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Chapter 1

General introduction

General introduction

Rheumatoid arthritis
Rheumatoid arthritis (RA) is a chronic autoimmune disease characterized by
inflammation of the peripheral joints of the hands and feet. Approximately 0.3-1% of
the world population is known to be affected, with the disease being more common in
women and in developed countries.1 The etiology is largely unknown, though genetic
and environmental factors are thought to play a role in a multi-step disease onset and in
disease progression.2-4 If left untreated RA can lead to joint erosion, affecting functional
abilities and quality of life of patients.3-5 Within 10 years of onset, at least 50% of patients
in developed countries are unable to hold down a full-time job, indicating the major
impact the disease can have on a patient’s physical and mental health.1 The course of RA
is often characterized as fluctuant, with periods of increased symptomatology, referred
to as flares and times at which disease activity seems absent, termed remission.6,7
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Rheumatoid arthritis monitoring
Due to the changing nature of RA disease symptoms over time, there is a need to closely
monitor a patient’s current disease activity and relate this to the course it has taken over
time, in order to adjust therapy accordingly. To standardize the measurement of disease
states and disease course over time, the construct of disease activity was formed in the
early nineties.8,9 Based on formative models, frequently used indices such as the Disease
Activity Score (DAS) and Simplified Disease Activity Index (SDAI) include: formal joint
counts of swelling and pain in joints, acute phase reactants and global assessments of
the patients’ current health, assessed either by the patients themselves or by their
physicians.10 Although the importance of including the patient’s perspective in the
assessment of their disease was recognized, the value of patients’ assessments is heavily
down-weighted in these indices, resulting in only minor impact on the total score.

Rheumatoid arthritis treatment
Over the past two decades the treatment of RA has undergone considerable changes.
With the introduction of biologicals in 2000s a new and effective class of drugs has
become available.11-14 Furthermore, early and aggressive treatment during a window of
opportunity has been shown to provide positive results and can prevent the substantial
joint erosion that was more common in earlier years.15,16 To guide rheumatologists, a treatto-target (T2T) approach has been developed, where the aim is to reduce disease activity
levels to predefined targets as quickly as possible. If targets are not met, treatment can
be adapted to tailor to the needs of individual patients. Several studies have proven the
effectiveness of T2T strategies, though in practice T2T is not always strictly followed,
with patient preference being one of the factors reported for deviation.17-25 This is
understandable, as patients approach the decision to escalate therapy differently than
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physicians.26 Patients’ decisions are most strongly driven by physical functioning and
mobility, coping skills, as well as aspects concerning the patient–physician relationship.
Rheumatologists are most strongly influenced by objective markers of disease activity,
physical functioning and mobility and prognostic markers. Moreover, the individual
patient perspective is not reflected well in the generic targets of T2T and mostly physicianbased measures are used to monitor disease progression / treatment effect. Dougados et.
al. have reported on the relative importance of Patient Reported Outcomes (PROs) in
treatment decisions.27 In this study they demonstrate that DMARD intensification was
predominantly based on PROs compared to doctor reported outcomes. Though many
Patient Reported Outcome Measures (PROMs) have been developed to capture different
types of PROs in RA, the use of these measures has mostly been restricted to assessing
outcomes in clinical trials. What role patients’ perceptions of their disease, as reflected in
PROs, play in treatment decisions and how we can make better use of currently available
PROMs in daily practice is still unclear.

Objectives of the thesis
The objectives of this thesis are to investigate the influence of patients’ perceptions
of disease on medication decisions and to study how self-reported information from
patients with RA can be interpreted and integrated in the monitoring and treatment of
their disease. These objectives were operationalized in the following general research
questions.

Why make more use of PROs in daily practice?
Current Treat-to-Target strategies are based upon clinical indices in which patients’
perceptions concerning their disease state are often a minor part. Studies by Leeb et.
al, Wolfe and Takahashi, have shown that patients’ satisfaction with their disease state
is associated with their intent of changing medication (Figure 1 arrow a).28-30 However
there is no evidence if this intent is also related with actual medication decisions in daily
practice (Figure 1 arrow b). Therefore, the objective of chapter 2 was to study if patient
perceptions of disease, such as satisfaction with the disease state, are associated with
medication decisions that took place in daily practice. Furthermore, an evaluation was
done if mediation of effects through self-reported willingness to alter therapy could be
detected (Figure 1, difference between direct or indirect effect). If this is the case, then
this type of measure could serve as a potential screening question to indicate a need for
medication counselling.
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DIRECT EFFECT
Patient satisfaction
INDIRECT EFFECT
a
Patient satisfaction

Medication intensification

c
Patient willingness
to alter therapy
c’

1
b
Medication intensification

figure 1 | Example of causal steps in mediation analysis

What PROMs are there to capture rheumatoid arthritis
disease activity?
Over twenty years many PROMs have been developed to capture disease activity in
patients with RA.10 Information on these measures has been spread over numerous
reports and the use of PROMs has mainly been restricted to secondary outcome
assessment in clinical trials. PROMs could offer a unique potential to incorporate
patients’ perceptions in T2T. Chapter 3 describes a systematic review of PROMs for
assessing disease activity in RA. Following Consensus-based Standards for the selection
of health Measurement Instruments (COSMIN) recommendations, current literature was
reviewed, and 17 different PROMs were identified. The reports presenting evaluations of
measurement properties were rated on quality, and the level of evidence for each PROM
was summarized. Finally, an overview of measurement properties currently available for
each PROM is presented.

How to interpret change on PROMs?
If one wants to monitor a certain aspect of health or disease, such as disease activity,
there is a need to quantify change and place this into context. In order to quantify
change, measured change must first be differentiated from change observed by
chance.31,32 To this aim the smallest detectable change (SDC) for a given measurement
instrument can be determined. Once this value is known, measured change on the
instrument can be compared to the SDC to determine if the observed change is ‘true’
or that it could fall within the measurement error of the instrument.33 If an observed
change is ‘true’, the next step is to place this into context, i.e. add clinical meaning to this
change.34,35 For example; loosing 500 grams of weight is probably not clinically relevant
for an adult, however could be very meaningful in monitoring a newborn’s weight.
Traditionally the physician’s perspective on what is deemed clinically relevant has been
chosen when determining minimal important change. With a focus on patient-centered
care and shared decision making, the patient’s perspective has gained importance. An
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often-used method to illicit MIC values from the patient’s perspective is the use of global
ratings of change which are performed by patients based on their perceived change. This
seemingly easy and straightforward method raises some questions which are the subject
of chapters 4 and 5.
In chapter 4 three aspects of MIC values, based on global ratings of change, were
investigated. First, it was investigated if between patient variation was present in
quantification of change. If the answers of health state transition questions are
interpreted differently between patients, this could lead to misclassification. Second, it
was investigated if patients’ quantifications of change, showed discordance with their
valuation of that change, represented by patients’ satisfaction with their current health.
Third, it was assessed if there was discordance between change categories (improved,
unchanged, deteriorated) and therapeutic consequence, measured by patients’
willingness to alter therapy.
Chapter 5 focusses on within patient variation in the determination of MIC values. If
these values are to be used to give meaning to observed change, they should in principle
be stable within patients over time. In this chapter MIC values were determined in the
same group of patients over multiple moments in time and variation in these MIC values
was assessed. Furthermore, variation in the amount of change that was determined,
to investigate stability of the association between patients’ ratings of change and
corresponding change on the scale of interest.

How can we integrate PROMs in monitoring and treating
rheumatoid arthritis?
PROM-based instruments offer the unique potential to get patients more involved in
their disease management, while producing valuable data on the disease course from the
patient’s perspective. Additionally, PROM-based instruments are location-independent
and time-independent, offering the possibility for flexible, patient-tailored off-site
monitoring and management. Chapter 6 presents the results of a proof of concept study
to investigate if a PROM-based algorithm can aid physicians in screening patients’ disease
activity prior to scheduled outpatient visits. Targets for change (MIC) and achieved health
state (Patient Acceptable Symptom State, PASS) were combined in an algorithm and
evaluated against disease-modifying anti-rheumatic drug (DMARD)/biologic medication
intensification registered in a practice-based early RA cohort.

Outline of the thesis
In summary, this manuscript entitled: ‘Personalized management of Rheumatoid Arthritis:
using PROMS for monitoring of disease activity’ consists of five original chapters focused
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on learning how to make optimal use of Patient Reported Outcome Measures and Patient
Reported Outcomes in the management of Rheumatoid Arthritis.

1

Chapter 2 assesses if there are independent effects of variables representing patients’
perceptions of disease on intensification of drug therapy in patients with RA seen in
daily practice and tests the hypothesis that effects of patients’ perceptions of disease are
mediated through patient self-reported willingness to alter therapy.
Chapter 3 presents an overview of PROMs to assess disease activity in RA and evaluates
the measurement properties of these measures.
Chapters 4 & 5 evaluate Minimal Important Change values, based on global ratings
of change and collected in daily clinical practice, for interpreting change on PROMs
between, and within, individual patients.
Chapter 6 demonstrates a proof of concept for an integrated system for collecting
and interpreting PROs to aid physicians. The performance of this system is assessed
by evaluating alerts generated by a PROM-based algorithm that combines metrics for
interpreting disease states and disease changes over time for monitoring patients with
RA.
The aim is that the results of these investigations will give guidance to further enhance
patient-physician collaboration and provide an approach for personalization of future RA
disease management.
Chapter 7 discusses this overarching goal in light of current literature, in addition
recommendations for further research are given.
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Abstract
Objectives
The objectives of this study were twofold:
1 Assess if there are independent effects of variables representing
patients’ perceptions of disease on intensification of drug therapy
in patients with Rheumatoid Arthritis (RA) seen in daily practice.
2 Test the hypothesis that effect of patients’ perceptions of disease
are mediated through patient self-reported willingness to alter
therapy.
Methods
Before being seen by a physician, consecutive patients with RA,
attending the Radboudumc outpatient rheumatology clinic, were
asked to fill out a short questionnaire with 4 items regarding:
perceived health change, satisfaction with current health, willingness
to change therapy and expected health change until the next visit.
Independent associations between these measures, registered
clinical measures and sDMARD/bDMARD (including corticosteroids)
intensification were studied with logistic regression. Mediation
analysis was performed focusing on the strongest predictor and selfreported willingness as a mediator.
Results
Out of 453 patients with RA; 65% female, 67% rheumatoid factor
positive, medication was intensified for 82 patients (18%). All patient
perception measures exhibited significant associations, independent
of clinical measures, of which patient satisfaction with current health
state was the strongest (OR 0.21, 95% C.I. 0.10-0.44). Significant
mediation of the effect of patient satisfaction through willingness
to alter therapy on actual registered medication intensification was
found.
Conclusions
Treat to Target interventions should address patients’ perceptions of
their disease, and the related health goals patients aim to achieve, in
addition to the attained level of disease activity.
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Introduction
In Rheumatology, several studies to date have shown the benefit of early, intensive
treatment strategies1-3. Despite this knowledge a recent Treat to Target (T2T) study
reported that for over 30% of patients the treatment decisions were not in agreement
with the set strategy4. Divergence from Treat to Target guidelines could be based upon
clinical factors, such as the presence of co-morbidity or presence of irreversible joint
damage.5 However, other influential factors, such as patient driven preference, should
not be dismissed.5,6

