76%) experienced tenderness and 200 patients (43.57%)
experienced swelling in > 1 forefoot joint. Forefoot joints were more informative for
measuring joint tenderness than joint swelling, but did not significantly improve the
measurement range and measurement precision of the 28-joint counts. Furthermore,
including forefoot joints did not remove the existing discrepancy between the joint and
patient distributions in both joint counts.

Conclusion: Forefoot joints were frequently affected on an individual level, but did not
significantly improve the measurement range or precision of 28-joint counts in patients
with early RA. From a measurement perspective, reduced joint counts are appropriate for
use on a population level. The contribution of assessing forefoot joints on an individual
level requires further investigation. Additionally, the results should be cross-validated in
patients with longer disease durations to determine whether the pattern of joint
involvement is similar in later stages of RA.
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Introduction

The Disease Activity Score for 28 joints (DAS28) [1] is a widely used index measure for
assessing the disease activity of individual rheumatoid arthritis (RA) patients and for
evaluating treatment effectiveness aimed at reaching or sustaining a state of remission.
However, despite the frequent involvement of the 28 joints included in the DAS28, there
are data to support that the omission of the forefoot joints causes the DAS28 to
underestimate actual disease activity in early RA patients predominantly with disease
activity in the feet [2]. Additionally, the DAS28 remission criteria might not reflect a true
state of remission, due to the presence of residual tenderness or swelling in omitted joints
[3]. Consequently, the cut off point for DAS28 remission often has been criticized [3, 4].

From a measurement perspective, the high prevalence rates of painful and swollen
forefoot joints [5, 6] might provide relevant additional quantitative clinical information for
assessing and monitoring the status of patients with RA. However, practical constraints,
extra administration time, assessment difficulty, and the recognition that abnormalities in
the feet may often result from processes other than RA are all reasons for their frequent
exclusion from the joint counts [7-10]. Furthermore, various studies have shown that
reduced joint counts that exclude the forefoot joints appear to be as reliable and valid as
more comprehensive joint counts [1, 5, 7, 11]. Nevertheless, the exclusion of the forefoot
joints remains a topic of debate and research.

When approaching this debate from a measurement perspective, most studies used
methods from the classical test theory to examine the contribution of forefoot joints, for
instance, by examining the correlation between reduced and extended joints counts [5].
However, classical test theory does not provide insight into the effect the inclusion of
forefoot joints has on the measurement range and measurement precision of the total
joint count, an insight that can be obtained by applying a different measurement
perspective, called item response theory (IRT). Therefore, the aim of this study was to
evaluate the contribution of assessing forefoot joints in patients with early RA using IRT.

Patients and methods

Patients

Patients participated in the Dutch Rheumatoid Arthritis Monitoring (DREAM) remission
induction cohort [12], a multicenter cohort that was started in 2006 to evaluate the effect
of a protocolized treatment strategy aiming at a state of remission in early RA patients in
daily clinical practice. Patients were eligible for inclusion at the moment they were
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clinically diagnosed with RA, if they were ages 218 years, and if they had never received
disease-modifying antirheumatic drugs or prednisolone before. The ethics committee of
each participating hospital evaluated the study protocol. Since the study data were
gathered during daily clinical practice, the ethics committees determined no approval was
required, which is in accordance with the Dutch Law. Nevertheless, informed consent was
obtained from each patient.

Measures

Disease activity was assessed by a trained rheumatologist or nurse practitioner at each
visit using extensive joint counts, including 44 joints for the measurement of joint
tenderness and joint swelling, the erythrocyte sedimentation rate (ESR), the C-reactive
protein (CRP) level, and a 100-mm visual analog scale (VAS) for general health. The 28-
and 38-joint counts for tenderness and swelling, used for analyzing the contribution of the
forefoot joints, were derived from these 44-joint counts. The DAS28 score was computed
with the 28 tender joint count (TJC28), 28 swollen joint count (SJC28), ESR, and VAS for
general health scores. Only baseline measures were used for analyses.

The 28-joint counts on tenderness and swelling include the shoulder (n=2), elbow
(n=2), wrist (n=2), metacarpophalangeal (MCP; n=10), proximal interphalangeal (PIP;
n=10), and knee (n=2) joints. The 38-joint counts also include the 10 metatarsophalangeal
(MTP) joints of the feet. All of the joints were scored dichotomously.

The Boolean-based American College of Rheumatology (ACR)/European League
Against Rheumatism (EULAR) definition of RA remission was used to determine remission,
since this criterion can be used with both the 28- as well as the 38-joint counts [13].

Statistical methods

To analyze the contribution of the forefoot joints, an IRT model (the generalized partial
credit model [GPCM]) [14] was applied. Both the 28- and 38-joint counts of tenderness
and swelling had to fit the GPCM before the contribution of the forefoot joints could be
analyzed. This fit was analyzed with Lagrange Multiplier Q1 tests [15], where absolute
effect sizes of <0.10 were seen as an indication of good item-model fit [16, 17].

Next, the reliability and corresponding measurement precision of the joint counts with
and without forefoot joints were evaluated and compared. IRT global reliability is
equivalent to Cronbach’s alpha, but based on IRT scores (theta) instead of raw scores [18].
The theta scores are scaled around 0 and correspond to the degree of joint tenderness or
swelling a patient experiences. Reliabilities of >0.7 were considered sufficient for group
use, whereas values of >0.85 were deemed necessary for individual use [19].
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Local reliability and measurement precision of both the total joint counts as well as
their individual joints were derived from 2 types of information curves [18, 20]. First, the
test information curves (TICs) were investigated to determine the range on the underlying
scale where the total joint counts can reliably (precisely) measure a patient’s degree of
joint tenderness or swelling, where reliability = 1 - (1/test information at ©) and the
precision of the estimated theta is the reciprocal of the test information (Var(©) = 1/test
information at ©) [18]. TICs of joint counts with and without forefoot joints were
compared to determine the effect of including forefoot joints on the measurement
precision and measurement range of the total instrument. A TIC is a sum of the individual
item information curves (lICs). These show the contribution of the individual joints to the
estimation of joint tenderness or swelling. IICs of the forefoot joints were compared to
the 1ICs of the other joints to determine their individual contribution to the total
instrument and to evaluate for which patients they provide the most information.

Finally, the alignment between the patient and the joint distributions was evaluated.
Ideally, the mean scores of these distributions should be relatively close to each other and
the distributions should approximately cover the same range of the scale. Joints
measuring outside the range of the patient distribution are less informative about the
patients’ joint tenderness or swelling than joints measuring inside this range.

IRT analyses were performed with the statistical program MIRT [21]. Full item
parameter calibrations are available from the corresponding author upon request. Patient
and joint distributions were plotted with SPSS, version 18.0.

Results

Patient characteristics

The cohort included a total of 459 patients for analysis, predominantly consisting of
women (62.31%). Most had active disease at inclusion, with a mean + SD DAS28 score of
4.69 + 1.31, and they experienced their general health as rather low, with a mean + SD
score of 49.83 + 25.03 (Table 1). On average, patients had 6 tender and 7 swollen joints on
the 28-joint counts, which increased to 8 tender and 9 swollen joints on the 38-joint
counts. Forefoot joints were commonly affected, with 233 patients (50.76%) experiencing
tenderness and 200 patients (43.57%) experiencing swelling in 21 of the forefoot joints.
Based on both the 28- and the 38-joint counts, 7 patients were in remission according to
the new Boolean-based ACR/EULAR definition of remission. None of the remission
patients experienced tenderness or swelling in their forefoot joints.
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Table 1 — Baseline characteristics of the 459 rheumatoid arthritis patients included in the cohort*.

Variable Value
Age, years 57.76 £14.70
Female, no. (%) 286 (62.31)
DAS28 score 4.69+1.31
TiC28 5.60 + 5.55
TIC38 7.90+7.26
SJc28 7.39+5.60
SIC38 9.15+6.73
VAS for general health, mm 49.83 +25.03
ESR, mm/hour 29.16 + 20.89
CRP level, mg/| 21.11 +35.80
> 1 tender MTP joint, no. (%) 233 (50.76)
> 1 swollen MTP joint, no. (%) 200 (43.57)
> 1 tender MTP joint, no. (%) 196 (42.70)
> 1 swollen MTP joint, no. (%) 170 (37.04)

* Values are the mean + SD unless otherwise indicated. DAS28 = Disease

Activity Score in 28 joints, TIC = tender joint count, SIC = swollen joint count,

VAS = visual analog scale, ESR = erythrocyte sedimentation rate, CRP = C-

Fit and global reliability

reactive protein, MTP = metatarsophalangeal

The results showed a good fit to the GPCM for both the 28- and 38-joints counts, since all
of the effect sizes were well below 0.10 (Table 2).

Table 2 - Fit of the joint counts to the generalized partial credit model and associated global reliability levels*.

Instrument Reliability Maximum effect size of Lagrange
Multiplier Q1 tests over items
TIC28 0.827 0.03
Sic28 0.860 0.04
TIC38 0.861 0.06
SIC38 0.869 0.04

* TJC = tender joint count, SIC = swollen joint count

All of the joint counts showed reliabilities acceptable for individual use (r>0.85) except for

the TJC28, which was sufficiently reliable for group use, but slightly below the level for

individual use. Reliability of the 28-joint counts only marginally increased when the

forefoot joints were added to the instrument.
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Local reliability and measurement range

Both the TJC28 and the SJC28 only measured reliably for patients with a moderate to high
degree of joint pain (r >0.80 for -0.3 < © < 2.8 and -0.7 < © < 2.2, respectively). Most
information was provided by the small MCP and PIP joints, whereas larger joints
contained only a limited amount of information. Although Figures 1 and 2 demonstrate
that these measurement ranges became slightly broader after inclusion of the forefoot
joints (TJC38: r >0.80 for -0.5 < © < 3.1; SIC38: r >0.80 for -0.8 < O < 2.7), the forefoot
joints did not provide a high amount of information to the SJC, indicating that they do not
contribute much to the estimation of joint swelling. Furthermore, in both joint counts, the
forefoot joints mainly contained information along a range of the underlying scale already
covered by the joints of the TJC28 and SJC28. (Graphical representations of the separate
calibrations of the 28- and 38-joint counts are available from the corresponding author
upon request.)

Patient-joint distributions

TJC38
Figure 3 shows a discrepancy between the patient and the joint distribution of the TJC38.

Where the joint distribution spreads from 0.65 to 3.07, the patient distribution is much
broader (spreading from -1.48 to 3.51). The items cluster together in a small range at the
right half of the person distribution. Consequently, patients with only a minor degree of
joint tenderness are not adequately measured by the included joints. The lower
measurement precision for these patients also diminishes the instrument’s ability to
discriminate between patients with varying degrees of joint tenderness.

The 2 joints located most to the right are the elbow joints, restricting their relevance
to the small proportion of patients located in the right tail of the person distribution in
particular. The forefoot joints, on the other hand, appear to be relevant for a larger
proportion of the early RA sample, since they are located more in the middle of the
patient distribution. However, their contribution to the measurement of disease activity is
limited because they function along a range already covered by other joints of the
instrument.

71



Contribution of assessing forefoot joints in early rheumatoid arthritis patients
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Figure 1 — Test and item information curves of the tender joint counts (TJCs). The top graph shows the test

information curves of the TJC28 and TJC38 with associated local reliability levels (r). The bottom graphs show the
item information curves of the TJC38 for the joints on the left side (left column) and right side (right column) of
the body. Sho = shoulder, Elb = elbow, Wri = wrist, MCP = metacarpophalangeal, PIP = proximal interphalangeal,
MTP = metatarsophalangeal.
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Test information curves 28- and 38-swollen joint counts
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Figure 2 — Test and item information curves of the swollen joint counts (SJCs). The top graph shows the test
information curves of the SJC28 and SJC38 with associated local reliability levels (r). The bottom graphs show the
item information curves of the TJC38 for the joints on the left side (left column) and right side (right column) of
the body. Sho = shoulder, Elb = elbow, Wri = wrist, MCP = metacarpophalangeal, PIP = proximal interphalangeal,
MTP = metatarsophalangeal.
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Figure 3 - Graphical representation of the patient distribution (top graph) and the joint distribution (bottom
graph) of the 38 tender joint count. Shaded dots in the joint distribution show the forefoot joints. Measurement
precision is optimal at the scale location of each joint.

SJC38

The SJC38 also shows a large discrepancy between the patient and joint distributions
(Figure 4). The patient distribution ranges from -1.78 to 4.03, whereas the joint
distribution spreads from -0.20 to 8.95. Five joints fall outside the range covered by the
person distribution (elbows, shoulders and right knee), diminishing their relevance to the
early RA sample. Of the 10 forefoot joints, 4 joints function along a range of the scale not
yet covered by other joints. Nevertheless, inclusion of these forefoot joints is only
relevant for a small proportion of the patients, since they measure most precisely for the
patients located in the right tail of the person distribution.
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Figure 4 - Graphical representation of the patient distribution (top graph) and the joint distribution (bottom
graph) of the 38 swollen joint count. Shaded dots in the joint distribution show the forefoot joints. Measurement

precision is optimal at the scale location of each joint.

Discussion

The results showed no relevant effect of the inclusion of forefoot joints on a population
level of patients with early RA, confirming conclusions from previous studies [8, 22]. The
global reliability was already acceptable for group use when forefoot joints were
excluded, the measurement range did not become significantly broader after the inclusion
of forefoot joints, and the discrepancy between the joint and the patient distribution for
both the TJC and the SJC remained large.

On an individual level, however, the assessment of forefoot joints might be relevant
for a large proportion of the individual patients, given the high prevalence rates of
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affected forefoot joints in the early RA sample, which was also found by van der Leeden et
al [6]. Since the anchor remission is rapidly becoming more important within
rheumatology, these results show the importance of including forefoot joints. Moreover,
researchers or clinicians interested in tracking the disease course of an individual patient
might want to include the forefoot joints in both the TIC as well as the SIC, since these
joints can contain important information about and might give a more complete image of
the development of the patient’s disease [23]. These results are consistent with earlier
findings emphasizing the importance of forefoot joints on an individual level [2, 22].
Nevertheless, the information curves did show a large discrepancy between the forefoot
joints’ information value in the TJC and SJC. Where the forefoot joints appeared to be
informative for the TJC, their information value for the SJC was almost negligible. These
results suggest that inclusion of the forefoot joints might be more useful for measuring an
individual patient’s degree of joint tenderness than for measuring his or her degree of
joint swelling. The limited information value of forefoot joints in the SJC might be
explained by the clinical experience that the assessment of swelling in the forefoot joints
is more difficult than in other joints [8]. Nevertheless, the results did show that 4 forefoot
joints of the swollen joint count functioned along a range of the scale not yet covered by
other joints. Although, inclusion of these forefoot joints was only relevant for a small
proportion of the patients, diminishing its relevance on a population level, it might have
significant implications on response criteria and early classification of individual patients.
On the other hand, the joints of the elbows, shoulders, and right knee fall outside the
range covered by the person distribution, casting doubt on their relevance for the early RA
sample. Future work could focus more on the relevance of these large joints that are
included in the reduced joint counts and on the relevance of the forefoot joints on an
individual level.