2

Several studies have shown that patients’ and physicians’ perceptions of RA disease
activity and priorities for treatment do not always coincide.7-13 Discrepancy in priorities
or perceptions of disease between patients and physicians can have important
consequences with regards to medication decisions. Patients might not want to alter
their therapy against recommendation of their physicians, due to the fact that they
perceive their health status or health progress as being satisfactory. Studies by Leeb et.
al., Wolfe et. al. and Takahasi et. al. have shown that patients who are satisfied with their
achieved health are more likely to have a negative attitude towards intensifying therapy,
even if their disease activity is moderate to high according to clinical indices.14-16 It is still
unclear if this self-reported therapeutic attitude also corresponds to actual treatment
decisions in practice. Dougados et. al. have shown that the proportion of DMARD
intensification in patients with a DAS28>3.2 and who rate their symptom state acceptable
is less than half of that of patients who rate their symptom state as unacceptable.17
Fraenkel et al. found that escalation rates were limited when high disease activity scores
were not accompanied by high physical and/or emotional impact of disease perceived
by patients.18 These examples from clinical practice demonstrate that prescribers can be
influenced by patients’ perceptions and desires, even though the resulting decision can
conflict with international treatment guidelines.19
The decision making process regarding medication intensification is multifactorial
and quite complex.18,20-27 Although in practice much of this process is subconscious, it
can be deconstructed into three interrelated stages: 1) Together with their physicians,
patients have to evaluate their satisfaction with their current health, taking into account
past health changes and expectancies of future health change, 2) Information about the
potential benefits and harms of treatment options has to be obtained and processed by
the patient, 3) The choice of not acting has to be weighed against initiating or altering
therapy in light of achieving personal treatment goals. Studies investigating medication
decisions often focus on clinical factors (e.g. disease duration, disease severity),
medication beliefs (e.g. necessity, benefit vs harms tradeoff) or contextual factors (e.g.
trust in the physician, costs, drug administration routes and frequency).20-25,28-32 However,
only one recent study has investigated a relationship between the influence of patients’
illness perceptions and medication intensification in rheumatoid arthritis (RA).18
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If patients’ perceptions of disease influence medication decisions above and beyond
clinical measures used by physicians (Figure 1 step 1) this could lead to continuation of
suboptimal treatment or non-adherence to newly initiated therapy.33-35 Knowledge about
the relationships between patients´ perceptions of disease and clinical measures could
prove to be valuable in improving Treat to Target strategies in daily clinical practice. We
expect that self-reported therapeutic attitude is indeed related to actual medication
decisions recorded in practice. It is hypothesized that the effect of patients´ perceptions
of disease on actual medication decisions is mediated through patients’ self-reported
willingness to alter therapy (Figure 1 step 3). If this hypothesis is true, this knowledge can
be used to efficiently screen patients prior to a consult. Appropriate counselling between
either nurses or physicians and the patient could then be initiated, alleviating possible
discordance.
The objectives of this study were twofold:
1 Assess if there are independent effects of variables representing patients’ perceptions
of disease on intensification of drug therapy in patients with RA seen in daily practice.
2 Test the hypothesis that effect of patients’ perceptions of disease are mediated
through patient self-reported willingness to alter therapy.

Methods
Study design
This study had a prospective, longitudinal design. Basic patient characteristics and
longitudinal clinical data, such as change in DAS28 score preceding outpatient visits
and medications changes following these visits, were stored in a database as part of a
daily practice registry. Before being seen by a physician, patients were asked to fill out a
short questionnaire once, with 4 items regarding: perceived health change, satisfaction
with current health, willingness to change therapy and expected health change until the
next visit. This was done before the visit to capture patients’ perceptions relating to their
disease without being influenced by clinical information.

Patients and clinical setting
All patients with RA, consecutively attending the Radboudumc outpatient rheumatology
clinic who were at least 18 years of age and capable of completing the questionnaire
were asked to take part in the study. Dependent on the inclusion date of patients in
the daily practice registry, RA was confirmed by physicians using the 1987 ACR or 2010
ACR/EULAR criteria.36,37 All willing adult patients with RA were included to provide a
representative sample of a daily practice population to investigate influential factors for
medication intensification in such a setting.
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Clinical measures
The following clinical measures were assessed: sex, age, rheumatoid factor, disease
duration, number of previous disease modifying anti-rheumatic drugs (DMARDs) used,
time on current anti-rheumatic medication (shorter or longer than 26 weeks), the Health
Assessment Questionnaire disability index (HAQ-DI) and the Disease Activity Score
based on a 28 joint count and erythrocyte sedimentation rate (DAS28).32,38-41

Patient perceptions of disease

2

The disease specific health change question used to capture patient perceived change
was as follows: ‘please mark how your arthritis is in comparison to your last visit’. The
7-point Likert scale for this question was labeled much improved, improved, slightly
improved, unchanged, slightly worsened, worsened, much worsened.42 Patients
seen less frequently than once every 6 months (n=31, 6.4%) were excluded from the
analyses to reduce the influence of recall bias. In a similar format to assessing patient
perceived past health change, patient expected future health change was assessed by
asking: ‘please mark how you expect that your arthritis will be during the next visit in
comparison to this visit’. Patients’ satisfaction with their current health state (PatSat)
was measured by asking patients the following question: “Please think of all the ways in
which your arthritis has impact on you. How satisfied are you with your current health
status, if you were to stay in this state until your next visit to the rheumatologist?”. This
question is similar to Leeb and colleague’s PATSAT question though slightly modified.10,14
The remark concerning a stable state until the next visit was explicitly formulated to
capture satisfaction with current health, without the confounding influence of positive
or negative health trends perceived by patients. The 4-point scale for this question was
labeled very satisfied, satisfied, dissatisfied, very dissatisfied as to provide balanced
positive and negative response options. For the analyses responses were dichotomized
to satisfied or dissatisfied. Furthermore patients’ willingness to alter therapy (PatWAT)
was assessed by asking patients which of the following four answer categories best
reflected their current outlook: ‘all is well regarding my arthritis, therefore I want to alter
/ reduce my medication’, ‘all is well regarding my arthritis, therefore I want to keep my
medication the way it is now’, ‘ all is not well regarding my arthritis, therefore I want to
alter / increase my medication’ or ‘all is not well regarding my arthritis, nevertheless I
want to keep my medication the way it is now’. This question was an extension of Leeb
and colleague’s Patient Attitude To Therapy (PATATT).14 PatWAT focusses on medication
changes in light of patients’ self-perceived disease status. This aids validity, as most
patients would probably prefer not to take medication, were it is not necessitated by their
disease state. For the analyses responses were dichotomized where the response ‘all is
not well regarding my arthritis, therefore I want to alter / increase my medication’ was
categorized as willing to escalate therapy. All other responses were categorized as not
willing to escalate therapy.
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Statistical analyses
To assess the presence of an independent effect of patient perceptions of disease severity
on medication intensification (yes/no), logistic models were fitted by means of forward
selection. Independent variables were kept in the model if parameter estimates were
significant at α >= 0.1. To avoid over-fitting the model, variable selection was split up into
two rounds. First, groups of clinical measures and patient perception of disease measures
were subjected to separate forward selection procedures. During the second stage, the
variables remaining after the first selection round were then combined in a final forward
selection procedure. Clinical measures for the models were: sex, age, rheumatoid
factor, disease duration, number of previous DMARDs used, time on medication, DAS28
response since last visit and the attained DAS28 level. PatSat, perceived health change and
expected health change, were included in the models as patient perception of disease
measures. Intensification of synthetic DMARD (sDMARD), including corticosteroids, or
biologic DMARD (bDMARD) medication was defined as an increase in frequency and/or
dose of medication, or starting a new one, between the current and next visit. Escalations
that took place up to a maximum of 5 weeks after the visit where deemed attributable to
that outpatient visit.
To assess the presence of mediated effects, methodology developed by Baron and
Kenny was followed.43-45 Logistic models were fitted for each of the steps in Figure 1.
The first step entailed identifying an independent direct effect (parameter estimate
c) of a patient perception measure of interest whilst correcting for important clinical
measures identified earlier. Then the independent effect (parameter estimate a) of the
patient perception measure of interest on PatWAT was determined. In the third step
of the analysis the independent effect of patient willingness to alter therapy on actual
medication intensification was determined (parameter estimate b). Furthermore, the
indirect, independent effect (parameter estimate c’) of the patient perception measure of
interest on medication intensification, conditional on the mediator (parameter estimate
b) was determined.
To test mediation of effects, the variable with the strongest independent association with
the mediator was chosen as the variable of primary interest. All other variables which
exhibited an independent effect on either the mediator and/or the outcome were taken
into account as covariates in the analyses. According to mediation methodology either
c-‘c or a*b are estimates of the amount of mediated effect. To allow for the case of binary
mediators and outcomes, these estimates and their standard errors were standardized to
make them comparable across the different logistic models (Figure 1. steps 1-3, Appendix
I).44,45 Finally mediation was tested with Sobel’s test using the standardized parameters.46
All analyses were performed using IBM SPSS Statistics version 20.0.0.2.
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STEP 1

c

Patient perception
measure of interest

Medication intensification

Covariates: Clinical measures + other patient perception measures
STEP 2
Patient perception
measure of interest

a

Patient willingness
to alter therapy

2

Covariates: Clinical measures + other patient perception measures

Patient willingness
to alter therapy

STEP 3
Patient perception
measure of interest

c’

b
Medication intensification

Covariates: Clinical measures + other patient perception measures
figure 1 Example of causal steps in mediation analysis

Results
In total 453 patients with RA; 65% female, 67% rheumatoid factor positive, were included
in the analysis (Table 1). This is 87% of the patients with RA who are included in our
RA cohort. Mean (standard deviation) DAS28 at visit and age were: 3.1(1.3) and 59(13),
respectively. Median (25th-75th percentile) disease duration in years was 8.0 (1-16). In
total 199 (44%) patients had a DAS28>3.2, of whom 103 (52%) were satisfied with their
health status if this would not change until the next visit, and a majority of 144 patients
(72%) did not want to change their medication.
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table 1 Patient characteristics (n=453)
Age

59 (13)a

Female

65%

RF positive

67%

Disease duration (in years)

8 (1-16)b

DAS28 at current visit

3.1 (1.3)a

DAS28 change since previous visit

-0.1 (1.1)a

Number of previous DMARDs

3 (2-4)b

Duration on medication (in weeks)

76 (21-224)b

Receiving sDMARD therapy

80 % (Methotrexate)c

Receiving bDMARD therapy

36 % (Adalimumab)c

RF Rheumatoid Factor, DAS28 Disease Activity Score 28 joint count, sDMARD synthetic Disease Modifying
Anti-Rheumatic Drug, bDMARD biological Disease Modifying Anti-Rheumatic Drug
a
mean (standard deviation)
b
median (25th, 75th percentile)
c
most prevalent agent

Independent effect of patient perceptions of disease on medication
intensification
Out of the total 453 patients medication was intensified for 82 patients (18%) between
the current and next outpatient visit. The percentage of patients with medication
intensification increased gradually from low to high categories of DAS28.47 Percentages
for remission, low, moderate and high DAS28 categories were: 5%, 17%, 27% and 46%,
respectively. The most common form of intensification was the starting of a new
drug, which was done for 56 patients (68%). Table 2 shows the final model for therapy
intensification with a clear independent relationship of patient reported willingness to
intensify therapy.
table 2 Multivariate regression analysis of medication intensification
Variable

B

p value

OR

95% CI for OR

Intercept

-3.068

<0.001

0.48

n.a.

PatWat

1.763

<0.001

5.83

2.91-11.67

Expected Change

0.482

0.001

1.62

1.21-2.18

DAS28

0.387

0.003

1.47

1.14-1.90

Disease Duration

-0.065

0.001

0.94

0.90-0.97

DAS28 Disease Activity Score 28 joint count, PatWat Patient Willingness to Alter Therapy, B beta coefficient, OR odss ratio, 95% CI for OR 95 percent confidence interval for odss ratio, n.a. not available
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Out of the 453 patients, 71 patients (16%) reported to be willing to intensify treatment.
Percentages for remission, low, moderate and high DAS28 categories were: 1%, 17%, 22%
and 55%, respectively. The odds ratio of 5.83 and 95% confidence interval not containing
1, means that a positive response on the PatWat question strongly and significantly
predicts actual medication intensification in practice independently of the other factors
mentioned. Table 3 shows the model with willingness to intensify therapy as the outcome.
table 3 Multivariate regression analysis of Patient Willingness to Alter Therapy
Variable

B

p value

OR

95% CI for OR

Intercept

-3.553

<0.001

0.03

n.a.

PatSat

-1.572

<0.001

0.21

0.10-0.44

Perceived Change

-0.795

<0.001

0.45

0.33-0.62

Expected Change

0.625

<0.001

1.87

1.33-2.63

DAS28 at visit

0.516

0.001

1.68

1.23-2.28

2

PatSat Patient Satisfaction with health state, DAS28 Disease Activity Score 28 joint count, B beta
coefficient, OR odss ratio, 95% CI for OR 95 percent confidence interval for odss ratio n.a. not available

Of all patients, 71% was satisfied with their current health state if it did not change
until the next visit. Percentages for remission, low, moderate and high DAS28 categories
were: 93%, 70%, 58% and 21%, respectively. All patient perception measures exhibited
significant independent associations, of which patient satisfaction with current health
state was the strongest. The odds ratio below 1 (0.21 95% confidence interval 0.100.44), means that patients who were satisfied with their current health status, where
significantly less likely to report that they were willing to alter their therapy, independent of the other influential factors mentioned.

Mediation analysis
PatSat had the strongest independent association (OR 0.21, 95% C.I. 0.10-0.44) with the
hypothesized mediator (PatWAT) and was chosen as the primary focus for mediation
analysis. Parameter estimates for the mediation analysis are shown in Figure 2. It can
be seen that the total effect of c (-0.05221) can, approximately, be decomposed in the
indirect (mediated) effect of a*b (-0.096489) + ‘c (0.025277). The presence of a mediated
effect is further reflected by the Sobel test (p=0.01), Aroian test (p=0.01) and Goodman
test (p=0.01), which all showed a significant mediated effect of PatSat through PatWAT to
medication intensification.
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STEP 1
Patient Satisfaction

c = -0.05221, SE(c) = 0.090112

Medication intensification

Covariates: DAS28 at visit, disease duration, perceived change, expected change
STEP 2

Patient willingness
to alter therapy
Patient Satisfaction

a = -0.3622, SE(a) = 0.098868

Covariates: DAS28 at visit, disease duration, perceived change, expected change

STEP 3

Patient willingness
to alter therapy
Patient Satisfaction

b = 0.266398, SE(b) = 0.077805

c’ = 0.025277, SE(c’) = 0.095519

Medication intensification

Covariates: DAS28 at visit, disease duration, perceived change, expected change
Decomposition of effects:
Total effect c = -0.05221 ≈ Indirect effect a*b + direct effect c’ = -0.07121

figure 2 Standardized parameter estimates for mediation analysis

Discussion
The objectives of this study were to investigate whether patients’ perceptions of disease
had an independent effect on medication intensification in daily practice, and to evaluate
whether an effect of patients’ perceptions of disease is mediated through patient selfreported willingness to alter therapy. According to the results of this study, patients’
willingness to alter therapy was strongly associated with actual intensification of therapy
in daily practice, independent of clinical parameters. In turn, patients’ willingness to
escalate therapy was strongly associated with patients’ satisfaction with their health
state, perceived change and expected change. The effect of patients’ satisfaction with
their health state on medication intensification, was mediated through patients’
willingness to alter therapy. Treat to Target interventions should therefore address
patients’ perceptions of their disease, and the related health goals patients aim to
achieve, in addition to the attained level of disease activity.
This study builds on work by Leeb et. al., Wolfe et. al. and Takahasi et. al., which
demonstrated associations between patient satisfaction and their therapeutic
attitude.14-16 We extended the therapeutic attitude question posed by Leeb et. al. by
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relating patients’ therapeutic attitude to their perception of their disease, terming
this ‘Patient Willingness to Alter Therapy (PatWAT)’.14 Similar to the aforementioned
studies, a strong association (OR 0.21 95% CI 0.10-0.44) between patient satisfaction
and PatWAT was found, meaning that patients who are satisfied with their health are less
likely to be willing to intensify their treatment. In addition to this, a strong association,
independent of DAS28 and disease duration, of PatWAT with medication intensification
in daily practice (OR 5.83 95% CI 2.91-11.68) was identified. This shows that patient
self-reported willingness to alter therapy is related with actual medication decisions in
practice.

2

Dougados et. al. have previously demonstrated that both patient and doctor reported
outcomes are associated with DMARD intensification, of which the patient reported
outcomes were most attributable.17 Similar to their findings, measures of disease
activity and disease duration were important clinical measures related to DMARD
intensification. Concurrent with PASS in the study by Dougados et.al., PatSat was found
to be strongly associated with DMARD intensification in this study (data not shown). This
association, however, disappeared upon adding PatWAT to the model; this disappearance
is indicative of the presence of mediated effects. The results of the mediation analyses
show that effects of patient satisfaction on actual medication decisions are mediated
through patients’ self-reported willingness to alter therapy. PatWAT could serve as a
quick screening PROM which, together with clinical measures of disease activity, would
indicate a need for further consultation if the patient’s views concerning medication
change are discordant with those of the physician or nurse practitioner.
A strength of this study is that 87% of the patients with RA, who visit the outpatient
clinic at regular intervals, responded to the questionnaire, providing a broad sample
of daily practice patients. A limitation of this study was that it focused on one aspect
of the complex process of medical decision making, namely measures representing
patient perceptions of their disease. This study did not include a measure of self-efficacy.
Theoretically this could be an effect modifier of the mediated relationship between patient
perceptions of their disease, willingness to alter therapy and medication intensification.
This would imply that in patients with high self-efficacy scores there would be a strong
mediation effect, which would not be present for patients with low scores. Due to the
broad sample taken from our daily practice population, the mediation effect was most
likely diluted by not accounting for this variable. There are several studies exploring
other determinants of medication decisions.5,6,17,18,20-27,31,32 These mainly report on: clinical
factors, contextual factors, e.g. trust in the physician or costs of therapy, and medication
beliefs such as necessity and risk perception. Similar to the studies of Fraenkel et. al.,
Wolfe et. al. and Takahashi et. al., results of this study indicate that, in addition to fears
for toxicity and adverse effects, there is also an important role of measures concerning
the patients’ perceptions of their disease in the decision process.15,16,18,27 This provides
evidence for frameworks, such as the Health Belief Model and extended self-regulatory
common sense model, in which patients’ perceptions concerning their disease play an
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integral role in initiating a perceived health threat.28-30,48-50 In addition to the perceived
health threat, self-efficacy, beliefs about medication, risk-perception, and contextual
factors further influence the decision. However no single study has investigated these
influential factors simultaneously. The results warrant further research, on a larger scale,
to investigate the relationships between different factors and their relative importance.
On the long term, this knowledge would contribute to improving the evidence base
on which shared decision aids could be further developed and provides further
substantiation for interventions aimed at improving treatment strategies. Furthermore, it
would be of interest to investigate what the impact is of promoting a concordant, shared
decision approach on subsequent adherence to medicine behavior in patients with RA.
For short term, the results of this study suggest that physicians should acknowledge
patients perceptions of their disease in addition to beliefs about medication and standard
clinical measures. Although a shared decision approach is the first overarching principle
of EULAR treatment recommendations, this is not well reflected in current treat to target
strategies which are mostly based on clinical disease activity parameters.1-3,19 As patient
perception of disease effects are mediated through patient self-reported willingness
to alter therapy, this provides a possible screening item that could be used to identify
patients in need of counselling, prior to the visit with the physician.
In conclusion, strong associations, independent of clinical measures, were found between
patient perception of disease measures, self-reported willingness to alter therapy and
actual medication intensification in daily practice. This highlights the importance of
addressing patients’ perceptions of their disease and their willingness to alter therapy
in: medication decisions, Treat to Target strategies and treatment guidelines. Exploring
ways to enhance the exchange of views, knowledge and information between patients
and clinicians will ultimately lead to providing the best care, tailored for the individual
patient.
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Appendix A
Standardization of logistic parameter estimates for
mediation analysis44,45
When mediation analysis is based on logistic models variables are scaled differently when
they are included as a predictor versus an outcome.
Standard formulae for mediation analysis are:

2

Y= cX + E1
M= aX + E2
Y= bM + c’X + E3
Let primes denote the case of logistic models where the error variance is fixed to 1:
Y’ = cX + E1
M’ = aX + E2
Y” = bM + c’X + E3
In order to make parameter estimates comparable across logistic models, these need to
be standardized as follows
comparable a = a * SD(X)/SD(M’)
comparable b = b * SD(M)/SD(Y”)
comparable c = c * SD(X)/SD(Y’)
comparable c’ = c’ * SD(X)/SD(Y”)
SE(comparable a) = SE(a) * SD(X)/SD(M’)
SE(comparable b) = SE(b) * SD(M)/SD(Y”)
SE(comparable c) = SE(c) * SD(X)/SD(Y’)
SE(comparable c’) = SE(c’) * SD(X)/SD(Y”)
The standard deviations of Y’, M’ and Y’’ can be obtained by taking the square root of the
respective variances, which are defined as:
Var(Y’) = c2 * Var(X) +π2/3
Var(M’) = a2 * Var(X) + π2/3
Var(Y”) = c’2 * Var(X) + b2 * Var(M) + 2*b*c’*Cov(X,M) + π2/3
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Abstract
Objectives
Patient assessment of disease activity in Rheumatoid Arthritis (RA)
may be useful in clinical practice, offering a patient friendly, location
independent, and time and cost-efficient means of monitoring the
disease. The objective of this study was to identify Patient Reported
Outcome Measures (PROMs) to assess disease activity in rheumatoid
arthritis and to evaluate the measurement properties of these
measures.
Methods
Systematic literature searches were performed in the PubMed and
EMBASE databases to identify articles reporting on clinimetric
development or evaluation of PROM based instruments to monitor
disease activity in patients with RA. Two reviewers independently
selected articles for review and assessed their methodological quality
based on the Consensus-based Standards for the selection of health
Measurement Instruments (COSMIN) recommendations.
Results
A total of 424 abstracts were retrieved for review. Of these abstracts
56 were selected for reviewing the full article and 34 articles,
presenting 17 different PROMs, were finally included. Identified were:
RADAI, RADAI-5, PDAS I & II, Pt-DAS, Pt-SDAI, GAS, PAS I & II, RAPID
2 – 5, PRO-Index C & M, PRO-CLARA. The quality of reports varied
from poor to good. Typically five out of ten clinimetric domains were
covered in the validations of the different instruments.
Conclusions
The quality and extent of clinimetric validation varied amongst
PROMs of RA disease activity. The Pt-DAS, RADAI, RADAI-5 and
RAPID3 had the strongest and most extensive validation. The
measurement properties least reported and in need of more evidence
were: reliability, measurement error, cross-cultural validity and
interpretability of measures.
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Introduction
Traditionally the monitoring of Rheumatoid Arthritis (RA) in clinical trials and treat
to target strategies has been based upon indices, such as the DAS, DAS28, CDAI or
SDAI, involving formal joint counts performed by trained professionals.1-3 Formal joint
counts, though valued for their information, have been criticized for their use in daily
practice, because of their time-consuming nature. With an increasing focus on patient
centered care, rising costs in health care and accompanying decreases in resources,
patient reported outcome measures (PROMs) might offer a patient friendly, location
independent, and time and cost efficient means of monitoring chronic diseases such as
RA. Patient reported outcome measure research in rheumatology spans over 30 years,
during which various measures have been developed.4-8 These cover a broad spectrum
of health domains, reflecting useful information from patients’ perspectives on the
effectiveness of therapies tested in clinical trials. The HAQ, RADAI and RAPID are wellknown examples of PROMs for RA that are used in trials as well as in practice.2,5,6 More
recently though, other patient reported measures reflecting their ‘physician based’
counterparts, such as the patient-DAS or patient-SDAI, have also been developed.9-13 To
date information about the measurement properties of all these patient reported disease
activity measures has been spread over numerous reports, hindering the comparison and
choice of PROMs to monitor RA disease activity.

3

In order to understand how we can make good use of PROMs in daily practice, the first
step needed is to have an overview of instruments suited to this task. Secondly the level of
evidence for the various measurement properties of each PROM has to be determined in
order to make recommendations for clinical use. The objective of this study was therefore
to identify patient reported outcome measures to assess disease activity in rheumatoid
arthritis and to evaluate their measurement properties.

Methods
Consensus-based Standards for the selection of health Measurement Instruments
(COSMIN http://www.cosmin.nl) were applied in this systematic review.14-18 The first step
in the methodology recommended by COSMIN is the development of a search strategy.
This strategy is a combination of five elements: a construct search, a population search,
an instrument search, a validated PubMed-filter for measurement properties and an
exclusion filter.19 To retrieve as many PROM based instruments as possible, a search
strategy was developed with the emphasis on sensitivity rather than specificity. PubMed
and Embase were searched to identify articles published between January 1994 and May
2014. Studies eligible for inclusion in the search results met the following criteria: English
language, published in an international peer reviewed journal, an adult rheumatoid
arthritis population, a focus on clinimetric properties of PROM based (without a formal
professional joint count) instruments aimed at capturing disease activity or focused on
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the association of PROM based instruments and disease activity measures. The focus
on PROMs specifically addressing disease activity, rather than PROMs measuring other
consequences of disease, was chosen in order to collect a comparable set of measures
with respect to construct validity. The search strategy was refined with MESH terms,
keywords and free text words, until a test-set of 11 target publications covering different
PROM-based instruments was fully covered.9,10,12,13,20-26 A full specification of the search
strategies is presented in Appendix I and II.
The second step of the review process involved independent evaluation by two assessors
(WK, JH) of abstracts found by the search strategies. The selection criteria were as follows:
Inclusion criterion:
1 Article describes psychometric/clinimetric development or evaluation of a PROM
based instrument, without a formal joint count, for assessing disease activity in RA
Exclusion criteria:
1 Article describes the above specifically for a juvenile population
2 Article describes the above specifically for a population other than RA
3 Article only describes results already presented in earlier articles
Any discordance in abstract selection was discussed in a consensus meeting. Two
assessors (MJ, JH) then read the full text of the remaining articles as a final check of
eligibility.
In the third step of the review, the methodological quality of each included study was
checked by two assessors (MJ, JH) independently using COSMIN checklists with a 4-point
rating scale ranging from poor to excellent.18 Each measurement property, out of ten
possible, was scored in a separate box containing five to eighteen items referring to
quality aspects for the respective measurement property (e.g. sample size, description
of missing items or statistical method used). The guidance given to rate each item of the
reported measurement properties was followed and any existing discordance in scores
between the assessors was relieved in a second consensus meeting. As recommended,
a final overall rating for each measurement property, described in each study, was
determined by taking the lowest rating of any item in the respective box. Additionally, the
second lowest score was reported to give insight into the possibility of a single low score
in a respective category determining the total score.
Finally, study characteristics and clinimetric data were extracted from the included
studies (Table 2 & Appendix III).27-30 For the interpretation of statistical measures being
reported in studies several suggestions have been stated. According to Nunnally and
Bernstein, a Cronbach’s alpha of 0.8 is sufficient for research purposes and a value of
0.9 is recommended in case individual decisions are based on specific test scores.31 As a
rule of thumb, Hinkle et. al. have proposed the following categorization for correlational
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measures: 0.1 to 0.29 no or negligible correlation, 0.30 to 0.49 low correlation, 0.50 to 0.69
moderate correlation, 0.70 to 0.89 high correlation and 0.9 to 1.0 very strong correlation.32
For Cohen’s kappa as measure of agreement several different categorizations has been
proposed, though can largely be regarded as: <0.4 poor, 0.4 to 0.6 fair/moderate, 0.600.80 substantial/good, 0.80 to 1.00 excellent/almost perfect.33-36 According to Swets
Area Under the Curve (AUC) values from 0.5 to 0.7 represent poor accuracy, those from
0.7 to 0.9 are moderate and those above 0.9 represent high accuracy.37 For the overall
overview of measurement properties across the included studies (Table 3) the following
values were considered as positive indicators of the respective measurement property:
Cronbach’s alpha≥0.80, correlation coefficients ≥0.60, Cohen’s Kappa ≥0.60, AUCs ≥0.70.
As there is a lack of guidance for categorization of the magnitude of measurement error,
we considered the measurement error to be positive if it was on par or smaller than
similar physician reported measures (e.g. DAS28 or SDAI) that were reported in the same
study. The overall quality and consistency of evidence for the measurement properties of
each instrument (evaluated over multiple studies shown in Appendix III) was summarized
using a method originally proposed by the Cochrane Back review group and that has
been used by others since (Table 1).27-30 Dependent on the presence of either one or more
studies of fair, good or excellent methodologic quality, and the consistency of findings
across studies, the level of overall evidence ranges from unknown to strong (Table 1).

3

table 1 Levels of evidence for the overall quality of measurement properties per instrument
across all included studies27-30
Level

Rating

Criteria

Strong

+++ or ---

Consistent findings in multiple studies of good methodological
quality OR in one study of excellent methodological quality

Moderate

++ or --

Consistent findings in multiple studies of fair methodological
quality OR in one study of good methodological quality

Limited

+ or -

One study of fair methodological quality

Conflicting

±

Conflicting findings

Unknown

?

No studies or only studies of poor methodological quality

+ positive result, - negative result

Results
The search strategy resulted in 358 articles in PubMed and 275 articles in Embase. The
two search strategies had 32% overlap, resulting in 424 articles to be reviewed (Figure 1).
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Pubmed
n=353

32%

Embase
n=275

Abstract review
n=424

Excluded
n=368

Full article review
n=56 (13%)

Excluded
n=22

Final selection
n=34 (8%)

figure 1 Search results PubMed/EMBASE, overlap, exclusion based on abstract review, exclusion
based on full review

Independent assessment of the abstracts resulted in 94% concordance and consensus
was reached after discussing the remaining abstracts. Discordance was mostly due to
discussion if the article was aimed at validating PROM based instruments intended to
measure disease activity. After consensus 56 abstracts were included for full review and
368 were excluded.
Of the 56 articles that were retrieved for full-text review, 22 articles were excluded.
Reasons for exclusion were: the reported instrument was not specifically developed to
assess disease activity, the reported instrument was not PROM based, the article reviewed
results of earlier publications, the report did not focus on a clinimetric evaluation, or the
report did not provide subgroup analyses for the RA subpopulation.
The 34 articles included for full review described the following instruments: Pt-SDAI, PtDAS28, PDASI, PDASII, RADAI, RADAI-5, PASI, PASII, RAPID3, RAPID4-PtJC, RAPID4-MD,
RAPID5, PRO-index M, PRO-index C, PRO-CLARA.9-13,20-26,38-59 An overview of basic study
characteristics is given in table 2. Most reports focused on two or three out of 10 possible
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measurement properties (appendix III). Aspects of validity and responsiveness were
evaluated most frequently, whereas aspects of interpretation, cross-cultural validity,
content validity, measurement error and reliability were seldom, or not, investigated. The
quality of individual studies ranged from poor to excellent. Most noted reasons for poor
scores were: not reporting missing items, not reporting of how missing items were dealt
with and poor choice of statistical measures.
table 2 Characteristics of the study population of included studies
Study

Size

Age

% female % RF+

Disease
duration

DAS28 at
baseline

Blanchais et al.38

26

56.6 (9.5)

nr

nr

16.6 (10) y

nr

Bossert et al.

200

57 (11.5)

75.5

78

13 (8.3) y

3.61 (1.43)
nr

39

Castréjon et al.

39

56.8 (13.9)

90

nr

3.5 (nr) y

Castréjon et al.41

720

48.2 (12.4)

76.2

nr

4.8 (2.9-7.0)2 m 5.1 (1.3)

Choy et al.9

322

60.3 (23-87)1 76

81

9.13 (0-48)1 y

nr

Fransen et al.42

92

52 (13)

83

87

9 (4-14)2 y

nr

Fransen et al.