This study gives new methodological support to earlier research showing that the
reduced 28-joint counts can be useful for assessing baseline disease activity at a
population level (e.g. as indicators of hospital performance or in clinical trials), but that
more extensive joint counts might be preferable for following the disease course of the
patients in daily clinical practice [5, 23]. Since foot joints, particularly the MTP joints, are
commonly affected in RA [5], the main interest of this study was in the effect of the
inclusion of forefoot joints on the measurement range and measurement precision of the
joint count. Data were derived from 44-joint counts of tenderness and swelling, and
consequently, other foot joints such as the tarsometatarsal joints and the tarsal joints
within the midfoot, were not included in this study. To make study results comparable to
and consistent with the study of van Tuyl et al [8], the ankle joints were excluded as well
and analyses were based on 38-joint counts. If the outcome of interest is the whole foot,
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however, future work should also focus on investigation of midfoot and hindfoot joint
swelling and tenderness.

A limitation of this study is that, where previous studies evaluated misclassifications of
RA disease activity due to the omission of forefoot joints [2, 8], this could not be
evaluated in this study because only baseline measures were used with almost no patients
in remission. Data from followup measurements must be analyzed in future research to
determine the impact of the inclusion or exclusion of forefoot joints on RA disease activity
classifications.

Another reason for analyzing followup measurements is to examine whether the
results of this study are also applicable beyond patients with a recent diagnosis. The
pattern of joint involvement at diagnosis might not necessarily resemble the pattern at
later measurement points or posttreatment. Consequently, the results might not apply
equally to patients in a later stage of RA treatment.

All participating patients were clinically diagnosed with RA. The finding that 7 of these
patients were already in a state of remission according to the ACR/EULAR criteria despite
having symptoms that led to a diagnosis of RA can be explained by the use of different
classification instruments for the clinical diagnosis of RA and the determination of
remission. To be classified as being in a state of remission, the Boolean-based ACR/EULAR
criteria were used [13], which means that a patient had to have TIC, SIC, CRP level (in
mg/dl), and patient global assessment (on a scale of 0-10) scores that were all <1. For a
clinical diagnosis of RA, on the other hand, the 2010 ACR/EULAR classification criteria for
RA were used [24]. According to these criteria, RA is present when the patient experiences
synovitis in at least 1 joint that cannot be explained any better by an alternative diagnosis.
In addition, a total score of 6 or higher (with a maximum of 10) has to be obtained on the
number and site of involved joints (score 0-5), the serologic abnormality (score 0-3), the
symptom duration (score 0-1), and the elevated acute-phase response (score 0-1).

In conclusion, forefoot joints were frequently affected on an individual level, but the
inclusion of forefoot joints did not significantly improve the measurement range or
measurement precision of the TJC and SJC in patients with early RA. From a measurement
perspective, reduced joint counts are appropriate to use on a population level. The
contribution of assessing forefoot joints on an individual level could be important
clinically, and requires further investigation. Additionally, the applicability of these study
results should be examined beyond patients with a new diagnosis to determine whether
the pattern of joint involvement at diagnosis resembles the pattern at later stages of RA.
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Interchangeability of the DAS28-ESR and DAS28-CRP

Abstract

This paper aims to examine the interchangeability of the disease activity score in 28 joints
(DAS28)-erythrocyte sedimentation rate (ESR) and DAS28-CRP scores in a diverse sample
of rheumatoid arthritis (RA) patients and to evaluate generalizability over gender, age,
and disease duration. A sample of 682 patients was drawn from the DREAM registry.
Agreement between the two DAS28 scores was analyzed using the intraclass correlation
coefficient (ICC), Bland Altman plots, and a matrix of classification agreement over DAS28
disease activity categories. Despite a strong linear correlation between the DAS28 scores
and a high ICC value of 0.931, a considerable lack of individual agreement could be
observed, with Bland-Altman 95% limits of agreement ranging between -0.85 and +1.25
points. On average, DAS28-CRP scores were 0.20 points lower than DAS28-ESR scores, and
data stratification on age and gender showed that this systematic bias was most severe in
older women (0.39 points). The overall classification agreement across DAS28 categories
was 76.69%, with the agreement being lowest (35.37%) in the low disease activity group.
Patients were more easily classified as being in remission when using the DAS28-CRP
measure. DAS28-ESR and DAS28-CRP scores are not interchangeable within individuals.
The DAS28-CRP tends to yield lower values of disease activity than the DAS28-ESR,
resulting in substantial classification differences.
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Introduction

The disease activity score in 28 joints (DAS28) is a widely used outcome measure for
assessing disease activity in rheumatoid arthritis (RA) patients [1]. It combines information
on joint tenderness and joint swelling with a marker of inflammation and a patient-
reported measure of general health. The DAS28 is not only widely used in clinical trials but
is also often embedded within treatment protocols to monitor patients in daily clinical
practice [2, 3]. Furthermore, its use is recommended by the European League Against
Rheumatism (EULAR) [4].

Although the DAS28 was originally developed with the erythrocyte sedimentation rate
(ESR) as inflammatory marker (i.e. the DAS28-ESR), it has since been suggested that
C-reactive protein (CRP) may be used as an equivalent, which led to the development of a
separate scoring algorithm of the DAS28, the DAS28-CRP [5]. However, several previous
studies demonstrated lower disease activity scores and better responses in patients
assessed with the DAS28-CRP instead of the DAS28-ESR [6-9], with a possible relationship
to the patient’s gender, age, and disease duration [6, 7, 10-14]. These score discrepancies
might lead to different interpretations of a patient’s level of disease activity and,
consequently, to the undesirable situation that treatment decisions depend on the chosen
DAS28 algorithm.

This paper aims to examine the interchangeability of the DAS28-ESR and DAS28-CRP
scores in a diverse sample of Dutch rheumatoid arthritis (RA) patients. Additionally, sub-
analyses will be performed to evaluate generalizability over gender, age, and disease
duration.

Methods

Patients

The DREAM registry collects data in multiple centers and cohorts throughout The
Netherlands while monitoring the disease of clinically diagnosed RA patients undergoing a
variety of treatment strategies. Data was drawn from two different IRB approved studies
within this registry, including all patients who had a valid measure of both the DAS28-ESR
and the DAS28-CRP. This resulted in a heterogeneous group of males and females of
various ages (all 18 years or older), with either early RA or longstanding RA. Informed
consent was obtained from each patient.
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Measures of disease activity

The DAS28 scores were calculated during each hospital visit using to the following
formulas [4]:

i) DAS28-ESR = 0.56 x ,/TJC28 + 0.28 x,/SJC28 + 0.70 » Ln(ESR) + 0.014 = GH
ii) DAS28-CRP = 0.56 * ,/TJC28 + 0.28 % ,/SJC28 + 0.36 * Ln(CRP + 1) + 0.014 * GH + 0.96

where the TJC28 = tender joint count in 28 joints, SIC28 = swollen joint count in 28 joints,
and GH = a patient-reported visual analog score of general health (on a scale of 0-100)
[15]. CRP and ESR measures were determined on site, according to local standard practice.

Patients were classified into groups according to their current level of disease activity,
i.e. remission if DAS28 <2.6, low disease activity if 2.6 < DAS28 < 3.2, moderate disease
activity if 3.2 < DAS28 < 5.1, and high disease activity if DAS28 >5.1 [4].

Statistical analysis

Agreement between the DAS28-ESR and DAS28-CRP was first examined with a scatter plot
and the two-way random, absolute agreement, single measures intraclass correlation
coefficient (ICC). Next, Bland-Altman plots [16] were made to gain more insight into the
size of individual differences over the total range of DAS28 scores. A Bland-Altman plot
graphs the differences between the two DAS28 scores against their mean scores [16]. The
plot reflects the average degree of bias (i.e. the mean difference), together with the 95%
limits of agreements (i.e. the mean score + 1.96 * standard deviation). Besides Bland-
Altman analyses on the total patient sample, sub-analyses were performed based on
disease duration (< 1 year vs. 2 1 year), age (< 60 years vs. = 60 years), and gender. Finally,
classification agreement of the DAS28-ESR and DAS28-CRP across DAS28 categories (i.e.
remission/low/moderate/high disease activity) was determined, as well as category-
specific agreement. All analyses were performed using SPSS version 21.0.

Results

Patient characteristics at baseline

Data was collected from a sample of 682 rheumatoid arthritis patients, predominantly
female (62.8%), with a mean age slightly below 60 years (57.69), and a mean disease
duration of 1.51 years. Most patients did experience pain and swelling in their joints, had
a diminished degree of general health and physical functioning, and showed a moderately
active disease with a DAS28-ESR score of 3.88 and a DAS28-CRP score of 3.68 (Table 1).
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Table 1 — Patient characteristics at baseline.

Characteristic Score range of Mean (SD)
measure Or
Median (range)*

Gender (female) - 428/682 (62.8%)
Age (years) - 57.69 (13.85)
Body mass index (kg/m?) - 26.47 (4.62)
Disease duration (years) - 0(0-51)
DAS28-ESR 0-10 3.88 (1.61)
DAS28-CRP 0-10 3.68 (1.45)
28-Tender joint count 0-28 2 (0-28)
28-Swollen joint count 0-28 3 (0-28)
General health 0-100 41.11 (26.60)
ESR (mm/hour) 0-140 18 (1-120)
CRP (mg/l) 0-999 5 (1-158)
Pain 0-100 40.74 (26.81)
SF36 — physical health 0-100 38.20(9.37)
SF36 — mental health 0-100 48.68 (11.46)
HAQ 0-3 0.88 (0-3)

* The values for gender are the number of patients/number of patients assessed.
DAS28 = disease activity score for 28 joints, ESR = erythrocyte sedimentation rate,
CRP = C-Reactive Protein, SF36 = Short Form Health Survey with 36 items,
HAQ = Health Assessment Questionnaire.

Agreement

Results showed a high ICC value of 0.931 and a strong, linear correlation between the
DAS28-ESR and DAS28-CRP with a Pearson correlation coefficient of 0.945 (Figure 1).
Despite this high correlation, the Bland-Altman plot showed a considerable lack of
agreement between the DAS28-ESR and DAS28-CRP, with 95% limits of agreement ranging
between -0.85 and +1.25 points (Figure 2). On average, DAS28-CRP scores were 0.20
points lower than DAS28-ESR scores.

The amount of bias was dependent on the mean of the two DAS28 scores (r=0.31,
p<0.01), with larger discrepancies for higher levels of disease activity (i.e. mean DAS28
values > 4.0). Contrarily, for very low levels of disease activity, the DAS28-ESR tended to
yield lower values than the DAS28-CRP (Figure 3).

Sub-analyses on disease duration, age and gender resulted in comparable Bland-
Altman plots (Figure 4). Bias was most pronounced in RA patients with a disease duration
<1 year (0.21 points compared to 0.12 points in patients with a longer disease duration)
and in older women (0.39 points vs. 0.16 for younger women, -0.03 for younger men, and
0.21 for older men).
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Figure 1 — The DAS28-ESR scores (x-axis) plotted against DAS28-CRP scores (y-axis). Each
point corresponds to a single patient. The solid line indicates perfect agreement between
the two DAS28-scores.
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Figure 2 — Bland Altman plot of the DAS28-ESR and DAS28-CRP scores. The dashed line in
the middle indicates the mean differences between both measures and the upper and

lower dotted lines represent the 95% limits of agreement. The solid line shows the
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Figure 3 — Corresponding DAS28-CRP scores (thin line) to increasing DAS28-ESR scores (thick line).

Distribution disease activity groups

Overall, there was a 76.69% classification agreement across DAS28 categories. In case of
disagreement, the DAS28-CRP more often yielded a lower DAS28 classification than the
DAS28-ESR (120 (75.47%) vs. 39 (24.53%) times, respectively). Category-specific
agreement was generally high (>79%), except for the low disease activity group, where it
was only 35.37%. Patients were more easily classified as being in remission when using
the DAS28-CRP (Table 2).

Table 2 — Comparison of disease activity according to the DAS28-ESR vs. DAS28-CRP.

CRP Remission Low disease Moderate High disease Total
ESR activity disease activity activity
(DAS28 <2.6) (2.6 < DAS28 <3.2) (3.2 <DAS28<5.1) (DAS28 >5.1)

Remission 148 (21.70) 13(1.91) 8(1.17) 0(-) 169 (24.78)
Low disease activity 31 (4.55) 26 (3.81) 13(1.91) 0(-) 70 (10.26)
Moderate disease activity 14 (2.05) 38 (5.57) 222 (32.55) 5(0.73) 279 (40.91)
High disease activity 0(-) 0(-) 37 (5.43) 127 (18.62) 164 (24.05)
Total 193 (28.30) 77 (11.29) 280 (41.06) 132 (19.35) 682 (100)

The values correspond to the number of people in that category (%). A patient reaches remission if DAS28 <2.6,
low disease activity if 2.6 < DAS28 < 3.2, moderate disease activity if 3.2 < DAS28 < 5.1, and high disease
activity if DAS28 >5.1. ESR = erythrocyte sedimentation rate, CRP = C-reactive protein.
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Figure 4 - Bland Altman plot analyses of the DAS28-ESR and DAS28-CRP scores, divided into groups of different

disease duration (a and b) and groups of different age and gender (c-f). Within each plot, the dashed line in the

middle indicates the mean differences between both measures and the upper and lower dotted lines represent
the 95% limits of agreement. The solid line shows the regression line of the average difference.
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Discussion

Despite the high correlation between both DAS28 scores and the “reasonably high”
percentages of classification agreement over DAS28-categories, the DAS28-CRP tended to
yield lower scores than the DAS28-ESR. These findings are consistent with previous studies
[6-9] and emphasize the need for awareness of the score discrepancies between these
two measures in order to improve standardization to make scores not only comparable
within patients, but also between patients [7].