584

59 (12)

72

69

8 (3-15) y

4.3 (1.4)

Fujiwara et al.43

250

59.3 (14)

78.4

nr

10.35 (9.83) y

nr

Harrington44

185

63 (22-88)1

nr

nr

18 (2-51)3 y

nr

45

Heegaard et al.

30

60 (15)

77

70

15 (6) y

3.5 (1.0)4

Houssien et al.

10

100

57.7 (12.2)

78

nr

11.5 (8.3) y

4.24 (1.3)

69

60.12 (13.16) 76.8

nr

11.9 (8.6) y

2.55 (1.08)

218
229

54.3 (21-88) 81.7
54.7 (19-82)1 76.9

nr

8.5 (nr) y
7.2 (nr) y

5.4 (1.3)
5.0 (1.3)4

Leeb et al.21

169

57 (19-78)1

79.8

50

7.2 (0.2-46)1 y

3.51 (0.28-6.67)1

Leeb et al.

108

59.5 (24-87)

77.7

54

nr

2.95 (0.43-6.24)3

Pincus46

63
30

58.5 (19.7)2
54.6 (20.9)2

ref

ref

3.5 (8.8)2 y
2.9 (8.9)2 y

ref

Pincus et al.23

557
278

ref

ref

ref

ref

6.82 (nr)/6.83(nr)
6.89(nr)/6.88(nr)

Pincus et al.47

1384

ref

ref

ref

ref

ref

Pincus et al.

48

982

ref

ref

ref

ref

ref

Pincus et al.

49

557
227

ref

ref

ref

ref

ref

Pincus et al.50

ref

ref

ref

ref

ref

Pincus et al.

285

57.4 (14.6)

73

nr

9.7(9.0) y

40

20

Janta et al.11
Kavanaugh et al.

22

51

12

1

3

2

ref
3.4 (1.7)

2

Pincus et al.

200

53.4 (16.2)

81

nr

11.6 (10.8) y

3.7 (1.5)

Riazzoli et al.13

47

50 (13)

79

86

9.4 (8.6) y

5.4 (1.2)

Rintelen et al.24

392

61 (20-87)3

82.1

59.4

62 (3.545)3 m

3.26 (0.49-8.09)3

52

3

2

43

Chapter 3

Study

Size

Age

% female % RF+

Disease
duration

DAS28 at
baseline

Rintelen et al.53

705

62.7 (13.4)

75.9

54.4

97.3 (98.0) m

3.31 (1.37)

Salaffi et al.54

191

56.6 (12.2)

82.7

nr

5.1 (5.5) y

6.02 (1.15)

Salaffi et al.55

196
247

56.7 (12.1)
58.1 (11.2)

83.1
80.1

78
76

5.1 (5.9) y
6.2 (6.6) y

3.94 (2.03)

Singh et al.56

200

42.2 (nr)

83

nr

4.9 (nr) y

Stucki et al.

55

60.0 (14.6)

62

nr

5.1 (1.3-10.7) y nr

Sullivan et al.

740

57 (13.7)

83

63.8

14.3 (12.3) y

4.05 (1.5)4

Uhlig et al.

57
58

5.2 (1.6)
2

28

61.1 (6.2)

64

64

16.6 (10.4) y

3.12 (1.27)

Veehof et al.25

191

54.5 (13.3)

71

nr

7.0 (3-17)2 y

5.42 (1.07)

Wolfe et al.

9078

62.2 (12.6)

78.2

nr

16.2 (10.9) y

nr

59

26

[..] reference number, mean (standard deviation), RF+ rheumatoid factor positive, y years, m months, nr not
reported, ref reference to results in earlier publication
1
mean (range)
2
median (interquartile range)
3
median (range)
4
DAS28-CRP

Levels of evidence, over multiple studies, for each of the 17 instruments are shown in
Table 3. Overall, most instruments had limited or moderate levels of evidence for three
to five, out of ten possible, measurement properties. The four instruments with the most
extensive validations and strongest levels of evidence were: Pt-DAS, RADAI, RADAI-5 and
RAPID3.
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?

?

?

?

?

?
?
++
0.87 α

?

?

?

+
0.89 α

PAS I 26,54

PAS II 26
RAPID 2 23
Rapid 3 22,38-41,43,46,48-

RAPID 4
PTJC 23,38,51
RAPID 4
MD 23
RAPID 5 23,51,58

54,55

?
?

?
?

?

?

?

?

?
?
?
14.8% maxSDD

?
?

?

?

?

?

?
?
?

?

?

?

?

?
+
23.2%meanSSD
+
59.9% meanSSD
?

?

?

?

?

?
?

+
1 factor

?

?

?

?
?
++
1 factor

?

?

?

?

++
1 factor
?

?
?

?

?

?

?

?
?
?

?

?

?

?

?

?

?
?

+

?

?

?

+
?
++

+

+

++

+

+

++

?
?
?

±
?
+
0.79 AUC-

+
0.70s
+
0.82 AUC+
0.50s

++
0.69-0.71s
+
0.84s
?
-0.54s

responder

?

?

?
?

?

?

?

0.43-53 wκ
?

responder

?
?
±
0.80 AUC-

?
?
?

?

?

responder

?

?

?

0.589s / 0.295κ
?

responder

++
0.77 AUC-

Responsiveness Interpretability

++
0.65s
?

?
?
++
0.64-91s

++
0.62-0.66s
+
0.89s
+
0.76s
++
0.73-0.94p
++
0.87s 0.93p
?

Content Structural Cross-cultural Hypothesis Criterion
validity validity
validity
testing
validity
?
++
?
+++
-1 factor
0.48-0.83s

[..] reference number, + positive result, - negative result (for explanation of the categorization of the levels see Table 1), a Chronbach’s alpha, ICC interclass correlation coefficient, p Pearson’s
correlation coefficient, SDD smallest detectable difference, %meanSDD SDD as percentage of mean value of the outcome, %maxSDD SDD as percentage of maximum value of outcome, s
Spearman’s correlation coefficient, p Pearson’s correlation coefficient, k Kappa, wk Weighted Kappa, t Kendall’s Tau, AUCflare Area Under the Curve for patients with flare versus no flare,
AUCresponder Area Under the Curve for patients responding to therapy versus not responding

PRO-index C / M 47
GAS 44,58

PRO-Clara

52,54-56,59

?
?

?
?
?
0.90

?

+
0.76-0.88
+
0.76-0.88
+
0.92p
+
0.90p
?

Pt-SDAI 11,45

Pt-DAS 10-13,45

PDAS II

9

PDAS I 9

?

++
0.91-0.92 α
0.5 α
0.4 α
?

Internal
Reliability Measurement
consistency
error
++
?
?
0.84-0.91 α 0.92 ICC
14.9%maxSDD

RADAI-5 21,22,24,39,53

RADAI 10,20,21,25,42,54, 55,57-59

Instrument

table 3 Overall levels of evidence of measurement properties per instrument across all included studies
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Discussion
In this study PROM-based instruments for disease activity in RA were identified and
their measurement properties were systematically reviewed based on the COSMIN
method.14-19,27,29,60 There is a large body of research related to patient reported outcomes
with inconsistent usage of terms describing outcome measures that are patient reported
and terms describing different aspects of clinimetric validation. A lot of work has been
done validating several PROM-based instruments to capture disease activity, though
none of the identified instruments have good quality validation studies covering all
clinimetric domains (Table 3). All the information gathered in this review will be taken
up in the EULAR Outcomes Measures Library (http://oml.eular.org/) in order to create
openly accessible database of PROM-based measures, which can be updated with new
information as it comes available.61
The first part of this review involved identifying reports which described the clinimetric/
psychometric evaluation of PROM-based instruments to assess disease activity in RA.
The two search strategies (PubMed and EMBASE) resulted in a substantial amount of
unique candidate articles and 32% overlap in search hits (Figure 1, Appendix I & II). This
demonstrates the value of not restricting search efforts to only one major referencing
database.
In the second review round, 56 reports were included for full text evaluation of PROMbased instruments and their measurement properties. Most candidates did not meet the
inclusion criterion that the article described a clinimetric/psychometric evaluation of a
PROM-based instrument. This was to be expected as the search strategies (Appendix I and
II) were developed with a focus on sensitivity not specificity, due to a lack of consistent
terminology for describing clinimetric evaluations and PROMs in literature to date.16,19
It is notable that the Rheumatoid Arthritis Impact of Disease (RAID) instrument was not
selected for this systematic review. This decision was made, because this instrument
was designed to capture ‘patients’ perception of the impact of the disease on domains
of health’.62 This covers a broader construct of health, including e.g. emotional wellbeing,
when compared to the more ‘biologically’ oriented clinical indices of disease activity.63
Additionally the focus of the RAID is on the impact of disease, which can be moderated by
coping. These differences make the RAID heterogeneous to the instruments specifically
focusing on RA disease activity, which this review was aimed at, and therefore less
comparable, especially with regards to assessments of validity.
The third part of this review involved rating the level of evidence for each measurement
property reported in the 34 articles selected in step 2. As recommended by COSMIN,
the level of evidence was determined by the lowest score of all quality items for each
measurement property. Almost all articles failed to report the number of missing items,
or did not describe how missing data were handled, reducing the quality rating of the
evidence (Appendix III). In order to adequately evaluate an instrument, it is important to
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know if certain items are often missing and why this is so. The issue of failure to report
missing data and its handling is not restricted to clinimetric evaluations; between 2006
and 2014 it has been reported as one of the 14 most frequently given review comments
in the Annals of Rheumatic Diseases.64 We encourage authors, and journals, to place
more emphasis to clear reporting of the occurrence and handling of missing data in the
respective methods and results sections of the reports. Another aspect that was not
clearly reported, was the measurement model of the instrument. The COSMIN guide
differentiates between reflective and formative models.65 Reflective models consist
of items which are a manifestation of the same underlying construct. Also known as
effect indicators, these items are expected to be highly correlated and interchangeable.
Formative models consist of items that together form the construct. These items do
not need to be correlated and internal consistency is therefore not relevant. Judging
by the content of most instruments, these are probably based on formative models.
Because there was no clear description of the measurement models, we scored
internal consistency measurement properties as suggested by COSMIN guidelines. It
should however be noted that these scores are most likely not relevant to the reported
instruments and should therefore not be taken into account when judging its clinimetric
quality. Of further note, some authors chose to refer to earlier reports for the description
of the study population, which we would not advise.23,47-50 This hampers readers to
adequately judge reported instruments, as the diversity of the study population can
severely impact the evaluation of measurement properties.

3

In the fourth and final step of the review, all the available evidence of each instrument
was compiled into Table 3. It can be seen that the result of using the classification method
proposed in Table 1, that it is not necessarily the case that the PROMs which have been
most published on, such as RADAI or RAPID3, are thereby automatically the ‘best’ scores
with regards to evidence. This is due to the quality of each individual validation study
or the presence of conflicting findings across studies. Furthermore, explicit judgement
on which are the ‘best’ scores is not given, because that is reliant on the purpose for
which the instruments are to be used. Some physicians might want to trade-off ease of
use against accuracy of an instrument, while others might not. Therefore, an overview
with regards to the evidence available of these measures is provided and the choice of
instruments is up to the reader/user, for they will be the best judges given the intended
use.
To our knowledge this is the first systematic review based on the COSMIN method for
PROM-based instruments assessing disease activity in patients with RA. It adds to earlier
reviews of physician/professional based instruments for disease activity assessment.2,6
We limited the review to studies published in the last twenty years, because these
instruments are the most likely to be relevant to current clinical trials and daily practice.
The aim of the search strategy was to focus on sensitivity. The search used a validated
PubMed-filter in conjunction with many free text terms and identified all 11 test-set
articles plus an additional 23 other relevant validation studies. This strengthens our
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belief that the search strategy was indeed sensitive, however it is still possible that
some validation studies were not found due to the high heterogeneity of terms used in
literature. To ensure the uptake of evidence concerning clinimetric evaluation of PROMs,
we recommend that authors pay close attention to choosing appropriate keywords in the
title, abstract and keyword section, and that they make use of consistent terminology
suggested by COSMIN.16 As part of the EULAR OML strategy, authors of the identified
instruments will be contacted and encouraged to provide any evidence that might have
been missed by the search strategy to further enhance sensitivity. The OML will be
periodically updated with new evidence by refining and rerunning the search strategies
(Appendix I and II).
Clinical implications of this systematic review can be deducted from Table 3. It is clear that
to date the most effort has gone into the measurement properties concerning validity
aspects (hypothesis testing, criterion validity, responsiveness). Other clinimetric domains
such as reliability and interpretability are in need of more evidence. If for instance the
measurement error or minimal important change are not well known, this impedes the
use of a measure. The clinical implication of this is that without these measurement
properties physicians cannot judge if differences in scores are due to chance and if they
are truly important to their patients. In addition to this, evaluations of cross-cultural
validity and direct comparison studies are needed in order to facilitate comprehension
of instrument scores across different studies and different countries. Without evidence
of formal validations of instruments in the language of their choice, physicians should
be cautious of using instruments, comparing scores, or generalizing results of clinical
studies using instruments in languages other than their patients’.
In conclusion this systematic review of PROM-based instruments identified 17 measures
aimed at monitoring disease activity in RA. The quality and extent of clinimetric validation
varied amongst reports. The measurement properties least reported and in need of more
evidence were: reliability, measurement error, cross-cultural validity and interpretability
of measures. In general, the Pt-DAS, RADAI, RADAI-5 and RAPID3 had the strongest
and most extensive validation. We hope this systematic review will aid professionals in
the choice of PROM-based tools for disease activity assessment in RA. It is a first step
in enhancing standardization and clinimetric evaluation of these measures for disease
activity in RA, and ultimately for supporting their use in clinical trials and daily practice.
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Appendix I
PubMed search strategy
(“Severity of Illness Index”[Majr] OR “Disease Progression”[Majr] OR “disease
activity”[Title/Abstract] OR “disease severity”[Title/Abstract] OR “remission”[Title/
Abstract] OR “flare”[Title/Abstract] OR “ Severity of Illness Index “[Title/Abstract] OR
“disease progression”[Title/Abstract] OR “disease course”[Title/Abstract])
AND (“Arthritis, Rheumatoid”[Majr] OR rheumatoid arthritis[Title/Abstract])
AND (“questionnaires”[Majr] OR “Patient Participation”[Majr] OR “Self examination”[
Majr] OR “Self assessment”[ Majr] OR patient index[tiab] OR patient administered[tiab]
OR patient derived [tiab] OR patient based [tiab] OR patient assessed[tiab] OR patient
assessment[tiab] OR patient assessments[tiab] OR patient reports[tiab] OR patient
reported[tiab] OR patient monitor[tiab] OR patient monitoring[tiab] OR patient
monitored[tiab] OR patient evaluated[tiab] OR patient evaluation[tiab] OR patient
evaluations[tiab] OR patient examination[tiab] OR patient examinations[tiab] OR
patient examined[tiab] OR patient rated[tiab] OR patient participation[tiab] OR
self administered[tiab] OR self assessment[tiab] OR self assessments[tiab] OR self
assessed[tiab] OR self report[tiab] OR self reported[tiab] OR self monitor[tiab] OR self
monitoring[tiab] OR self monitored[tiab] OR self evaluate[tiab] OR self evaluation[tiab]
OR self evaluations[tiab]OR self evaluated[tiab] OR self examine[tiab] OR self
examination[tiab] OR self examinations[tiab] OR self examined[tiab] OR self rate[tiab]
OR self rated[tiab])

3

AND (“instrumentation”[sh] OR “methods”[sh] OR Validation Studies[pt] OR
Comparative Study[pt] OR “psychometrics”[MeSH] OR psychometr*[tiab] OR
clinimetr*[tw] OR clinometr*[tw] OR “outcome assessment (health care)”[MeSH] OR
outcome assessment[tiab] OR outcome measure*[tw] OR “observer variation”[MeSH]
OR observer variation[tiab] OR “Health Status Indicators”[Mesh] OR “reproducibility of
results”[MeSH] OR reproducib*[tiab] OR “discriminant analysis”[MeSH] OR reliab*[tiab]
OR unreliab*[tiab] OR valid*[tiab] OR coefficient[tiab] OR homogeneity[tiab] OR
homogeneous[tiab] OR “internal consistency”[tiab] OR (cronbach*[tiab] AND
(alpha[tiab] OR alphas[tiab])) OR (item[tiab] AND (correlation*[tiab] OR selection*[tiab]
OR reduction*[tiab])) OR agreement[tiab] OR precision[tiab] OR imprecision[tiab]
OR “precise values”[tiab] OR test–retest[tiab] OR (test[tiab] AND retest[tiab]) OR
(reliab*[tiab] AND (test[tiab] OR retest[tiab])) OR stability[tiab] OR interrater[tiab] OR
inter-rater[tiab] OR intrarater[tiab] OR intra-rater[tiab] OR intertester[tiab] OR intertester[tiab] OR intratester[tiab] OR intra-tester[tiab] OR interobserver[tiab] OR interobserver[tiab] OR intraobserver[tiab] OR intra-observer[tiab] OR intertechnician[tiab]
OR inter-technician[tiab] OR intratechnician[tiab] OR intra-technician[tiab] OR
interexaminer[tiab] OR inter-examiner[tiab] OR intraexaminer[tiab] OR intraexaminer[tiab] OR interassay[tiab] OR inter-assay[tiab] OR intraassay[tiab] OR intraassay[tiab] OR interindividual[tiab] OR inter-individual[tiab] OR intraindividual[tiab]
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OR intra-individual[tiab] OR interparticipant[tiab] OR inter-participant[tiab] OR
intraparticipant[tiab] OR intra-participant[tiab] OR kappa[tiab] OR kappa’s[tiab]
OR kappas[tiab] OR repeatab*[tiab] OR ((replicab*[tiab] OR repeated[tiab]) AND
(measure[tiab] OR measures[tiab] OR findings[tiab] OR result[tiab] OR results[tiab] OR
test[tiab] OR tests[tiab])) OR generaliza*[tiab] OR generalisa*[tiab] OR concordance[tiab]
OR (intraclass[tiab] AND correlation*[tiab]) OR discriminative[tiab] OR “known
group”[tiab] OR factor analysis[tiab] OR factor analyses[tiab] OR dimension*[tiab]
OR subscale*[tiab] OR (multitrait[tiab] AND scaling[tiab] AND (analysis[tiab] OR
analyses[tiab])) OR item discriminant[tiab] OR interscale correlation*[tiab] OR
error[tiab] OR errors[tiab] OR “individual variability”[tiab] OR (variability[tiab] AND
(analysis[tiab] OR values[tiab])) OR (uncertainty[tiab] AND (measurement[tiab]
OR measuring[tiab])) OR “standard error of measurement”[tiab] OR sensitiv*[tiab]
OR responsive*[tiab] OR ((minimal[tiab] OR minimally[tiab] OR clinical[tiab] OR
clinically[tiab]) AND (important[tiab] OR significant[tiab] OR detectable[tiab]) AND
(change[tiab] OR difference[tiab])) OR (small*[tiab] AND (real[tiab] OR detectable[tiab])
AND (change[tiab] OR difference[tiab])) OR meaningful change[tiab] OR “ceiling
effect”[tiab] OR “floor effect”[tiab] OR “Item response model”[tiab] OR IRT[tiab] OR
Rasch[tiab] OR “Differential item functioning”[tiab] OR DIF[tiab] OR “computer adaptive
testing”[tiab] OR “item bank”[tiab] OR “cross-cultural equivalence”[tiab])
AND English[lang]
AND (“1994/01/01”[PDAT] : “2014/04/18”[PDAT])
NOT (Addresses[ptyp] OR Autobiography[ptyp] OR Bibliography[ptyp] OR
Biography[ptyp] OR Case Reports[ptyp] OR Clinical Conference[ptyp] OR
Congresses[ptyp] OR Consensus Development Conference[ptyp] OR Consensus
Development Conference, NIH[ptyp] OR Dictionary[ptyp] OR Directory[ptyp]
OR Duplicate Publication[ptyp] OR Editorial[ptyp] OR Electronic Supplementary
Materials[ptyp] OR English Abstract[ptyp] OR Festschrift[ptyp] OR Government
Publications[ptyp] OR Guideline[ptyp] OR Historical Article[ptyp] OR In Vitro[ptyp] OR
Interactive Tutorial[ptyp] OR Interview[ptyp] OR Introductory Journal Article[ptyp] OR
Lectures[ptyp] OR Legal Cases[ptyp] OR Legislation[ptyp] OR Letter[ptyp] OR MetaAnalysis[ptyp] OR News[ptyp] OR Newspaper Article[ptyp] OR Overall[ptyp] OR Patient
Education Handout[ptyp] OR Periodical Index[ptyp] OR Personal Narratives[ptyp]
OR Portraits[ptyp] OR Practice Guideline[ptyp] OR Retracted Publication[ptyp] OR
Retraction of Publication[ptyp] OR Review[ptyp] OR Systematic [sb] OR Scientific
Integrity Review[ptyp] OR Technical Report[ptyp] OR Twin Study[ptyp] OR Video-Audio
Media[ptyp] OR Webcasts[ptyp])
NOT (“infant”[MeSH Terms] OR “child”[MeSH Terms] OR “adolescent”[MeSH Terms])
NOT “animals”[MeSH:noexp]
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Appendix II
Embase search strategy
1 *Severity of Illness Index/ or *disease severity/ or *disease course/ or *disease activity
score/ or disease activity.ti,ab,kw. or disease severity.ti,ab,kw. or remission.ti,ab,kw. or
flare.ti,ab,kw. or Severity of Illness Index.ti,ab,kw. or disease progression.ti,ab,kw. or
disease course.ti,ab,kw.
2 *rheumatoid arthritis/ or rheumatoid arthritis.ti,ab,kw.
3 *questionnaire/ or *patient participation/ or *patient assessment/ or *self
examination/ or *self evaluation/ or *self report/ or *self monitoring/ or *patient
monitoring/ or patient index.ti,ab,kw. or questionnaire.kw. or questionnaires.kw. or
patient administered.ti,ab,kw. or patient derived.ti,ab,kw. or patient based.ti,ab,kw. or
patient assessed.ti,ab,kw. or patient assessment.ti,ab,kw. or patient reports.ti,ab,kw. or
patient reported.ti,ab,kw. or patient monitor.ti,ab,kw. or patient monitoring.ti,ab,kw.
or patient monitored.ti,ab,kw. or patient evaluated.ti,ab,kw. or patient evaluation.
ti,ab,kw. or patient examination.ti,ab,kw. or patient examined.ti,ab,kw. or patient
rated.ti,ab,kw. or patient participation.ti,ab,kw. or self administered.ti,ab,kw. or self
assessment.ti,ab,kw. or self assessed.ti,ab,kw. or self report.ti,ab,kw. or self reported.
ti,ab,kw. or self monitor.ti,ab,kw. or self monitoring.ti,ab,kw. or self monitored.ti,ab,kw.
or self evaluate.ti,ab,kw. or self evaluation.ti,ab,kw. or self evaluated.ti,ab,kw. or self
examine.ti,ab,kw. or self examination.ti,ab,kw. or self examined.ti,ab,kw. or self rate.
ti,ab,kw. or self rated.ti,ab,kw.