If the DAS28-CRP truly underestimates disease activity, this might preclude its use in
treat-to-target strategies aimed at reaching sustained remission [8]. On the other hand,
one might argue that the DAS28-ESR overestimates disease activity, whereby patients
receive unnecessary medication if judgments are based solely on this score. Either way,
the use of either one of these measures might lead to different interpretations of a
patient’s level of disease activity and, as a result, might lead to different treatment
decisions. Nevertheless, one should keep in mind that the DAS28 scores are primarily
statistical representations of a patient’s disease activity and not necessarily clinical
representations. They may serve as a guide but in clinical practice, rheumatologists may
still observe disease activity while the DAS28 points towards a state of remission.

Category-specific agreement was especially poor within the low disease activity group.
This is in accordance with the findings of Hensor et al. [9] and might (partly) be due to the
lower number of patients in this category compared to the other categories; however, it
does demonstrate the main area of concern when both DAS28 measures are assumed to
be interchangeable. When using the DAS28-CRP, patients might too easily be categorized
as being in remission.

Inconsistent instrument performances were also found over age, gender and disease
duration. Consistent with findings from Matsui et al. [6], the differences in the mean
values between the DAS28-ESR and DAS28-CRP were larger for females than for males
and increased with age. However, Matsui et al. [6] also found larger differences as disease
duration increased, whereas we found that differences were largest in the RA group with
disease duration < 1 year. This might be due to the composition of our groups. By splitting
the group at a disease duration of 1 year, both groups will contain patients with relatively
short disease duration. However, this low cut-off point of 1 year was chosen because of
the large number of patients with a disease duration of less than 1 year (N=579) vs.
patients with a disease duration > 1 year (N=103). Consequently, effects of longer disease
duration could not be adequately evaluated within this study.

Since the contribution of the tender joint count, swollen joint count, and general
health measure are equal within the DAS28-ESR and DAS28-CRP (i.e. they have the same
weighing in the algorithm), score deviations are completely attributable to differences in
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the ESR and CRP values. Although it is beyond the scope of this study to provide a
discussion about which inflammatory marker to prefer as a marker of disease activity, it is
recommended to look into this more thoroughly in future studies. Both of these markers
are measuring slightly different aspects of the disease process [17]; it is assumed that ESR
values tend to reflect the patient’s disease activity over the past few weeks, whereas CRP
values are a better reflection of short-term changes in disease activity [4-7, 17]. ESR values
are believed to be affected by age and gender, whereas CRP values are not [6, 7, 10-13].
Underlying biological mechanisms might also explain (part of) these differences [13]. For
instance, it has been shown that anaemia or abnormally shaped or sized red blood cells
might influence ESR levels [18, 19]. Unfortunately, these effects could not be evaluated in
this study because this kind of data was not available.

The score deviations cannot simply be solved by adding a constant to the DAS28-CRP
(or by subtracting a constant from the DAS28-ESR), since score deviations were found to
depend on the degree of disease activity. Therefore, if a rheumatologist wishes to use
both scores interchangeably, future studies should focus on finding a robust way to
handle the discrepancies in such a way that the transformation is generalizable across
distinct patient groups. However, as pointed out by Wells et al. [7] this will not be easy.
Specifying distinct disease activity thresholds for the DAS28-ESR and the DAS28-CRP might
help in making them comparable. Another solution, as discussed by Hensor et al. [9],
might be to incorporate age and gender as variables in the formula.

In conclusion, DAS28-ESR and DAS28-CRP scores are not interchangeable within
individuals. The DAS28-CRP tends to yield lower values of disease activity than the DAS28-
ESR, resulting in substantial classification differences.
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How age and sex affect the ESR and CRP in early rheumatoid arthritis

Abstract

Objective: To determine which inflammatory marker, the erythrocyte sedimentation rate
(ESR) or C-reactive protein (CRP), is least affected by age, sex, and BMI in patients with
early rheumatoid arthritis (RA).

Methods: Baseline data from 589 patients from the DREAM registry were used for
analyses. Associations between the inflammatory markers and age, sex, and BMI were
evaluated first using univariate linear regression analyses. Next, it was tested whether
these associations were independent of a patient’s current disease activity (as measured
with the other core components of the 28-joint Disease Activity Score) as well as of each
other using multiple linear regression analyses with backward elimination. The strengths
of the associations were compared using standardized beta (B) coefficients.

Results: Both ESR and CRP were univariately associated with age, sex, and BMI, although
the association with BMI disappeared in multivariate analyses. ESR and CRP levels
significantly increased with age (B-ESR=0.017, p<0.001 and B-CRP=0.009, p=0.006),
independent of the number of tender and swollen joints, patient-reported general health,
and sex. For each decade of aging, ESR and CRP levels became 1.19 and 1.09 times higher,
respectively. Furthermore, women demonstrated average ESR levels that were 1.22 times
higher than that of men (B=0.198, p=0.007), whereas men had 1.20 times higher CRP
levels (=-0.182, p=0.048). The effects were shown to be strongest on the ESR.
Conclusions: Age and sex are independently associated with the levels of both acute
phase reactants in early RA, emphasizing the need to take these external factors into
account when interpreting disease activity measures.
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Introduction

Acute phase reactants are commonly used as a measure of inflammation in rheumatoid
arthritis (RA) and are part of the provisional definition of RA remission as defined by the
ACR/EULAR [1], the ACR preliminary core set of RA disease activity measures [2], and the
28-joint Disease Activity Score (DAS28) [3]. Traditionally, the erythrocyte sedimentation
rate (ESR) has been the most widely used marker of inflammation in RA. The ESR is an
indirect measure of inflammation, which reflects the level of acute-phase plasma proteins
in the blood (e.g. fibrinogen) because these cause the red blood cells to settle more
rapidly [4]. However, a number of limitations of this inflammatory marker have become
apparent over the years. Although the test is relatively easy and inexpensive to perform,
ESR levels respond slowly to inflammatory stimuli and, thus, to changes in disease activity.
Also, because the ESR is a non-specific acute phase reactant of systemic inflammation,
elevated levels are not necessarily (solely) due to the inflammation of the rheumatic
disease. It has been shown that ESR levels can be greatly influenced by, for instance,
infections, malignancies, abnormally shaped or sized red blood cells or serum protein
concentrations [5]. They also tend to be higher in females than in males [6-11] and appear
to increase with age [6-13] and with body mass index (BMI) [4, 9, 14]. Thus, even though
the ESR is still widely used in clinical research and practice because of its familiarity, its
simplicity, and the attention it received over the years [5], these limitations may
complicate the use of ESR in assessing RA disease activity.

In an attempt to overcome some of these limitations, the C-reactive protein (CRP) has
been suggested as an alternative inflammatory marker of disease activity in RA [15]. The
CRP is a protein that is produced in the liver as a reaction to certain biologic ligands that
appear when inflammation develops [4]. Many studies tend to favor CRP over ESR in
assessing RA inflammation [16], as it is believed to give a better reflection of current
disease activity than ESR because of its more rapid response to increases or decreases in
inflammatory stimuli [4, 5]. Another commonly supposed advantage of CRP is its lower
susceptibility to external confounding factors like age and sex, compared to the ESR [4].
However, an extensive number of studies have suggested that CRP may exhibit similar
dependencies on age [12, 17-19], sex [18-20], and BMI [4, 14, 17-19, 21-23].

As current RA treatment guidelines strongly emphasize early and aggressive treatment
aiming at fast remission [24, 25], optimal measurement of inflammation in this patient
group is becoming increasingly important. To date, however, it remains unclear which
inflammatory marker is affected most strongly by the external effects of age, sex, and BMI
in patients with early RA.
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Methods

Patients

Data were used from the remission induction cohort of the Dutch Rheumatoid Arthritis
Monitoring (DREAM) registry [26]. This observational multicenter cohort included newly,
clinically diagnosed patients with RA who experienced symptoms for less than a year. Only
patients who had a valid baseline measure of both the ESR and the CRP were included for
analyses. All patients were 18 years or older and had not used DMARDs or prednisolone
before. Patient recruitment took place from 2006 to 2012 and data collection of included
patients is still ongoing. Patients followed a treat-to-target treatment protocol that aimed
at a fast remission (DAS28 <2.6). This protocol has been described elsewhere [26, 27].
Informed consent was obtained from each patient. No ethical approval was required, as
evaluated by the ethics committees of the participating hospitals and in accordance with
Dutch law, since all data collected are part of daily clinical practice.

Measures

Baseline data was collected on several demographic, clinical, and patient-reported
measures. The patient’s age, sex, and rheumatoid factor were registered, BMI was
calculated as the ratio of weight in kilograms and the square of the height in meters
(kg/m?), physical functioning was assessed with the Health Assessment Questionnaire
(HAQ; score range 0-3, where higher values reflect worse outcomes) [28], and physical
and mental health status with the Short Form Health Survey with 36 items (SF-36; score
range 0-100, where lower values reflect worse outcomes) [29]. At each visit, disease
activity was assessed by a trained rheumatologist or nurse practitioner following a
standardized procedure using either the DAS28-ESR or the DAS28-CRP [3, 15]. The DAS28
is an index measure including a 28-joint count of both tenderness and swelling (TJC28 and
SJC28, score range 0-28), a patient reported visual analog scale of general health (GH,
score range 0-100), and an inflammatory marker, which can be either the ESR or the CRP.

Statistical analysis

BMI was divided into 3 categories (i.e. normal weight [<25 kg/m?], overweight [25-30
kg/m?], and obese [>30 kg/m?]) and the values of the ESR and CRP were natural-log-
transformed to normalize their distributions. The associations between the inflammatory
markers and age, sex, and BMI were evaluated using univariate linear regression analyses
first (using p<0.10 for significance). Next, it was tested whether these associations were
independent of a patient’s current disease activity (as measured with the other core
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components of the DAS28) as well as of each other by performing multiple linear
regression analyses with backward elimination. Possible interaction terms of the
remaining variables were tested for significance. Standardized beta coefficients were used
to compare the strength of the relationships in the final models. All analyses were
performed using SPSS, version 21.0. Statistical significance in the multivariate analyses
was defined as p<0.05.

Results

Patients

A total sample of 589 early RA patients was included for analyses. At inclusion, patients
had active disease as characterized by a DAS28 score > 2.6 (i.e. the cut-off point for not
being in remission), several tender and swollen joints, and a diminished feeling of general
and physical health (Table 1). Patients were on average 58 years old, the majority being
female, and most had some degree of overweight (60.7% had a BMI > 25 kg/m?).

Table 1 — Characteristics of the study population at inclusion.

Characteristic Mean (SD) or
Median (range)*
Sex (female) 362/589 (61.5%)
Age (years) 57.34 (14.20)
Body mass index (kg/m?) 26.59 (4.44)
Normal (N=198) 22.64 (1.89)
Overweight (N=209) 27.09 (1.35)
Obese (N=97) 33.54 (3.23)
ESR (mm/hour) 21.00 (1-131)
CRP (mg/l) 7.00 (1-238)
28-Tender joint count 3.00 (0-28)
28-Swollen joint count 5.00 (0-28)
General health 44.55 (26.39)
DAS28-ESR 4.23 (1.51)
DAS28-CRP 4.00 (1.35)
SF36 — physical health 37.41(9.32)
SF36 — mental health 48.13 (11.59)
HAQ 0.99 (0.72)
Rheumatoid factor positive 285/520 (54.8%)

* The values for sex are the number of patients/number of patients
assessed. DAS28 = disease activity score for 28 joints, ESR = erythrocyte
sedimentation rate, CRP = C-Reactive Protein, SF36 = Short Form Health

Survey with 36 items, HAQ = Health Assessment Questionnaire.

97



How age and sex affect the ESR and CRP in early rheumatoid arthritis

Univariate analyses

Without controlling for possible confounding factors, both ESR and CRP levels increased
with age and tended to increase with BMI (Table 2). Furthermore, women tended to have
higher ESR levels than men, whereas men tended to have higher CRP levels.

Table 2 — Univariate associations of the inflammatory markers (ESR and CRP) with age, sex, and BMI.

Univariate association Unstandardized coefficient Standardized coefficient p-value
Beta Standard error Beta

ESR
Age 0.019 0.003 0.296 <0.001
Female sex 0.136 0.078 0.072 0.083
Overweight 0.048 0.088 0.027 0.587
Obese 0.190 0.110 0.084 0.086

CRP
Age 0.013 0.003 0.164 <0.001
Female sex -0.183 0.096 -0.078 0.057
Overweight 0.248 0.109 0.111 0.023
Obese 0.250 0.136 0.089 0.067

* Analyses were performed on the naturally log-transformed ESR and CRP values to normalize their distributions.
ESR = erythrocyte sedimentation rate, CRP = C-reactive protein. The males and normal weight patients were used
as reference categories.

Multivariate analyses

After adjusting for the other core components of disease activity that are included in the
DAS28 (i.e. the TJC28, SIC28, and GH), sex and age were still independently associated
with both inflammatory markers, while BMI was no longer related to a patient’s ESR or
CRP level (Table 3). Although the effects of age were slightly attenuated, the effects of sex
were not and became even stronger in the ESR model.

Thus, obese patients did not show significantly higher levels of ESR or CRP (mean + SD
ESR: 29.34 + 21.87, CRP: 17.30 £ 22.06) than overweight (ESR: 26.28 + 18.76, CRP: 18.14 +
19.84) or normal weight patients (ESR: 26.70 + 22.25, CRP: 16.97 + 24.21). On the other
hand, ESR and CRP levels did significantly increase with age (B-ESR=0.017, p<0.001 and
B-CRP=0.009, p=0.006), independent of the number of tender and swollen joints, the
patient-reported degree of general health, and the patient’s sex. The unstandardized
betas (0.017 vs. 0.009) represent the change of the natural-log-transformed ESR and CRP
levels, respectively, for each year of aging. Transformed back to their normal values, this
means that for each decade of aging the ESR and CRP levels become 1.19 and 1.09 times
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higher, respectively. Furthermore, women demonstrated average ESR levels that were
1.22 times higher than those of the men ($=0.198, p=0.007), whereas men had 1.20 times
higher CRP levels (f=-0.182, p=0.048). The effects of age and sex were strongest in the ESR
model, indicating that the ESR is more sensitive to the effects of these external factors.
Although there were no significant interactions between age and sex (interaction ESR
model: p=0.222 and interaction CRP model: p=0.665), differences in ESR and CRP between
male and female patients appeared to gradually decrease with age (Table 4).

Table 3 — Multivariate associations of the inflammatory markers (ESR and CRP) with age and sex.