3

4 psychometry/ or outcome assessment/ or outcomes research/ or comparative study/
or intermethod comparison/ or multimethod study/ or feasibility study/ or validation
study/ or correlational study/ or correlation analysis/ or replication study/ or validity/
or reliability/ or reproducibility/ or observer variation/ or psychometr*.ti,ab,kw. OR
clinimetr*.ti,ab,kw. OR clinometr*.ti,ab,kw. OR outcome assessment.ti,ab,kw. OR
outcome measure*.ti,ab,kw. OR observer variation.ti,ab,kw. OR reproducib*.ti,ab,kw.
OR reliab*.ti,ab,kw. OR unreliab*.ti,ab,kw. OR valid*.ti,ab,kw. OR coefficient.ti,ab,kw.
OR homogeneity.ti,ab,kw. OR homogeneous.ti,ab,kw. OR internal consistency.
ti,ab,kw. OR (cronbach*.ti,ab,kw. AND (alpha.ti,ab,kw. OR alphas.ti,ab,kw.)) OR (item.
ti,ab,kw. AND (correlation*.ti,ab,kw. OR selection*.ti,ab,kw. OR reduction*.ti,ab,kw.))
OR agreement.ti,ab,kw. OR precision.ti,ab,kw. OR imprecision.ti,ab,kw. OR precise
values.ti,ab,kw. OR test retest.ti,ab,kw. OR (test.ti,ab,kw. AND retest.ti,ab,kw.) OR
(reliab*.ti,ab,kw. AND (test.ti,ab,kw. OR retest.ti,ab,kw.)) OR stability.ti,ab,kw. OR
interrater.ti,ab,kw. OR inter rater.ti,ab,kw. OR intrarater.ti,ab,kw. OR intra rater.
ti,ab,kw. OR intertester.ti,ab,kw. OR inter tester.ti,ab,kw. OR intratester.ti,ab,kw.
OR intra-tester.ti,ab,kw. OR interobserver.ti,ab,kw. OR inter observer.ti,ab,kw. OR
intraobserver.ti,ab,kw. OR intra observer.ti,ab,kw. OR intertechnician.ti,ab,kw. OR
inter technician.ti,ab,kw. OR intratechnician.ti,ab,kw. OR intra-technician.ti,ab,kw.
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OR interexaminer.ti,ab,kw. OR inter-examiner.ti,ab,kw. OR intraexaminer.ti,ab,kw. OR
intra examiner.ti,ab,kw. OR interassay.ti,ab,kw. OR inter-assay.ti,ab,kw. OR intraassay.
ti,ab,kw. OR intra assay.ti,ab,kw. OR interindividual.ti,ab,kw. OR inter individual.
ti,ab,kw. OR intraindividual.ti,ab,kw. OR intra individual.ti,ab,kw. OR interparticipant.
ti,ab,kw. OR inter participant.ti,ab,kw. OR intraparticipant.ti,ab,kw. OR intra
participant.ti,ab,kw. OR kappa.ti,ab,kw. OR kappas.ti,ab,kw. OR repeatab*.ti,ab,kw.
OR ((replicab*.ti,ab,kw. OR repeated.ti,ab,kw.) AND (measure.ti,ab,kw. OR measures.
ti,ab,kw. OR findings.ti,ab,kw. OR result.ti,ab,kw. OR results.ti,ab,kw. OR test.ti,ab,kw.
OR tests.ti,ab,kw.)) OR generaliza*.ti,ab,kw. OR generalisa*.ti,ab,kw. OR concordance.
ti,ab,kw. OR (intraclass.ti,ab,kw. AND correlation*.ti,ab,kw.) OR discriminative.
ti,ab,kw. OR known group.ti,ab,kw. OR factor analysis.ti,ab,kw. OR factor analyses.
ti,ab,kw. OR dimension*.ti,ab,kw. OR subscale*.ti,ab,kw. OR (multitrait.ti,ab,kw. AND
scaling.ti,ab,kw. AND (analysis.ti,ab,kw. OR analyses.ti,ab,kw.)) OR item discriminant.
ti,ab,kw. OR interscale correlation*.ti,ab,kw. OR error.ti,ab,kw. OR errors.ti,ab,kw.
OR individual variability.ti,ab,kw. OR (variability.ti,ab,kw. AND (analysis.ti,ab,kw.
OR values.ti,ab,kw.)) OR (uncertainty.ti,ab,kw. AND (measurement.ti,ab,kw. OR
measuring.ti,ab,kw.)) OR standard error of measurement.ti,ab,kw. OR sensitiv*.
ti,ab,kw. OR responsive*.ti,ab,kw. OR ((minimal.ti,ab,kw. OR minimally.ti,ab,kw. OR
clinical.ti,ab,kw. OR clinically.ti,ab,kw.) AND (important.ti,ab,kw. OR significant.
ti,ab,kw. OR detectable.ti,ab,kw.) AND (change.ti,ab,kw. OR difference.ti,ab,kw.)) OR
(small*.ti,ab,kw. AND (real.ti,ab,kw. OR detectable.ti,ab,kw.) AND (change.ti,ab,kw.
OR difference.ti,ab,kw.)) OR meaningful change.ti,ab,kw. OR ceiling effect.ti,ab,kw.
OR floor effect.ti,ab,kw. OR Item response model.ti,ab,kw. OR IRT.ti,ab,kw. OR Rasch.
ti,ab,kw. OR Differential item functioning.ti,ab,kw. OR DIF.ti,ab,kw. OR computer
adaptive testing.ti,ab,kw. OR item bank.ti,ab,kw. OR cross-cultural equivalence.
ti,ab,kw.
5 1 and 2 and 3 and 4
6 limit 5 to (english language and yr=”1994 -Current”)
7 limit 6 to (book or book series or conference abstract or conference paper or
conference proceeding or “conference review” or editorial or erratum or letter or note
or “review” or short survey or trade journal)
8 limit 6 to (embryo or infant or child or preschool child <1 to 6 years> or school child <7
to 12 years> or adolescent <13 to 17 years>)
9 limit 6 to (concensus development or meta analysis or “systematic review”)
10 limit 6 to (phase 1 clinical trial or phase 2 clinical trial or phase 3 clinical trial or phase 4
clinical trial)
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11 7 or 8 or 9 or 10
12 6 not 11
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PAS I

11
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9
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24
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0.5 / 0.4 α
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0.90p
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0.76-0.88
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± (+)
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± (±)
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0.54κ
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0.236κ
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0.370τ
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0.838s
0.939 AUC
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0.43s
0.27wκ
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0.44wκ
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± (±)
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0.32-0.42wκ

49
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0.53wκ
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0.801 AUCresponder
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0.616-0.641κ
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0.43wκ

- (-)
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0.73s
0.53wκ
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- (-)

- (±)

46

+ (++)
0.328τ
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+ (++)
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0.659pb
0.257κ
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± (+) 0.893 α

± (+) 1factor

± (±)

± (+)
0.54s

± (+)
0.453pphyglob

± (+)
0.835s
0.949 AUC

± (+)
0.71s

+ (++)
0.692s
0.48wκ

+ (++)
0.654s
0.44wκ

± (+)
0.50s

± (±)

± (+)
0.823 AUCresponder

± (+)
0.70s

- (-)

- (-)

- (-)

- (±)

[..] reference number, Quality of evidence indicators: ++ excellent, + good, ± fair, - poor lowest subscore per property + (next best subscore when discarding lowest subscore), α Chronbach’s
alpha, ICC interclass correlation coefficient, p Pearson’s correlation coefficient, SDD smallest detectable difference, %meanSDD SDD as percentage of mean value of the outcome, %maxSDD
SDD as percentage of maximum value of outcome, s Spearman’s correlation coefficient, p Pearson’s correlation coefficient, pb Passing-Bablok correlation coefficient, τ Kendall’s Tau, phyglob
physicians global assessment of disease activity as comparator, κ Kappa, wκ Weighted Kappa, AUCflare Area Under the Curve for patients with flare versus no flare, AUCresponder Area Under the
Curve for patients responding to therapy versus not responding
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Abstract
Objectives
In daily practice physicians translate knowledge from clinical trials to
practice, to improve health in individual patients. To help interpret
meaningful change on disease outcome measures, the concept of
Minimal Important Change (MIC) was conceived. The objective of this
study was to investigate if MIC values are suited for individual patient
monitoring.
Methods
Three main elements of the MIC concept were evaluated:
1 MIC values for improvement and deterioration were determined
and the amount of misclassification present in quantifying minimal
change was analyzed.
2 Discordance between the change categories defined by the
MIC values (improved, unchanged, deteriorated) and patients’
satisfaction with their health was inspected.
3 Discordance between the change categories defined by MIC values
and patients’ willingness to alter therapy was inspected.
Results
MIC value analysis was based on 469 patients with RA seen in
daily practice. The chance of falsely classifying health change of an
individual patient was high (false positive range 19%-30%; false
negative range 43%-72%). Of patients classified as improved, 24%
were not satisfied with their health and 69% were not willing to
change therapy. Of patients classified as deteriorated, 54% were
satisfied with their health and 57% were not willing to change therapy.
Conclusions
The misclassification in the quantification of change and high
proportions of discordance between change categories defined by
MIC cutoff values and patients’ satisfaction and willingness to alter
therapy, indicate that MIC values as such are not suited for individual
patient monitoring.