Variables* Unstandardized coefficient Standardized coefficient p-value
Beta Standard error Beta

ESR model
TJC28 -0.012 0.008 -0.074 0.115
SJc28 0.044 0.008 0.258 <0.001
General health 0.006 0.001 0.171 <0.001
Female sex 0.198 0.073 0.104 0.007
Age 0.017 0.003 0.264 <0.001

CRP model
TJC28 -0.001 0.010 -0.006 0.908
SJc28 0.058 0.010 0.280 <0.001
General health 0.008 0.002 0.180 <0.001
Female sex -0.182 0.092 -0.078 0.048
Age 0.009 0.003 0.108 0.006

* ESR = erythrocyte sedimentation rate, CRP = C-reactive protein, TIC28 = tender joint count in 28-joints,
5JC28 = swollen joint count in 28-joints

Table 4 — ESR and CRP levels in men and women per age group.

Men (N=227) Women (N=362)

Variable* Mean (sd) Variable* Mean (sd)

ESR ESR

Age group Age group
<55 years (n=70) 18.96 (19.43) <55 years (n=161) 22.14 (20.90)
55 - 65 years (n=80) 24.34 (22.72) 55 - 65 years (n=95) 28.84 (22.93)
>65 years (n=77) 31.87 (18.73) >65 years (n=106) 31.65 (19.98)

CRP CRP

Age group Age group
<55 years (n=70) 16.13 (20.43) <55 years (n=161) 12.62 (18.57)
55 - 65 years (n=80) 19.64 (25.81) 55 - 65 years (n=95) 17.96 (30.63)
>65 years (n=77) 19.40 (22.55) >65 years (n=106) 18.93 (22.82)

* ESR = erythrocyte sedimentation rate, CRP = C-reactive protein
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Discussion

Age and sex were independently associated with the levels of both acute phase reactants
in early RA, although the effects appeared to be strongest on the ESR. These results
emphasize the need to take these external factors into account when interpreting disease
activity in patients with early RA. Because the acute phase reactants tend to increase with
age, independent of other core measures of disease activity, the disease activity of older-
aged patients might be overestimated. Also, ESR values are more likely to be elevated in
women than in men, whereas the opposite appears to be the case for CRP.

Although no significant interactions were found between age and sex, the gradually
decreasing differences in ESR and CRP between male and female patients with age are
consistent with findings from Radovits et al. [11]. Furthermore, the finding that the ESR
tends to be more elevated in women than in men is consistent with the results of previous
studies [7-11]. However, inconclusive results have been reported on sex differences in CRP
levels. Where Lee et al. [19] found CRP values to be higher in males than in females, other
studies have reported the opposite [18, 20]. Ethnic differences across population samples
(including genetic variations, diet, and lifestyle) [9, 19] and the use of different
measurement methods for determining the CRP levels may possibly explain these diverse
results. Since the patient population of this present study is probably more similar to the
France and US populations of Piéroni et al. [18] and Lakoski et al. [20], respectively, than
the Korean population examined by Lee et al. [19] it was expected to find higher CRP
levels in females as well. Nevertheless, the exact underlying mechanisms behind these
dependencies remain unknown and all these previous studies were conducted in healthy
community populations instead of in samples with active disease. Perhaps the underlying
processes of early RA, certain lifestyle differences, the higher prevalence of obesity in the
women, hormonal factors, or differences in metabolic risk factor [10, 11, 19] might
(partly) explain the higher baseline CRP levels in men in this study. However, this warrants
further research.

Although one recent study in general RA patients concluded that age was unrelated to
CRP [11], Ranganath et al. [12] did find significant associations of age with both
inflammatory markers in early RA. Likewise, the increasing inflammatory marker levels
with age are consistent with a wide variety of other studies [7-10, 12, 13, 17-19]. Like sex
differences, the increasing ESR and CRP levels with age might be explained by certain
immunological or hematological changes and, for instance, hormonal changes in women
who reach the menopause [10, 11, 13]. Furthermore, it has been suggested that RA in
older aged people might be more severe than in the young [11]. Supplementary post-hoc
analyses did indeed show significantly more swollen joints, higher inflammatory values,
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and a more active disease according to the DAS28-ESR score in the two highest age groups
(55-65 and >65 years old) compared to the youngest group (<55 years old).

In contrast to previous studies, no independent association between BMI and acute
phase reactants was found. It has been suggested that higher BMI levels (i.e. overweight
or obese) promote a higher secretion of interleukin-6 (IL-6), a pro-inflammatory cytokine,
regulating the secretion of the acute phase reactants [17-19, 22]. The proportion of obese
patients in this study may have been too small to detect these effects (15.2% of the men
and 21.7% of the women) or perhaps BMI does not yet have a significant influence this
early on in the disease. To evaluate whether the associations changed over time, the
multivariate analyses were repeated on all available sample data at 1 year (data not
reported) and, interestingly, BMI did indeed become significantly associated with both the
ESR and the CRP at this point in time, indicating its possible importance at later stages of
the disease. Age continued to be significantly associated at 1 year, although this
relationship was no longer linear but increased exponentially. Sex, on the other hand, was
still significantly associated with ESR levels (showing higher levels in females), but was no
longer significantly associated with CRP.

A possible limitation of the current study might be the exclusion of other potential
confounding variables, such as certain lifestyle factors (e.g. smoking or physical activity),
dietary patterns, or medication use (e.g. estrogen, steroids, or NSAIDs) [17-19, 21, 30].
Follow up analyses including a patient’s rheumatoid factor and physical functioning (as
measured with the HAQ) were carried out and they did indeed point to other possible
dependencies as well. In case of the ESR model, both sex and age remained significantly
related but, in addition, physical functioning was significantly related as well (p=0.001)
and rheumatoid factor approached significance (p=0.053). This indicates that rheumatoid
factor positivity as well as a deteriorating physical functioning are both related to higher
levels of the ESR. In the CRP model, on the other hand, sex lost its significance and was
replaced by physical functioning (p<0.001), while rheumatoid factor did not show a
significant association. Thus, both models point to an independent association between
the RA patients’ physical functioning and inflammatory markers. How this relationship
works remains unclear. Perhaps worsening physical health coincides with less physical
activity which has been shown to be independently associated with higher CRP levels [19,
21]. This might be related to potential positive effects of physical activity on the body
mass index. Vigorous physical activity might prevent the accumulation of abdominal fat
which, consequently, may result in a reduced IL-6 production and lower levels of the acute
phase reactants [19, 31]. Perhaps this also explains why the relation with sex dissipates in
the CRP model. If men were more active than women, this might have caused their CRP
levels to drop significantly more, reducing any sex effects [31].
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Conclusions

In conclusion, these results suggest that caution should be taken when assessing disease
activity in early RA because the ESR and CRP levels are both influenced by non-
inflammatory factors like age and sex. Consequently, disease activity might be either
overestimated or underestimated. Since the CRP appeared to be less sensitive to external
factors this might be designated as the preferred measure, which is consistent with results
from Radovits et al. [11] and Crowson et al. [16]. However, one should keep in mind that
there might be other confounding factors that have an effect on the inflammatory
markers but which were not included in this study. It could also be argued to develop
modified DAS28 scores, including an adaptation for age and sex because these are two
risk factors which cannot be modified. Miller et al. [7] already proposed a simple formula
for calculating age-adjusted ESR values. However, this was several decades ago, so
supplementary research on the possible incorporation of sex and age adjustments in the
DAS28 formula is recommended. Another solution might be to specify age and sex specific
thresholds of current disease activity scores in order to make them comparable across
patient subgroups of different age and sex. Finally, some studies have suggested to
exclude the inflammatory markers altogether from disease activity measurement, as is
done with the Clinical Disease Activity Index (CDAI) [16, 32]. However, since the
inflammatory markers are two of the most reliable components of disease activity
measures as the DAS28 [33], further research is recommended.
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Distinct trajectories of disease activity over the first year in early RA patients

Abstract

Objective: Although treat-to-target (T2T) strategies are effective in early rheumatoid arthritis
(RA) patients, important individual variations exist in the course toward remission. Growth
mixture modeling provides more insight into this heterogeneity by identifying subgroups of
patients with similar response patterns. This study aimed to identify distinct trajectories of
disease activity in early RA patients following a T2T strategy during their first year.

Methods: Data on various clinical and patient-reported measures were collected from the
Dutch Rheumatoid Arthritis Monitoring remission induction cohort. Growth mixture modeling
was applied to examine the impact of T2T on subgroups characterized by different types of
growth trajectories, as measured with the Disease Activity Score in 28 joints.

Results: Three distinct trajectories of disease activity were found. The normative trajectory
contained most patients (82.6%), showing a quickly decreasing disease activity that stabilized
at remission after 9 months. This group performed best on clinical and patient-reported
measures over time and were more likely to be men. A smaller group (14.1%) also
approached remission, but demonstrated a slower response to treatment. Finally, a minority
(3.3%) showed no improvement after 1 year, despite an initial quick decrease in disease
activity during the first months of treatment.

Conclusion: Disease activity in early RA patients during the first year of a T2T strategy does
not follow a linear pattern, nor is a single developmental trajectory applicable to all patients.
Future studies should attempt to identify more specific risk factors for poor outcome to
enable early identification of patients in need of alternative therapeutic approaches.
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Introduction

Since rheumatoid arthritis (RA) cannot yet be cured, the purpose of treatment is to reduce
disease activity as quickly and as much as possible. Disease activity is a multifactorial concept
and various components should be evaluated in order to obtain insight into the progress of
the disease. The Disease Activity Score in 28 joints (DAS28) is one of the index measures
developed to get an overall impression of a patient’s disease activity [1]. It combines a
28 tender joint count (TJC28), a 28 swollen joint count (SJC28), a laboratory measure of
inflammation, and a patient-reported rating of general health into a single measure of disease
activity.

The DAS28 is an accepted and widely used instrument, is embedded in treatment
protocols, and is often used as the criterion measure when deciding on the most appropriate
treatment for a specific patient and for evaluating treatment effectiveness over time [2, 3].
Treat-to-target (T2T) strategies have been shown to be effective in quickly reaching remission
in early RA patients in daily clinical practice [3]. However, one size may not fit all. Even though
T2T strategies are effective at a group level, this does not mean that a single T2T strategy will
be the best treatment option for all patients. Consequently, treating a heterogeneous
population of RA patients according to a relatively strictly defined treatment protocol might
not be equally advantageous for all patients.

Whereas previous studies already described the average development of disease activity
within early RA patients using a single trajectory [3-5], this study focused on the deviations
from this trajectory. By identifying distinct developmental trajectories of the DAS28, patient
groups with similar response patterns can be identified [6, 7] that might need different
treatment strategies in order to control their disease. The value of trajectory analyses has
already been recognized in previous studies. Distinct health-related quality of life trajectories
have been found within patients undergoing coronary artery bypass graft surgery [8], distinct
trajectories of pain were found within adolescents in a general population [9] and in patients
with hip osteoarthritis [10], and distinct trajectories of psychological distress were found in
RA patients [11]. However, no study has yet examined the trajectories of RA disease activity.

The aim of this study was to identify distinct trajectories of disease activity in the first year
of treatment within an early RA patient group following a T2T strategy and to examine the
patient characteristics of each identified developmental trajectory. Identifying distinct
trajectories can improve our understanding of normative and non-normative response
trajectories over time, and a description of the group characteristics might provide insight into
the reasons why certain patients respond differently than others. Identifying these distinct
trajectories in an early stage of the disease may help in refining future treatment protocols.
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Patients and methods

Patients

The present study used data from the ongoing Dutch Rheumatoid Arthritis Monitoring
remission induction cohort, an observational, multicenter cohort that was established in 2006
to evaluate the effect of a protocoled T2T strategy aimed at reaching a (sustained) state of
remission in early RA patients [2]. Subjects were included in this cohort as soon as they were
clinically diagnosed with early RA, were ages 218 years, had no history of taking disease-
modifying antirheumatic drugs (DMARDs) or prednisolone, and had a maximum symptom
duration of 1 year. The study protocol was evaluated by the ethics committees of all
participating hospitals and they determined that no ethical approval was required because
the study data was gathered during daily clinical practice, which is in accordance with the
Dutch Law. Nonetheless, informed consent was obtained from each patient.

Treatment

All patients were following a T2T treatment strategy aimed at reaching remission (DAS28
<2.6). Treatment was intensified according to protocol (Table 1) when treatment effects were
insufficient (i.e. if DAS28 was not <2.6 when treated with DMARDs and if the DAS28 was not
<3.2 when treated with anti-tumor necrosis factor a [anti-TNFa] agents).

Table 1 - Treat-to-target treatment protocol*.

Week Medication and doses

Week O MTX 15 mg/week

Week 8 MTX 25 mg/week

Week 12 MTX 25 mg/week + SSZ 2 x 1000 mg/day

Week 20 MTX 25 mg/week + SSZ 3 x 1000 mg/day

Week 24 MTX 25 mg/week + adalimumab 40 mg/2 weeks

Week 36 MTX 25 mg/week + adalimumab 40 mg/week

Week 48-52 MTX 25 mg/week + etanercept 50 mg 1x/week

1 year, 3 months MTX 25 mg/week + infliximab 3mg/kg/8 weeks (after a loading dose at weeks 0, 2 and 6)
1 year, 6 months MTX 25 mg/week + infliximab 3mg/kg/4 weeks

* MTX = methotrexate, SSZ = sulfasalazine

As soon as remission was reached, medication was held constant. If remission continued for
at least 6 months, medication doses could be reduced, starting with the medication that was
added last, and medication might even be discontinued completely. Specific details on
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medication use were not available for this study but have been described before, together
with a more elaborative description of the treatment protocol [2].

Measures

Data were collected on various clinical and patient-reported measures, including measures of
disease activity and physical functioning, laboratory measures, and other disease-related
variables. Disease activity was assessed by a trained nurse practitioner or rheumatologist
using the DAS28, which consists of a TIC28, an SJC28, a 100-mm visual analog scale (VAS) on
general health (where 0 = very good and 100 = very bad), and the erythrocyte sedimentation
rate (ESR) [1].

Furthermore, the patients rated their pain on a 100-mm VAS (where 0 = no pain and 100 =
unbearable pain) and they completed the Short Form 36 health survey in order to get an
impression of their current physical and mental health states [12]. Finally, some additional
laboratory measures were collected, including C-reactive protein (CRP) level. Blood samples
were tested with a time-resolved fluoroimmunoassay of the IgM rheumatoid factor (RF) [13]
to determine a patient’s RF.

Statistical analysis

Data at inclusion and after 3, 6, 9, and 12 months of T2T were included in the analyses.
Growth mixture modeling (GMM) was carried out to determine whether different
developmental trajectories could be distinguished. As opposed to regression, factor analysis,
and structural equation modeling, which are variable-centered approaches, GMM is a person-
centered approach, focusing on the relationships among individual patients [7]. GMM
uncovers unobserved heterogeneity in the development of the DAS28 over time by
identifying distinct subgroups within the early RA patient sample, where each subgroup
follows a different growth trajectory and where patients within a group are more similar to
each other than patients between groups [6, 7, 14]. To determine the optimal number of
classes for describing the patient population, a combination of fit indices was examined [6]. A
significant (p<0.05) adjusted Lo-Mendell-Rubin likelihood ratio test (LRT) suggests that the
model with K classes is an improvement over the model with K-1 classes. In addition,
information criteria were compared among different models, including the Bayesian
information criterion (BIC), the sample size-adjusted BIC, and Akaike’s information criterion
(AIC), where smaller values indicate a better fit of the model to the data. Finally, the entropy
value was evaluated, which shows the accuracy of the classification. Values >0.80
demonstrate good classification [6]. Both linear and quadratic models were evaluated.

After determining the best-fitting model, the groups were compared on sex compilation
and RF using cross-tab analysis. Furthermore, groups comparisons were made on clinical or
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patient-reported outcome measures at each time point using one-way analyses of variance
(ANOVAs). A Bonferroni sample size-adjusted p-value was used to test for significance. GMM
analyses were performed in Mplus, version 7.11, and cross-tab and one-way ANOVAs were
performed in SPSS, version 20.0.

Results

Patient characteristics of the total sample

An overview of the patient characteristics at baseline is shown in Table 2. Data were available
from 568 patients (62.9% women), with a mean age of 57 years and a moderately active
disease (mean DAS28 4.22). On average, patients had 5 tender joints, 6 swollen joints, an ESR
of 26.27 mm/hour, a CRP level of 16.41 mg/Il, and a rather low general health score of 43.90.
Furthermore, most patients were RF positive (59.9%), experienced pain (mean score 43.51),
and had a diminished physical health status (mean score 37.12).

Table 2 — Baseline characteristics of the patients (N=568)*.

Variables Mean * SD
Female sex, no. (%) 357 (62.9)
Age, years 57.31+14.29
DAS28 4.22+1.50
TJC28 472 +5.45
sJjc28 5.89 £5.39
General health score 43.90 +26.30
ESR, mm/hour 26.27 +20.64
Pain score 43.51 + 26.65
SF-36 physical 37.12+9.14
SF-36 mental 48.25+11.59
CRP, mg/I 16.41 £ 20.94
BMI, kg/m? 26.77 £4.52
RF positive, no./total (%) 264/441 (59.9)

* Values are the mean * SD unless indicated otherwise.
DAS28 = Disease Activity Score in 28 joints, TIC28 = 28 tender joint
count, SJC28 = 28 swollen joint count, ESR = erythrocyte
sedimentation rate, SF-36 = Short Form 36 health survey, CRP = C-
reactive protein, BMI = body mass index, RF = rheumatoid factor.

Followup measurements of the DAS28 included a decreasing number of patients, since not all
patients visited their rheumatologist every 3 months after diagnosis and because some
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patients had a followup time of <1 year: 3-month scores were available from 520 patients, 6-
month scores were available from 465 patients, 9-month scores were available from 419
patients, and 12-month scores were available from 406 patients. It was not expected that
missing data were related to the disease course. To support this claim, for every missing
DAS28 score, it was evaluated whether the measurements both before and after the missing
measurement were significant outliers in their respective distributions within the 5 time
points and the identified trajectory groups. The number of outliers was not significant (i.e.
2% of the outliers were significant, which was below the nominal significance level of 5%).

GMM

Based on clinical judgment as well as the adjusted LRT, BIC, sample size-adjusted BIC, AIC, and

entropy values, a quadratic 3-class model was selected as the most appropriate model for
describing the development of the DAS28 scores of the early RA patients (Table 3). Although
the entropy value was slightly below the cutoff value of 0.80, it was highest in this model.

Table 3 - Fit statistics for various growth mixture modeling analyses*.

2 classes, linear 3 classes, linear 2 classes, quadratic 3 classes, quadratic

BIC 7,145.305 7,163.575 6,964.097 6,977.581
Sample size-adjusted BIC 7,097.687 7,100.084 6,897.431 6,888.694
AlC 7,080.174 7,076.733 6,872.912 6,856.001
Adjusted LRT (p-value) 0.0243 0.4551 0.0029 0.0294
Entropy 0.427 0.652 0.631 0.768
Group sizes, no. 96 /472 3/65/500 108 / 460 19/80/469

* A 2-class solution means that a growth model with 2 classes was specified beforehand. Likewise, a 3-class solution
retrieves 3 distinct classes from the data. BIC = Bayesian information criterion, AIC = Akaike’s information criterion,
LRT = Lo-Mendell-Rubin likelihood ratio test

The first subgroup consisted of 469 patients (82.6%) showing a quick decrease in the DAS28
score in the early treatment stages, which slowly stabilized at the remission level after 9
months (Figure 1). This “fast response” trajectory represents the normative course. The
second subgroup consisted of 80 patients (14.1%) who did not react to the treatment as
quickly as the first group but who did show a steady decrease in disease activity, approaching
remission after 1 year of treatment. This subgroup was defined as the “slow response” group.
The third and final group was much smaller (n=19 [3.3%]) and consisted of patients who
showed no improvement after 1 year of treatment (the “poor outcome” group). Although
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their disease activity quickly decreased over the first 6 months, it flared after that, and after
12 months they were back at their initial level of disease activity.

—— "Fast response" group

DAS-28

""""" "Slow response" group

— = = "Poor outcome" group

0 3 6 9 12
Months

Figure 1 — Three distinct trajectories of the Disease Activity Score in 28 joints (DAS28) were identified within the early
rheumatoid arthritis cohort: the “fast response” group (n=469 [82.6%]), the “slow response” group
(n=80 [14.1%)]), and the “poor outcome” group (n=19 [3.3%]). For clarity, the error bars of the
“poor outcome” group are shifted a bit to the right.

Patient characteristics of the 3 trajectories

Group comparisons at baseline (Table 4) showed that the 3 identified groups did not
significantly differ in age, sex, or RF positivity, but the fast response group did have better
scores for disease activity and health status. Significantly better DAS28, TJC28, SIC28, general
health, ESR, pain, and physical health status measures were found compared to the slow
response group, and better DAS28 and TJC28 measures were found compared to the poor
outcome group. Aside from some small deviations, comparable results were found on
subsequent measurement points (results not shown). In addition, analyses showed that the
poor outcome group performed significantly better than the slow response group after 3 and
6 months, but had the worst performance of all groups after 12 months.
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Table 4 — Results of the one-way ANOVAs testing differences between groups at baseline*.

Variable Fast response Slow response Poor outcome F value p
group (n=469) group (n=80) group (n=19)

DAS28" 4.01+1.44 5.24+1.28 511+1.72 27.949 0.000*
TiC28t 3.96 + 4.60 8.58+7.40 7.21+7.56 29.219 0.000*
sJc288 5.48 £5.18 7.75+5.62 8.05+7.35 7.820 0.000*
General health$ 41.79 £25.91 54.82 + 25.83 50.11 + 26.96 9.060 0.000%
ESRS 24.62 +19.52 34.79 +24.39 31.06 +21.99 8.838 0.000*
Pain® 41.54 £ 26.45 53.27 + 23.06 51.00 + 35.71 7.358 0.001*
SF-36 physical® 37.97 +9.04 32.93+7.90 33.92+11.54 9.926 0.000*
SF-36 mental 48.60 + 11.33 46.26 £ 13.14 48.18 +10.59 1.163 0.313
CRP 15.51+19.91 20.53 £22.25 21.56 +34.83 2.422 0.090
BMI 26.63+4.39 27.03+5.23 28.74+3.91 1.942 0.145
Age 57.32+14.61 57.98 +12.49 54.21+13.48 0.533 0.587
RF positive, no./total (%)7 213/357 (59.7) 42/69 (60.9) 9/15 (60) 0.035 0.983
Male sex, no. (%) 185 (39.4) 21(26.2) 5(26.3) 6.085 0.048

* Values are the mean + SD unless indicated otherwise. ANOVA = analysis of variance, DAS28 = Disease Activity Score
in 28 joints, TIC28 = 28 tender joint count, SIC28 = 28 swollen joint count, ESR = erythrocyte sedimentation rate, SF-36
= Short Form 36 health survey, CRP = C-reactive protein, BMI = body mass index, RF = rheumatoid factor.

T The normative group (i.e. the fast response group) scores were significantly lower than the other 2 groups.
£ This Bonferroni sample size—adjusted p-value is significant at 0.05/13 = 0.0038.

§ The normative group (i.e. the fast response group) scores were significantly lower than the slow response group.
9 Group differences were evaluated using cross-tab analysis instead of one-way ANOVA. The results show Pearson’s
chi-square statistic with its corresponding p-value.

Discussion

Three developmental trajectories of disease activity could be distinguished within the sample
of early RA patients following a T2T strategy. The normative trajectory was in accordance with
the clinical experience that most patients show a steep decrease in disease activity during the
first 6 months, reaching remission quickly. The second group did not improve as fast as this
first group, but did show gradually decreasing levels of disease activity, approaching a state of
remission after 12 months. The final group contained only a small proportion of the patients,
but they had the worst disease outcome; although their disease activity quickly decreased in
the beginning, this course reversed after 6 months and returned to the baseline level of
disease activity.

To ensure that the results were not biased by any skewed distributions of the variables,
Kruskal-Wallis analyses were also performed for between-group comparisons. Since no large
deviations were found from the original results, the primary outcomes were supported.
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This study shows that improvement (or deterioration) in RA disease activity is not a linear
process. Also, one overall clinical image of the development of disease activity over time does
not reflect the true situation, since not all patients follow the same developmental trajectory
of disease activity, a finding that supports experiences from clinical practice. It is important
that rheumatologists are aware of this heterogeneity within their patient populations and of
the fact that a T2T treatment strategy does not have the same impact on all patients.

Although no longer significant after Bonferroni correction, the normative trajectory
appeared to contain more men than the other 2 trajectories. This is consistent with previous
findings that men generally have a less severe disease and show higher remission rates than
women [15-18]. Interestingly, RF positivity did not differ significantly between the 3 groups.
Therefore, even though RF is being used as a diagnostic factor and RF positivity is often
associated with poorer disease outcomes [19], it does not appear to be predictive of poorer
outcome in this population of early RA patients.

Aside from the overall finding that the poor outcome group performs worst on most
outcome variables and the fast response group performs best, it is important to note that this
study only examined the trajectories of disease activity during the first year of treatment. It is
recommended to investigate a longer time period in order to determine whether the poor
outcome group continues to have worse outcomes over time or whether they eventually also
reach a state of remission.

Two other issues need to be addressed as well. First, it is not clear why some patients did
not improve over time. The analyses showed no clear cause for the differences in treatment
responses. Supplementary case history examinations that were carried out in the poor
outcome group pointed to 2 main factors that might be related to their loss of treatment
response: patients were tapering their initial dose of prednisolone and patients stopped
taking their DMARDs, mostly because of side effects. These are interesting findings,
emphasizing the need to further investigate the role of prednisolone in the development of a
patient’s disease activity.

Second, more research is needed to validate the existence of the 3 trajectories in other
early RA cohorts and to determine which factors predict the trajectory that a patient is most
likely going to follow (i.e. to predict group membership). If possible, such studies should not
only focus on a wide variety of clinical factors, but also on genetic markers. Knowledge on the
predicted disease course group can be of significant importance in clinical practice, since it
offers a rheumatologist the opportunity to tailor a single T2T strategy more specifically to the
needs of the distinct patient subgroups. For instance, it can be argued that the fast response
group probably does not need any extra attention, since they respond well to the current
treatment, reaching remission quickly. The slow response group, however, might need a
different treatment strategy, since their treatment effect is much less pronounced. On
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average, they need several months longer than the fast response group to reach a state of
remission. Perhaps these patients should be given additional steroids or they should initially
start their treatment with TNF inhibitor drugs instead of DMARDs. Finally, the poor outcome
group clearly needs close monitoring, especially when these patients stop taking a certain
drug or when they are tapering their doses. Future studies should try to identify the most
effective treatment strategy for each group.

In conclusion, the present results confirm the effectiveness of T2T strategies in reaching
remission in early RA patients in daily clinical practice. However, the disease activity of early
RA patients following a T2T strategy does not follow a linear pattern, nor is a single
developmental trajectory of disease activity applicable to all patients. Although most patients
do show a favorable disease course, future studies should attempt to identify more specific
risk factors for poor outcome to enable early identification of patients who might benefit
from an alternative therapeutic approach.
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Further optimization of the DAS28 reliability in patients with early RA

Abstract

Background: The 28-joint Disease Activity Score (DAS28) combines scores on a 28-tender
and swollen joint count (TJC28 and SJC28), a patient-reported measure for general health
(GH), and an inflammatory marker (either the erythrocyte sedimentation rate [ESR] or the
C-reactive protein [CRP]) into a composite measure of disease activity in rheumatoid
arthritis (RA). This study examined the reliability of the DAS28 in patients with early RA
using principles from generalizability theory and evaluated whether it could be increased
by adjusting individual DAS28 component weights.

Methods: Patients were drawn from the DREAM registry and classified into a “fast
response” group (N=466) and “slow response” group (N=80), depending on their pace of
reaching remission. Composite reliabilities of the DAS28-ESR and DAS28-CRP were
determined with the individual components’ reliability, weights, variances, error
variances, correlations and covariances. Weight optimization was performed by
minimizing the error variance of the index.

Results: Composite reliabilities of 0.85 and 0.86 were found for the DAS28-ESR and
DAS28-CRP, respectively, and were approximately equal across patients groups.
Component reliabilities, however, varied widely both within and between sub-groups,
ranging from 0.614 for GH (“slow response” group) to 0.912 for ESR (“fast response”
group). Weight optimization increased composite reliability even further. In the total and
“fast response” groups, this was achieved mostly by decreasing the weight of the TJC28
and GH. In the “slow response” group, though, the weights of the TIC28 and SJC28 were
increased, while those of the inflammatory markers and GH were substantially decreased.
Conclusions: The DAS28-ESR and the DAS28-CRP are reliable instruments for assessing
disease activity in early RA and reliability can be increased even further by adjusting
component weights. Given the low reliability and weightings of the general health
component across subgroups it is recommended to explore alternative patient-reported
outcome measures for inclusion in the DAS28.
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Introduction

If a concept or condition is too complex to measure with a single instrument, multiple
measurements are often combined into a linear composite score (i.e. an index measure).
For rheumatoid arthritis (RA) the 28-joint Disease Activity Score (DAS28) is such an index
measure, widely used for determining a patient’s degree of disease activity [1]. It consists
of 4 different individual components: a 28-tender joint count, a 28-swollen joint count, a
patient-reported rating of general health, and a non-specific acute phase reactant of
systemic inflammation which can be either the erythrocyte sedimentation rate (ESR) or
the C-reactive protein (CRP). Each component has its own specific weight in the composite
score, based on canonical discriminant functions for classifying high and low disease
activity.

The DAS28 has received much attention over the years and has been shown to be a
valid measure [1, 2]. However, since reliability is a prerequisite for validity [3], the index
should be reliable as well. While several studies have already determined the reliability of
the DAS28 using Cronbach’s Alpha [2, 4, 5], it is not appropriate to use this internal
consistency measure with an index measure, as opposed to scales. Where a scale consists
of correlated items which all measure the same construct, an index consists of items
which are not necessarily highly correlated but which are considered indicators because
they themselves define the construct [6]. As a result, the components might measure
completely different aspects of disease activity, which is also the case with the DAS28.
This poses significant methodological challenges for reliability testing. To overcome these
challenges, generalizability theory [7, 8] can be used to estimate the reliability of an index
score by disentangling different sources of error.

As such, the first aim of this study was to determine the reliability of the DAS28 using
generalizability theory. Since reliability is a concept defined relative to a specific
population of patients [9], the second aim of this study was to examine whether the
reliability of the index is acceptably high in relevant subpopulations and whether this
reliability can be increased by adjusting the weightings of the individual component scores
within the DAS28, which was shown to be the case.

Methods

Ethics Statement

As evaluated by the ethics committees of the participating hospitals, and in accordance
with Dutch law, no ethical approval was required because data collection took place in
daily clinical practice. Nevertheless, informed consent was obtained from each patient.
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Patients

Patients were drawn from the remission induction cohort of the Dutch Rheumatoid
Arthritis Monitoring (DREAM) registry [10]. This observational multicenter cohort started
in 2006 and, although patient recruitment for this cohort has stopped in 2012, data
collection of included patients is still ongoing. For this study, all data available at 0, 3, 6, 9,
and 12 months were accessible for analyses. To be eligible for inclusion in the cohort,
patients were DMARD and prednisolone naive, they were allowed to have a maximum
symptom duration of 1 year, and they needed to be 18 years or older. Additionally, they
were not in remission, as measured with the DAS28. Early RA classification was based on a
clinical diagnosis by the rheumatologist. For the present study, patients were classified
into 2 groups as identified in the study by Siemons et al. [11]: a “fast response” group of
patients quickly reaching remission and a “slow response” group of patients reaching
remission at a slower pace. Because reliability calculations are sample dependent slight
differences can be expected between the two response groups.

Measures

The primary measures of interest were the 28-tender joint count (TJC28), the 28-swollen
joint count (SJC28), a 100 millimeter visual analog scale on general health (GH: where
O=very good and 100=very bad), the erythrocyte sedimentation rate (ESR), and the C-
reactive protein (CRP). Using these variables, the DAS28-ESR and DAS28-CRP were
calculated as follows [12]:

DAS28-ESR = 0.56 * ,/TJC28 + 0.28 * /SJC28 + 0.70 * Ln(ESR) + 0.014 * GH [1]

DAS28-CRP = 0.56 = ,/TJC28 4+ 0.28 * /S]C28 + 0.36 * Ln(CRP + 1) + 0.014 + GH+ 0.96 [2]

Patients additionally completed the Health Assessment Questionnaire (HAQ) which
measures physical functioning [13] and the 36-item Short Form Health Survey (SF-36)
which assesses physical and mental health status [14].

Statistical analyses

Baseline between-group comparisons were made using independent t-tests for normally
distributed continuous variables, Kruskal Wallis tests for variables with skewed
distributions, and Chi-Square tests for dichotomous variables.

Although a DAS28 score is assumed to represent a patient’s disease activity, in reality
this score consists of two parts: 1) the actual (true) score of that patient’s disease activity,
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and 2) random measurement errors [3]. Errors give rise to an under- or overestimation of
the true score. This might be due to, among others, certain distractions during test
administration, the patient’s mood while filling out the test, or a misreading of the items.
Reliability is a representation of measurement consistency; it is the ratio between true
score variance and observed total score variance, where the latter consists of a true score
part and an error part [3]. Higher error variance leads to lower reliability. However,
although these basic principles do apply to the individual components of the DAS28, the
composite reliability of an index also depends on the interrelationships of its components.
Composite reliability is a function of the reliability of the individual components, the
weights that are assigned to the components as reflected in the DAS28 formulas, the
variances and error variances of the component scores, and the correlations and
covariances between the different components. All this can be combined into the
following formula [8, 15]:

n ) 2
Z (Wz Ge,Xi)
r=l-- T 3]
2 2
Z(W O+ D 2 (wwoy )
i=1 i=l j(i)=1
Where:

I. W;is the weight of component i, as defined in the DAS28 formulas 1 and 2 described above;
1. Gfﬁ is the observed variance of component j;

lll. O,y isthe error variance of component i, which is a function of the component reliability

. 2 L . 2
and the observed variance: O, x~ (1 - reliability of component i) * O, ;
V. Oy Xi is the covariance between the two components, which can be rewritten as:

Correlation Xi, X * Standard deviation ,, * Standard deviation X

Note that the nominator of the ratio in formula 3 is the error variance of the index, while
the denominator is the total variance.

In this study, the error variances of joint count components were calculated from their
observed variance and reliability levels, whereas the error variances of GH and both
inflammatory measures were obtained from univariate linear regression analyses.
However, two significant problems arose during component reliability computations.

First, it was not appropriate to calculate the reliabilities of the joint count components
with Cronbach’s Alpha, since Cronbach’s Alpha assumes the total score to be a linear
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combination of all items (i.e. each item is regarded as a parallel test of the other
component items) whereas the joint count components are square root transformed in
the DAS28. Consequently, split-half reliabilities were determined instead. As
demonstrated by Siemons et al. [16], RA is characterized by a definite left-right symmetry
of joint involvement. Consequently, the square root sum scores of the left and right joints
were considered to represent two parallel tests and their correlation was used as an
estimate of reliability.

Second, given the structure of the cohort, with time frames of several weeks or even
months between consecutive measurements, it was not possible to perform proper test-
retest reliabilities for the single-item components (i.e. ESR, CRP, and GH). Therefore, a
generalizability theory principle was used to determine reliability. After running a
univariate general linear model analysis on a longitudinal dataset (including all available
data at 0, 3, 6, 9, and 12 months) the person variance could be separated from the time
variance and reliability could be calculated as the ratio between person variance and total
variance.

All computations of reliabilities were performed on the total patient group as well as
on the two identified subgroups using SPSS version 21.0.

After calculating the composite reliabilities, it was investigated whether the reliability
in both the total as well as the specific patient groups could be optimized by adjusting the
component’s weights. Optimal weights were computed by minimizing the error variance
of the index, that is, the nominator of the ratio in formula 3, subject to the constraint that
the total variance of the index does not change. The resulting quadratic optimization
problem under quadratic constraints was solved using a procedure developed by Albers,
Critchley, and Gower [17]. For more applications, refer to Albers, Critchley, and Gower
[18].

Results

Patients
A total of 565 patients were included for analysis; 466 from the “fast response” group and
80 from the “slow response” group. Overall, they had a mean age of approximately 58
years, the majority were women (63%) and rheumatoid factor positive (54%), and their
baseline disease was characterized by several tender and swollen joints as well as by a
diminished physical health status (Table 1).

No significant differences were found in age, mental health, or rheumatoid factor
positivity between the fast and slow response group, but the slow response group did
contain significantly more women. Additionally, the slow response group had a
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significantly worse disease condition, characterized by higher DAS28 scores, a poorer state
of general and physical health, higher levels of inflammatory markers, and a higher
number of tender and swollen joints, as compared to the fast response group.

Table 1 — Patient characteristics and group comparisons at inclusion.

Variable* Mean (SD) or Mean (SD) or Mean (SD) or Significance (p)
Median (range)* Median (range)* Median (range)* group
Total group “Fast response” group  “Slow response” group comparisons
Gender (female) 342/546 (62.6%) 283/466 (60.7%) 59/80 (73.8%) 0.026"
Age (years) 57.96 (14.31) 57.85 (14.62) 58.59 (12.41) 0.6727
DAS28-ESR 4.28 (1.45) 4.11(1.42) 5.22 (1.29) <0.001"
DAS28-CRP 4.02 (1.31) 3.88(1.28) 4.79 (1.24) <0.001"
28-Tender joint count 3(0-28) 3(0-28) 6 (0-28) <0.001*
28-Swollen joint count 5(0-24) 4 (0-24) 6.50 (0-24) 0.001%
GH 44.32 (26.11) 42.52 (25.76) 54.82 (25.83) <0.001"
ESR (mm/hour) 21.50 (1-120) 20 (1-111) 30 (7-120) <0.001*
CRP (mg/l) 9.00 (1-158) 6 (1-158) 11 (1-115) 0.004*
Rheumatoid factor + 274/506 (54.2%) 233/431 (54.1%) 41/75 (54.7%) 0.923"
SF36 — physical health 37.17 (9.09) 37.93 (9.09) 32.91(7.88) <0.001"
SF36 — mental health 48.16 (11.67) 48.55 (11.37) 45.99 (13.07) 0.0947
HAQ 1.00 (0.72) 0.92 (0.70) 1.41 (0.66) <0.001"

* The values for gender and rheumatoid factor positivity are the number of patients/number of patients assessed (%).
DAS28 = 28-joint Disease Activity Score, GH = general health, ESR = erythrocyte sedimentation rate, CRP = C-reactive
protein, SF36 = Short Form Health Survey with 36 items, HAQ = Health Assessment Questionnaire.

# Group comparisons performed with Kruskal Wallis tests;
~ Group comparisons performed with Chi-Square tests.

91 Group comparisons performed with independent t-tests.

Reliability calculations

Tables 2-4 show the variances, error variances and reliabilities of the individual
components together with their correlations and covariances. All correlations were small
to moderate, as is not unusual in index measures. Component reliabilities varied widely
both within and between sub-groups, ranging from 0.614 for GH in the “slow response”
group to 0.912 for ESR in the “fast response” group. Furthermore, ESR component
reliabilities were highest and the TJC28 outperformed the SJC28 across all groups.

Using formula 3 resulted in overall reliabilities of 0.85 and 0.86 for the DAS28-ESR and
DAS28-CRP composites, respectively. Sub-analyses showed DAS28-ESR reliabilities of 0.85
and 0.82 and DAS28-CRP reliabilities of 0.85 and 0.84 for the “fast response” and “slow
response” group, respectively. These results demonstrate that both DAS28 scores are
approximately equally reliable across patient groups, that is, the differences were only
small and all reliability levels were high (>0.80).
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Table 2 — Variances, error variances, and reliabilities of the DAS28 components.

Total patient group (N=546) “Fast response” group (N=466) “Slow response” group (N=80)

Component Variance Error Component Variance Error Component Variance Error Component

variance Reliability variance Reliability variance Reliability
v TJC28 1.756 0.400 0.772 1.580 0.409 0.741 2.085 0.325 0.844
4/ SJC28 1.521 0.420 0.724 1.522 0.425 0.721 1.342 0.394 0.706
GH 681.624  269.687 0.783 663.439  247.769 0.766 666.917  359.309 0.614
LN(ESR) 0.779 0.193 0.913 0.807 0.191 0.912 0.477 0.191 0.878
LN(CRP) 0.909 0.246 0.805 0.920 0.231 0.806 0.771 0.335 0.773

TJC28 = 28-tender joint count, SIC28 = 28-swollen joint count, GH = general health, ESR = erythrocyte

sedimentation rate, CRP = C-reactive protein

Table 3 — Pearson’s correlations and covariances of DAS28 components in total patient sample.

Covariance /TjC28 /sjc28 GH LN(ESR) LN(CRP)
Pearson’s
Correlation
v TjC28 0.909 14.818 0.152 0.207
J/sjcz8 0.555" 8.467 0.337 0.402
GH 0.427" 0.262" 4.129 5.181
LN(ESR) 0.1317 0.309” 0.179” 0.488
LN(CRP) 0.164" 0.343" 0.207" 0.581"

** p<0.01, TIC28 = 28-tender joint count, SIC28 = 28-swollen joint count, GH = general health,
ESR = erythrocyte sedimentation rate, CRP = C-reactive protein

Table 4 — Pearson’s correlations of the DAS28 components in the “fast response” and “slow response” group.

Pearson’s correlation TJC28 Sjc28 GH LN(ESR) LN(CRP)
group 2 (N=80)

Pearson’s correlation
group 1 (N=466)
JTjC28 1 0.547" 0.313" -0.09 -0.032
J/sjcz8 0.545" 1 0.288" 0.143 0.263
GH 0.423" 0.239" 1 0.067 0.104
LN(ESR) 0.125" 0.312" 0.166" 1 0.578"
LN(CRP) 0.171" 0.342" 0.205" 0.574" 1

** p<0.01, TIC28 = 28-tender joint count, SIC28 = 28-swollen joint count, GH = general health, ESR = erythrocyte
sedimentation rate, CRP = C-reactive protein

124



Further optimization of the DAS28 reliability in patients with early RA

Optimizing reliability

The results of the optimization of composite reliability by adjusting the weights are shown

in Table 5. The original weights are given in the third column. The next three columns give

the estimated optimal weights in the total group and in the “fast response” and “slow

response” groups, respectively. Further, in the rows labeled “Reliability”, the reliabilities

using the original weights and the optimal weights are given.

In all groups, reliabilities increased after weight optimization. The largest gains were

obtained in the total and “fast response” groups by decreasing the weight of the TJC and

GH. In the smaller slow response group, on the other hand, the weights of the TIC28 and

SJC28 were increased, while the weights of the inflammatory markers and GH were

substantially decreased.

Table 5 — Reliabilities of the index measures and optimal weights in subpopulations.

Index Component * Original Total patient “Fast response” “Slow response”
measure Weight group (N=546) group (N=466) group (N=80)
DAS28-ESR  ,/TJC28 0.560 (0.742)  0.226 (0.299) 0.156 (0.196) 0.739 (1.067)
vsjcz8 0.280(0.345)  0.271(0.334) 0.226 (0.279) 0.355 (0.411)
GH 0.014 (0.366)  0.004 (0.104) 0.004 (0.103) 0.004 (0.103)
LN(ESR) 0.700 (0.618)  0.663 (0.585) 0.650 (0.584) 0.052 (0.036)
Reliability Original Weights 0.854 0.848 0.821
Optimal Weights 0.933 0.942 0.859
DAS28-CRP  /T)C28 0.560 (0.742)  0.374 (0.496) 0.247 (0.310) 0.720 (1.040)
Vsjcz8 0.280(0.345)  0.378 (0.466) 0.298 (0.368) 0.356 (0.412)
GH 0.014 (0.366)  0.006 (0.157) 0.005 (0.129) 0.004 (0.103)
LN(CRP) 0.360(0.343)  0.522(0.498) 0.571 (0.548) 0.028 (0.025)
Reliability Original Weights 0.858 0.852 0.845
Optimal Weights 0.888 0.911 0.858

The weights between brackets are the standardized values by fixing the component variances at 1.
* TJC28 = 28-tender joint count, SIC28 = 28-swollen joint count, GH = general health,
ESR = erythrocyte sedimentation rate, CRP = C-reactive protein

125



Further optimization of the DAS28 reliability in patients with early RA

Discussion

Overall, composite reliability levels of 0.85 and 0.86 were found for the DAS28-ESR and
DAS28-CRP, respectively. This is sufficiently high for group use and around common
thresholds considered sufficient for individual use [19, 20], justifying the use of the DAS28
in both clinical research and clinical practice. Moreover, reliability could be increased even
further by optimizing the component weights.

Several findings are worth mentioning when comparing the individual component
reliabilities or when optimizing the component weights. At first, it can be observed that
ESR had the highest reliability of all DAS28 components. The finding that this measure of
inflammation was also more reliable than the CRP measure might be explained by their
different responsiveness to changes in inflammatory stimuli. While the ESR is a relatively
stable measure over time, which responds slowly to changes and reflects the disease
activity of the past few weeks, the CRP fluctuates more heavily due to a more rapid
response to short-term changes in the inflammatory stimuli [12, 21, 22]. The ESR is also
given a higher weighting than the CRP in the DAS28 formulas and that remained to be the
case after weight optimization.

When looking at the joint count reliabilities, the swollen joint count had a lower
reliability than the tender joint count, consistent with findings from previous studies [9,
23, 24]. Joint counts are sometimes referred to as a semi-objective clinical measures [1]
and, as discussed by Pincus [25], they have been shown to be poorly reproducible. Large
intra- and interobserver variability is commonly found especially in the swollen joint count
[24]. This might be explained by a higher dependency of the swollen joint assessment on
factors like the assessors’ levels of training and experience, a lack of standardization in
examination methods, unclear definitions of swelling, or the degree of joint deformity [24-
26]. After weight optimization, however, the weight of the tender joint count was
substantially lowered, even below the weight of the swollen joint count. This corresponds
with the common clinical perspective of disease activity in RA. Joint swelling is usually
considered to be a more representative measure of inflammation than joint tenderness
[27] and has been shown to play a major role in the physician’s assessment of disease
activity [28].

Finally, it can be observed that the patient reported degree of GH in the “slow
response” group had the lowest reliability of all components, even below the
recommended reliability threshold for group use (r>0.70). Its weight was also substantially
decreased after weight optimization. This could be a confirmation of the weakness of this
component, as the inclusion of GH in the DAS28 has been often criticized. For instance,
previous studies have shown elevated GH scores while none of the other DAS28
components showed any sign of an active disease, possibly due to effects beyond the
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clinical inflammatory processes of RA [29]. Also, GH ratings have been shown to be
different across patients with similar DAS28 scores, dependent on the moment of
administration, possibly caused by a response shift [30]. The GH component is also the
most subjective component of the DAS28 and, therefore, more susceptible to
measurement error. Although it could be argued to solely include the more objective
clinical measures, the inclusion of a patient-driven component is desirable given the
increased awareness of the importance of the patient perspective in assessing disease
activity since the 1980s [31] as reflected by their inclusion in the provisional ACR/EULAR
definition of remission in RA [32] as well as in the preliminary core set of disease activity
measures [33]. Disease activity in RA is a multifactorial concept and appears to be best
measured by both objective clinical measures and patient-reported outcomes as they
each address a different aspect of disease activity [27]. Therefore, it would be interesting
to explore other, more reliable, patient-reported outcome measures for inclusion in the
DAS28. What measure would be best warrants further research. Measures of pain or
fatigue appear to be promising alternatives, given the recognition of pain as one of the
most important determinants of a patient’s global assessment of disease activity [34-36]
and the recommendation to measure fatigue in addition to the other core set measures of
RA [37]. But, of course, other patient-reported measures can also be explored.

A possible limitation of the current study is the difference in sample size between the
fast response and slow response group. Though this might cause the results of the “fast
response” group to be more robust than the results of the “slow response” group, the
importance of the tender joint count in the slow response group is consistent with the
general belief that approximately 10-20% of patients with RA have secondary fibromyalgia
(FM) [38, 39]. FM patients tend to have a lower pain threshold [38, 39] which might
explain the higher relevance of the TJC28 rating in this patient group, increasing our
confidence in the robustness of the results.

Conclusions

The DAS28-ESR and the DAS28-CRP are both reliable instruments for assessing disease
activity in early RA although reliability can be increased even further by adjusting the
individual component weights. Overall, the findings suggest that the largest gains in
reliability can be achieved by substantially lowering the weights of the tender joint count
and patient-reported general health. Future studies should explore the possibilities of
including a better indicator of the patient perspective in the disease activity score.
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Chapter 9

General discussion



General discussion

Rheumatoid arthritis (RA) is a chronic disease which cannot yet be cured. In order to
control the disease as much as possible, early, aggressive, protocolized treatment
strategies have been proposed. They have been proven to be effective in mitigating a
patient’s disease activity in clinical practice, resulting in less tender and swollen joints and
an improved physical functioning and wellbeing [1, 2]. However, these disease-activity-
driven treatment strategies require an optimal measurement of disease activity. This
thesis has addressed some of the concerns that have been raised about the current use of
the Disease Activity Score for 28 joints (DAS28) and its findings can be used to further
improve the assessment of disease activity in early RA.

Joint counts

Symmetrically inflamed joints characterize RA. Consequently, joint counts belong to the
core set measures of disease activity and their use is highly recommended [3-5]. However,
the assessment of all joints would not only be unfeasible in clinical practice but probably
redundant as well. For instance, as shown in Chapter 4, the omission of the forefoot joints
did not reduce the measurement range and measurement precision of the 28-tender and
28-swollen joint count in patients with early RA [6]. Additionally, the omission of certain
joints seems justified because of major assessment difficulties or because of their high
sensitivity to influences that go beyond RA-specific disease activity. Of course, this does
not imply that these omitted joints aren’t important in the evaluation and management of
individual RA patients in daily clinical practice [7-10], but it is believed that the assessment
of these joints will not necessarily provide additional quantitative clinical information that
is relevant for the assessment and monitoring of the disease activity of early RA patients
following a treatment protocol [7, 8, 10-12].

Yet further research is required to establish whether or not the current selection of
included joints is most optimal, given the large discrepancy between the patient and joint
distributions as shown in Chapter 4. The current joint counts cannot discriminate well
between patients with minor joint tenderness or swelling. As such, the contribution of
other joints should be evaluated as well and the consequences of these different joint
selections for the accuracy of RA disease activity classifications should be taken into
account. Finally, it is important to realize that the affected joints at baseline do not
necessarily resemble the affected joints at later stages of RA. Consequently, joints that
might not be informative at early stages of RA might be at later stages. Both should be
taken into account when developing a reduced joint count that is applicable across the
disease course. Nonetheless, the final selection will always require a compromise between
the optimal statistical selection on the one hand and the clinical feasibility on the other
hand.
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Laboratory measure
Two different DAS28 indices have been developed: the DAS28-ESR and the DAS28-CRP.
Although the ability to calculate DAS28 scores with two different acute phase reactants
can be convenient if only one of the two laboratory measures is available, it was shown
that the resulting scores cannot be used interchangeably (Chapter 5). The DAS28-CRP
tends to indicate a lower disease activity than the DAS28-ESR, resulting in considerable
classification differences. Furthermore, the concentrations of both the ESR and CRP are
affected by non-inflammatory external influences. Hence, these external influences should
be taken into account when interpreting disease activity scores (Chapter 6). The results of
these studies did not unambiguously point to one of these inflammatory markers or one
of these DAS28 measures as the ultimate measure to use. However, clinicians should be
aware of such external influences and score discrepancies. It emphasizes the need of
standardization to make scores not only comparable within patients, but also between
patients. Yet how this standardization should be accomplished requires further research.
Selecting one of these acute phase reactants as the “gold standard” might be the
easiest solution. Given the rapid response of the CRP to changes in inflammatory stimuli
[13-17], the possibility to freeze and store CRP sera [15-17], and its seemingly lower
susceptibility to external influences compared to the ESR (Chapter 6), the CRP might be
the obvious acute phase reactant to choose for measuring a patient’s current disease
activity. Nonetheless, it is important to keep in mind that only a small selection of possibly
confounding factors was included in Chapter 6, so no conclusions can be drawn about
other potentially distorting effects. Also, clinicians are very familiar with the ESR [13] and
may be reluctant to dismiss the ESR that easily. Another, more complex solution might be
the preservation of both measures. However, this will require certain adjustments for
which further research is required. As discussed in Chapter 5, adding a constant to the
DAS28-CRP (or subtracting a constant from the DAS28-ESR), will not resolve the
discrepancy problem because score deviations were found to depend on the degree of
disease activity. The development of gender- and age-adjusted DAS28 formulas or the
specification of age- and gender adjusted cut-off points of disease activity seem more
promising, but might be difficult to generalize across RA populations [18]. Also, gender
and age are just two of the potentially long list of relevant variables to correct for. This
thesis does suggests that the exclusion of the inflammatory markers altogether, as is done
with the Clinical Disease Activity Index [19], is not preferable, since the inflammatory
markers are the most reliable components of the DAS28 (Chapter 8).
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General health

Patient-reported outcome measures belong to the core set of disease activity measures
[3]. Several studies have shown that physicians and patients focus on different aspects of
the disease when evaluating the patient’s general health status (i.e. how they are doing
considering their disease). Where clinicians place more emphasis on the objective clinical
measures of disease activity like the joints counts and acute phase reactants, patients
tend to focus more on the subjective measures such as pain, fatigue, or physical
functioning they encounter on a daily basis [20-22]. Thus, in order to capture both the
physician’s and the patient’s perspective of disease activity, it is considered important that
indices of disease activity (like the DAS28) include a patient-reported outcome measure as
well.

The DAS28 includes a visual analog scale of general health (GH) which asks the patient
to give an overall assessment of how they are currently doing, considering all the ways in
which the RA influences their lives. Yet whether this general health measure is the most
suitable measure to represent the patient perspective remains debatable. Although it
prevailed over patient-reported measures of pain or morning stiffness during the
development of the DAS [23] and it has been reported to be sensitive to change [3], it
received the lowest weighting of all components included in the DAS28 and it has
frequently been criticized. GH scores are frequently elevated despite a good clinical
disease state [24] and patients with equal disease activity tend to rate their general health
differently depending on the moment of administration in the disease course [25].
General health scores are also very difficult to interpret [26]. If a patient is asked
“considering all the ways in which the RA influences your life, how are you doing” the
answer can be based on multiple dimensions. The patient might take pain or limitations
due to joint damage or non-RA related comorbidities into consideration, basing their
answer on mostly irreversible and non-RA related aspects, or they might focus on aspects
more directly related to current disease activity like the experienced fatigue or the
number of tender and swollen joints. As such, the GH rating might measure not only
disease activity, but also disease severity or disease impact [27, 28]. Ratings tend to be
influenced by non-inflammatory-related problems as (low back) pain, fatigue, and
functional limitations [28], as well as by the patient’s mood [27]. Consequently, scores
cannot be compared across patients (and maybe neither within patients). In line with all
these limitations, the general health component was shown to have the lowest reliability
of all DAS28 components and its weight in the DAS28 formula was reduced even further
after reliability optimization (Chapter 8).

Given these limitations regarding the current measurement of GH, it would be
interesting to explore alternative patient-reported outcome measures for inclusion in the
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DAS28 to reflect the patient perspective on disease activity. Pain has been reported as one
of the most important determinants of the patient’s global assessment of disease activity
[20-22] and might be considered a suitable candidate. However, fatigue has also gained
much attention over the years. It has been confirmed as an important outcome measure
in RA that should be measured in addition to other core set measures of RA [29]. People
with higher fatigue levels are more likely to report their health as fair or poor [30]. Pain
and fatigue have also been identified as some of the most important domains for
developing a core set definition of a flare [31, 32]. Of course, other patient-reported
outcome measures can be explored as well, but these two examples might serve as a
starting point. In addition, it would also be interesting to examine whether multi-item
guestionnaires are to be preferred over single item visual analog scales since the former
might be more reliable [33].

Interpreting a DAS28 score

Although current protocolized treatment strategies have been proven to be effective in
reducing disease activity in clinical practice [1, 2], a DAS28 score only provides a simplified
reflection of a patient’s disease activity and it is possible that patients experience residual
disease activity in omitted joints [34-36] or that joints counts are elevated because of non-
inflammatory stimuli like a low pain threshold, fluid retention, or the wrong footwear [11,
12]. Furthermore, ESR measures may be affected by abnormally shaped or sized red blood
cells, changes in plasma composition, anemia, pregnancy, or certain drugs [13-17],
whereas CRP concentrations can be elevated because of other diseases, the presence of
bacterial infections, or non-inflammatory influences like sleep deprivation or unhealthy
diets [16]. To make things even more complicated, ESR and CRP levels may also be normal
in the presence of active disease [35, 37, 38], emphasizing the need to look at multiple
measures and not just one. Finally, non-inflammatory stimuli like pain, fatigue, and
functional limitations can enhance GH scores [28], as well as the patient’s mood at the
moment of administration [27]. Thus, DAS28 scores are difficult to interpret and a
thorough investigation of its underlying disease and non-disease related factors is
essential in order to promote well-reasoned treatment decisions.

Early RA population

Since current treatment strategies emphasize an aggressive interference early on in the
disease, this thesis focused on early RA patients. Patients participated in the Dutch
Rheumatoid Arthritis Monitoring (DREAM) remission induction cohort; an observational,
multicenter cohort that was established in 2006 to evaluate the effects of a protocolized
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treat-to-target strategy aimed at (sustained) remission in early RA patients in daily clinical
practice [2].

Although this strategy has been shown to be highly effective, several distinct disease
activity trajectories could be identified within the early RA patients (Chapter 7). As
consistent with clinical experience in RA, the disease activity of the large majority of
patients quickly decreased towards a state of remission. A second group responded much
slower to the treatment, but did approach remission after approximately 12 months.
Finally, a small minority group of patients did have a positive treatment response at first
but deteriorated again after 6 months, returning to their baseline levels of disease activity
[39].

Although no apparent reasons could be found why some patients tend to follow one
trajectory while others follow another, supplementary case history examinations on the
minority group showed that their loss of treatment response might be due to a
discontinuation of their DMARDs due to side effects, or because of a reduction in their
initial dose of prednisolone, emphasizing the need to monitor patients closely when
medication adjustments occur. Other indications of the trajectory that someone is most
likely going to follow were provided by the reliability analyses on the DAS28. These
analyses were performed on the two largest groups only, given the small sample size of
the third group. Results showed that the disease activity of the normative group could be
measured most reliable by administering the acute phase reactants and the joints counts,
i.e. by using the traditional and (semi-)objective clinical measures or RA disease activity.
The disease activity of the slow response group, on the other hand, was mainly
determined by joint tenderness, which might indicate that this subgroup of patients might
actually be suffering from more centralized pain and/or secondary fibromyalgia (FM). It is
well known that patients with FM tend to have a lower pain threshold, resulting in higher
tender joint counts and general health ratings [40-42]. Furthermore, it has been reported
that approximately 10-20% of patients with RA have secondary FM [40, 42], which roughly
corresponds with the size of this subsample (14.1%). Rheumatologists should be aware of
this heterogeneity in their patient population and the fact that their protocolled treat-to-
target strategy does not work equally well for all patients. Patients who’s DAS28 scores
are predominantly based on the tender joint count, may be in need of alternative
therapeutic interventions. Future studies should attempt to predict which trajectory
someone is most likely going to follow in order to promote better patient-tailored
treatment strategies.

As all studies in this thesis were performed among patients with early RA, the outcomes of
this thesis may not be directly applicable to patients with established RA. Joints that may
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not be informative at early stages of RA may be at later stages; ESR and CRP
concentrations can become dependent on other external factors; and patient-reported
ratings of general health can change along the disease course when patients gather more
information about their disease, learn to cope with it, or change their expectations.
Therefore, more research is needed to explore the stability and generalizability of results
towards patients with established RA.

Conclusion

This thesis was aimed at improving our understanding of the complexities behind the
measurement of disease activity in early rheumatoid arthritis patients. Disease activity is a
multidimensional concept that should be measured and monitored using multiple
measures. This should include both (semi)objective clinical measures as well as patient-
reported outcome measures because they address different aspects of the disease and, as
such, complement each other [32, 38]. Although this thesis showed that the DAS28 is not
a flawless instrument and all of its individual components can be criticized to some
degree, one should realize that no single index measure will be able to produce optimal
results for all patients. As expressed by Fuchs, Books, Callahan, and Pincus, p. 536 [12]:

“All quantitative indices of clinical status represent a compromise between
comprehensiveness and feasibility.”

Add the statistical aspect to this expression and is reflects the actual compromise even
better. The DAS28 is no exception to this rule, and it is important that rheumatologists are
aware of its limitations when using it. This thesis provides several possible starting points
for the further improvement of RA disease activity measurement. However, it is important
to keep in mind that no quantitative measure can fully replace a thorough inquiry of the
clinical and patient-reported symptoms experienced by individual patients.
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Summary

Since rheumatoid arthritis (RA) cannot yet be cured, current treatment strategies
emphasize an aggressive interference at an early stage of the disease in order to suppress
the patient’s disease activity as quickly, as completely, and as long as possible. Although
these so-called treat-to-target strategies have been shown to be effective in early RA
patients in daily clinical practice, they require valid and reliable measurements of disease
activity. This thesis addressed a number of concerns have been expressed about the
frequently used Disease Activity Score for 28 joints (DAS28) for this purpose. The DAS28 is
an index measure that combines a 28-tender joint count, a 28-swollen joint count, a
laboratory measure of inflammation (either the erythrocyte sedimentation rate [ESR] or
the C-reactive protein [CRP]), and a patient-reported feeling of general health into a single
measure of disease activity. It is often used as a criterion variable for treatment decisions
or treatment effectiveness. However, several studies have raised questions about the
following three points 1) the relevance of residual disease activity in omitted joints, 2) the
equivalent use of two very different acute phase reactants, and 3) the inclusion of a
patient-reported outcome measure.

1) Because RA is characterized by symmetric inflammations of the peripheral joints, joints
are often referred to as the major “organ” involved in RA. Consequently, joint counts
are considered essential for assessing RA disease activity. However, because it is often
considered unfeasible to assess all joints, reduced 28 joint counts have been proposed,
including only the joints of the hands, wrists, elbows, shoulders, and knees. Although
we demonstrated that these 28 joints adequately reflect the left-right symmetry of
joint involvement that characterizes RA, information about a patient’s disease activity
was predominantly provided by the smaller joints (i.e. the metacarpophalangeal and
proximal interphalangeal joints of the hand). The inclusion of the forefoot joints did
not significantly improve the measurement range or measurement precision of the
joints counts in patients with early RA. However, the forefoot joints were shown to be
frequently affected, so the assessment of omitted joints might be important when
monitoring the disease trajectory of individual patients in daily clinical practice.

2) Acute phase reactants are commonly used to quantify the severity of inflammation in
RA. Although the ability to calculate DAS28 scores with two different acute phase
reactants might seem convenient, and the DAS28-ESR and DAS28-CRP were both
shown to be reliable for assessing disease activity in early RA, their scores cannot be
used interchangeably in clinical practice. The DAS28-CRP tends to yield lower scores
than the DAS28-ESR, resulting in substantial classification differences. In addition, it

143



Summary

was shown that elevated concentrations of the acute phase reactants were not solely
due to the inflammation of the rheumatic disease but were also influenced by non-
inflammatory external factors like a patient’s age and gender. Hence, these external
influences should be taken into account when interpreting the meaning of an elevated
ESR and CRP concentration. A modification of the DAS28 formula might be required,
for instance by specifying gender and age specific cut-off points of disease activity, or
by including gender and age as variables into the model. Abandoning the
measurement of the inflammatory markers altogether is not preferable as they were
shown to be the most reliable components included in the DAS28.

3) It is believed that clinical and patient-reported outcome measures (PROs) address
different aspects of the disease and that both should be administered to evaluate a
patient’s disease activity. As such, PROs also belong to the core set measures of
disease activity and the DAS28 includes a PRO as well, namely the visual analog scale
of general health. However, the scores on this measure are difficult to interpret
because general health may reflect multiple dimensions. Health is not merely the
absence of disease, but touches upon physical, mental, as well as social aspects of life.
As such, a patient’s general health rating can also be influenced by non-inflammatory
or personal factors and, consequently, its inclusion has often been criticized. Our
analyses appear to support the weakness of this component, as shown by its poor
reliability and its low weighting within the DAS28 indices (a weighting that was
decreased even further after weight optimization). Therefore, it would be interesting
to explore alternative, more reliable, patient-reported outcome measures that could
reflect the patient perspective on disease activity within the DAS28.

In conclusion, this thesis confirms that disease activity is a complex, multidimensional
concept that should be measured and monitored using both (semi)objective clinical
measures as well as patient-reported outcome measures. Although this thesis showed
that the DAS28 is a reliable measure, partly justifying its use in both clinical research and
clinical practice, it is certainly not flawless and all of its individual components can be
criticized to some degree. On a population level the DAS28 score can give a good
estimation of disease activity in early RA patients, but in individual RA patients
inconsistencies can occur. Scores should always be interpreted within their broader
context, including both disease related and non-disease related factors. The DAS28 can
guide the treatment process in clinical practice, but a thorough inquiry of the clinical and
patient-reported symptoms experienced by individual patients remains important as well.
This thesis provides several clues for further improvements in the assessment of disease
activity in early RA.
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Aangezien reumatoide artritis (RA) nog niet kan worden genezen, richten huidige
behandelingsstrategieén zich op een agressieve interferentie in een vroeg stadium van de
ziekte om de ziekteactiviteit van de patiént zo snel mogelijk, compleet mogelijk en lang
mogelijk te onderdrukken. Deze zogeheten treat-to-target strategieén zijn effectief
gebleken bij vroege RA patiénten in de klinische praktijk, maar ze vereisen wel dat
ziekteactiviteit valide en betrouwbaar gemeten wordt. Dit proefschrift behandelt een
aantal mogelijke beperkingen van de hiervoor veelvuldig gebruikte ziekteactiviteitscore in
28 gewrichten (DAS28). De DAS28 is een index waarin een meting van pijn in 28
gewrichten, een meting van zwelling in 28 gewrichten, een ontstekingswaarde (ofwel de
bezinking [BSE] of het C-reactief proteine [CRP]) en een patiént-gerapporteerde maat van
algeheel welbevinden worden gecombineerd tot één maat van ziekteactiviteit. Het wordt
vaak gebruikt als maatstaf voor het bepalen van de behandelingsstrategie of
behandelingseffectiviteit. Toch hebben verscheidene studies vragen gesteld bij de
volgende drie aspecten: 1) de relevantie van residuele ziekteactiviteit in niet opgenomen
gewrichten, 2) het equivalente gebruik van twee zeer verschillende acute fase reactanten
en 3) de inclusie van een patiént-gerapporteerde uitkomstmaat.

1) Doordat RA wordt gekarakteriseerd door symmetrische ontstekingen in de perifere
gewrichten, worden gewrichten vaak gezien als het primaire “orgaan” in RA. Het
meten van zogeheten joint counts wordt dan ook essentieel geacht voor het bepalen
van de ziekteactiviteit in RA patiénten. Echter, omdat het meten van alle gewrichten
vaak niet haalbaar wordt geacht, zijn verkorte 28 joint counts voorgesteld waarin
alleen de gewrichten van de handen, polsen, ellebogen, schouders en knieén worden
meegenomen. Hoewel wij hebben aangetoond dat deze 28 gewrichten de voor RA
karakteriserende links-rechts symmetrie in aangedane gewrichten goed weergeven,
werd informatie over de ziekteactiviteit van de patiént voornamelijk verkregen uit de
kleine gewrichten (i.e. de metacarpofalangeale en proximale interfalangeale
gewrichten van de hand). Het includeren van de voorvoetgewrichten resulteerde niet
in een verbetering van het meetbereik of de meetprecisie van de joint counts in de
vroege RA patiénten. Wel waren de voorvoetgewrichten vaak aangedaan, wat laat
zien dat het afnemen van gewrichten die niet in de joint count zijn opgenomen wel
degelijk belangrijk kan zijn voor het monitoren van het ziekteproces van individuele
patiénten in de klinische praktijk.

2) Acute fase reactanten worden vaak gebruikt om de ernst van de ontsteking in RA te
kwantificeren. Hoewel de mogelijkheid om de DAS28 met twee verschillende acute
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fase reactanten te berekenen wellicht handig kan zijn, en de DAS28-ESR en DAS28-
CRP beide betrouwbaar bleken voor het bepalen van de ziekteactiviteit in vroege RA,
werd eveneens duidelijk dat de twee scores niet onderling uitwisselbaar zijn in de
klinische praktijk. De DAS28-CRP heeft de neiging om lagere scores te geven dan de
DAS28-ESR, wat leidt tot aanzienlijke classificatie verschillen. Bovendien werd
aangetoond dat verhoogde concentraties van de acute fase reactanten niet alleen
waren toe te wijzen aan de reumatische ontsteking, maar ook aan niet-inflammatoire
externe factoren zoals leeftijd of geslacht. Deze niet-inflammatoire factoren zouden
moeten worden meegenomen bij het interpreteren van een verhoogde BSE of CRP
concentratie. Wellicht is er een modificatie van de DAS28 score nodig, bijvoorbeeld
door middel van het specificeren van geslachts- en leeftijdsspecifieke afkapwaarden
van ziekteactiviteit of door geslacht en leeftijd als variabelen op te nemen in het
model. Het geheel afstand nemen van ontstekingswaarden in de DAS28 geniet niet de
voorkeur, omdat zij tot de meest betrouwbare componenten van de DAS28 behoren.

3) Er wordt verondersteld dat klinische en patiént gerapporteerde uitkomstmaten
(PROs) verschillende aspecten van de ziekte belichten en dat beide zouden moeten
worden afgenomen om de ziekteactiviteit van een patiént te evalueren. Als zodanig
behoren PROs dan ook tot de kernmaten van ziekteactiviteit en de DAS28 bevat
eveneens een PRO, namelijk de visuele analoge schaal van algeheel welbevinden. De
scores op deze schaal zijn echter moeilijk te interpreteren, omdat algeheel
welbevinden verschillende dimensies kan weerspiegelen. Gezondheid is niet alleen de
afwezigheid van ziekte, maar heeft raakvlakken met de fysieke, mentale, als ook
sociale aspecten van het leven. Als zodanig kan de beoordeling van algeheel
welbevinden van een patiént ook worden beinvioed door niet-inflammatoire of
persoonsgebonden factoren en derhalve is de opname deze PRO in de DAS28 vaak
bekritiseerd. Onze analyses lijken de zwakheid van deze component te staven, gezien
zijn lage betrouwbaarheid en lage weging binnen de DAS28 index (een weging die
zelfs nog lager werd na optimalisatie). Het zou daarom interessant zijn om naar
alternatieve, betrouwbaardere, patiént-gerapporteerde uitkomstmaten te zoeken om
het patiénten perspectief op ziekteactiviteit in de DAS28 mee te nemen.

Samenvattend bevestigt dit proefschrift dat ziekteactiviteit een complex, multi-
dimensioneel concept is dat gemeten en gemonitord zou moeten worden met behulp van
zowel (semi-)objectieve klinische maten als patiént-gerapporteerde uitkomstmaten.
Hoewel dit proefschrift laat zien dat de DAS28 een betrouwbare maat is, wat het gebruik
ervan in klinisch onderzoek en in de klinische praktijk deels rechtvaardigt, is het zeker niet
zonder beperkingen en kunnen alle individuele componenten tot op zekere hoogte
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worden bekritiseerd. Op populatieniveau kan de DAS28 score een goede schatting geven
van de ziekteactiviteit in vroege RA patiénten, maar bij individuele patiénten met RA
kunnen inconsistenties optreden. Scores dienen altijd te worden geinterpreteerd binnen
hun bredere context, waarbij zowel ziekte gerelateerde en andere invloedrijke factoren
worden genomen. De DAS28 kan als leidraad dienen binnen het behandelingstraject in de
klinische praktijk, maar een grondig onderzoek van overige klinische en patiént-
rapporteerde symptomen die door de patiént worden ervaren blijft eveneens belangrijk.
Dit proefschrift biedt verscheidene aanknopingspunten voor verdere verbeteringen in het
beoordelen van ziekteactiviteit in patiénten met vroege RA .
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