A critical evaluation of MIC

Introduction
To aid interpretation of health change, beyond statistical significance and in relation to
medical decisions, the concept of the minimal important change (MIC) was introduced. An
often cited definition of MIC is that of Jaeschke et al.: ‘the smallest difference in score in the
domain of interest which patients perceive as beneficial and would mandate, in the absence
of troublesome side effects and excessive cost, a change in the patient’s management.1 This
definition eloquently unites the different perspectives of patients, physicians and policy
makers on importance of health state change. Determining a MIC value is however far
from straightforward and will not lead to a single undisputed value.2-9 It is well known that
health priorities can differ between patients, physicians and policymakers.10-21 Unlike the
broad view represented in the definition, MIC value ascertainment is dependent on the
chosen perspective.9,22
Given the focus nowadays on patient centered care and shared decision making, this
study will adopt the patient perspective for determining MIC values. Currently, the most
often used method to attain MIC values from the patient perspective is to ask patients
to rate the amount of change in their health compared to a previous visit.2,6,7,23,24 This
method of attaining a minimal important change value can however have implications
for three components of a MIC value: 1) the quantification of change, 2) the valuation
of that change and 3) the therapeutic consequence. With regards to the quantification
of change, misclassification could occur if the answer categories used in health state
transition questions are not interpreted equally between patients. Furthermore,
standard health state transition questions do not include a valuation of change, merely
a quantification of change. The amount of perceived change might not directly correlate
with the valuation of that change and could be a second potential source of error. In
addition to misclassification in quantifying and valuing change, it can be questioned if
measuring the patient reported amount of change alone can mandate a change of the
patient’s management. Indicators that MIC values truly reflect the patient perspective
with regards to therapeutic consequence, such as percentages of patients willing to
alter therapy after experiencing MIC defined improvement, have not been reported in
literature.

4

If a MIC value is to be used for individual patient monitoring it should at least accurately
represent three elements as mentioned in the definition of Jaeschke: 1) quantification
of change, 2) valuation of that change, and 3) therapeutic consequence related to
experienced change.1 Evidence that these elements are represented from a patient
perspective is lacking. Therefore, this study’s aim is to investigate if MIC values
encompass three elements needed for interpreting change within individual patients
with Rheumatoid Arthritis (RA). The three objectives of the study were as follows:
1 To determine MIC values for improvement and deterioration, and assess the amount
of misclassification present in quantifying minimal change.
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2 To assess discordance between the change categories defined by the MIC values
(improved, unchanged, deteriorated) and the patients’ valuation of change,
represented by patients’ satisfaction with their health.
3 To assess discordance between the change categories defined by the MIC values
(improved, unchanged, deteriorated) and patients’ willingness to alter therapy.

Methods
Study design
This study had a prospective, longitudinal design. Basic patient characteristics and
clinical outcomes were stored in a database as part of an ongoing registry of patients with
rheumatoid arthritis (RA).25 Before being seen by a physician, patients were asked to fill
out a short MIC questionnaire asking about their perceived health change, satisfaction
with health and their willingness to alter therapy. This was done to avoid patients’
attitudes to health being influenced by clinical information.

Patients & clinical setting
For this study patients with RA visiting the Radboud University Medical Center were
investigated. Patients were treated with synthetic and biological disease-modifying antirheumatic drug according to current recommendations.26 As RA is a chronic disease with
fluctuating disease activity, this study population provides a good case mix of patients
with low to high levels of disease activity and disease courses ranging from improvement
to deterioration of the disease state. This allows for the assessment of two distinct MIC
values to aid in the interpretation of positive as well as negative health changes, as
losses could be valued differently than gains.27-29 Studies by Pope et. al. and Perrot et.
al. have shown that MIC values in daily clinical practice can be smaller than in RCTs.30,31
This indicates that MIC assessment, and the resulting values, can be influenced by the
selection of the study population. We therefore purposely chose to attain a random
sample of our daily clinical practice population for greatest external validity.
In line with the European League Against Rheumatism (EULAR) recommendations,
patients were monitored frequently in the case of active disease (every 1-3 months) and
were treated with the aim of achieving either a low disease activity state or remission.
All patients with RA aged 18 years and older, who were visiting the outpatient clinic for
routine assessment and who were capable of completing the short MIC questionnaire
were asked to take part in the study.
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Measures of disease state
The Disease Activity Score 28 joint count (DAS28), a validated and frequently reported
measure of disease state in RA, was obtained to provide an objective measure with which
patients’ quantification of minimal important change could be compared.32,33 The DAS28
contains the number of swollen joints (of 28) and the number of tender joints (of 28),
erythrocyte sedimentation rate and a global rating of health on a Visual Analogue Scale.
The DAS28 ranges from 0, representing no disease activity, to 10 representing maximal
disease activity. As it is conceivable that a patient reported measure of perceived change
is better at discriminating change on patient reported comparators as opposed to clinical
comparators, two additional measures were obtained to provide secondary measures
of health change. The Health Assessment Questionnaire disability index (HAQDI), a
frequently reported measure of functional ability in patients with RA, and 100mm Visual
Analogue Scale measuring self-perceived disease activity (VASDA) were collected as fully
patient reported comparators.34,35

Assessments of change, satisfaction and willingness to alter therapy
The disease specific health state transition question used to capture patient-based
quantification of change was as follows: ‘please mark how your arthritis is in comparison
to your last visit’. The 7-point Likert scale for this question was labeled much improved,
improved, slightly improved, unchanged, slightly worsened, worsened, much worsened.
As an indicator of the valuation of experienced change, patients’ satisfaction with their
achieved health state (PatSat) was measured by asking patients the following question:
“Please think of all the ways in which your arthritis has impact on you. How satisfied are
you with your current health status, if you were to stay in this state until your next visit
to the rheumatologist?”. The 4-point scale for this question was labeled very satisfied,
satisfied, dissatisfied, very dissatisfied. Furthermore patients’ willingness to alter therapy
(PatWat) given their current disease state was assessed by asking patients which of
the following four answer categories best reflected their outlook: ‘all is well regarding
my arthritis, therefore I want to alter / reduce my medication’, ‘all is well regarding
my arthritis, therefore I want to keep my medication the way it is now’, all is not well
regarding my arthritis, therefore I want to alter / increase my medication’ or ‘all is not
well regarding my arthritis, nevertheless I want to keep my medication the way it is now’.

4

Statistical analyses
To assess classification in quantification of change, distributions of DAS28 change
were categorized according to patient perceived health change. Levene’s Test for
Equality of Variances and independent T-tests indicated that the underlying DAS28
change distributions of the health state transition categories ‘slightly improved’ and
‘improved’, as well as ‘slightly worsened’ and ‘worsened’ were not statistically, nor
clinically, different from each other. These categories were therefore combined into
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‘improved’ and ‘deteriorated’. Subsequently the Kruskal-Wallis test was performed to
inspect if the distributions in the categories were statistically different from each other.
MIC values for improvement and deterioration were determined as it is of interest to
physicians to interpret both positive and negative health change in order to intensify
or taper medication. For ascertainment of MIC cut-off values, the distributions were
then compared by means of receiver operating characteristic (ROC) curves for patients
reporting to have improved versus no change and deteriorated versus no change. MIC
cut-off values were determined by means of the minimal sum of misclassification.36 The
optimal cutoff value is determined by selecting the point where the sum of the chance of
a false positive result and the chance of a false negative result is lowest. This provides a
best-case reflection, because neither sensitivity, nor specificity is fixed a priori, in order
to minimize total misclassification. The same statistical procedure was followed to obtain
MIC values for the secondary, patient reported, comparators.
It has been suggested that MIC values are dependent of baseline disease activity
levels.29,37-42 Correcting for this dependency could influence the amount of
misclassification. Therefore, a stratified analysis for patients with a High (DAS28>3.2)
versus Low (DAS28<=3.2) level of pervious disease activity was performed.
As ROC curves can be flat in the area of interest, leading to adjacent cut points yielding
similar discriminative properties, results of singular ROC analyses can be unreliable.37
Therefore we used bootstrapping, allowing multiple analyses on random samples of the
original study population, to optimize the reliability of the results. The results for best
cut-off points of all the samples were summarized using the mean and 95 percentile
confidence interval.
Using the MIC cut-off values determined by the ROC analyses, patients’ change was
categorized into improved, unchanged and deteriorated. To inspect whether MIC values
reflect a valuation of change, the MIC categories were cross tabulated against the patient
reported satisfaction with one’s achieved health state. To inspect whether MIC values
reflect a therapeutic consequence, the MIC categories were cross tabulated against the
patients’ willingness to alter therapy.
All analyses were performed using IBM SPSS Statistics version 20.0.0.2.

Results
From October 2011 up to July 2012, 469 patients completed the questionnaire to allow
assessment of MIC values. This is 90% of the patients with RA who, according to local
guidelines, visit the outpatient clinic at regular intervals and who are included in the
patient registry. Most patients were middle-aged, female, rheumatoid factor positive and
had established RA (Table 1).
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table 1 patient characteristics (n=469)
Age

59.1 (13,0)*

Female

65%

RF positive

67%

Disease duration (in years)

10.3 (9.4)*

DAS28

3.09 (1,29)*

DAS28 at previous visit

3.16 (1.29)*

Interval between visits (in months)

3.35 (1.44)*

DAS28 change since previous visit

-0.07(1.22)*

RF Rheumatoid Factor, DAS28 Disease Activity Score 28 joint count
* mean (sd)

A small majority of patients (56%) had low disease activity, according to a DAS28<3.2.
Thirty-two percent of patients had an improvement in DAS28 greater than the
measurement error (0.6 points) since the previous visit to the outpatient clinic.43 Twentyseven percent of patients had a deterioration in DAS28 greater than the measurement
error (0.6 points) since their previous visit.

1

MIC values and misclassification when interpreting individual change

4

The distribution of DAS28 change scores for groups of patients reporting improvement,
no change or deterioration of health are depicted in Figure 1.

figure 1 DAS28 change frequency distributions stratified by self-perceived health state transition
and MIC cut-off values for improvement and deterioration based on ROC analysis
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The mean DAS28 change and standard deviation of patients categorized as improved,
stable and deteriorated were -0.68(1.21), 0.02(0.91) and 0.44(1.22) respectively. The
distributions are shifted from left to right when looking from improved to deteriorated.
This is to be expected as a decrease in DAS28 (negative change value) corresponds
to less disease activity and therefore an improvement in health. The DAS28 changes
were statistically significant between the three categories (p<0.001). Based on these
distributions a MIC for improvement of 0.47 points decrease in DAS28 was found to
produce the minimal amount of misclassification. The MIC value for deterioration with
the least amount of misclassification was 0.63 points increase in DAS28. The results for
the MIC values for the patient reported comparators are shown in Table 2.
table 2 Results of ROC analyses to determine MIC cut-off values
Measure

MIC
value

False positive False negative 1000x bootstrap MIC
chance
chance
value median (95% CI)

DAS28 (improvement)

-0.47

24%

43%

-0.40 (-1.08 : 0.01)

DAS28 (deterioration)

0.63

23%

54%

0.64 (0.21 : 1.10)

HAQDI (improvement)

-0.06

24%

72%

0.01 (-0.30 : 0.88)

HAQDI (deterioration)

0.08

30%

54%

0.08 (-0.03 : 0.27)

VASDA (improvement)

-14.40

21%

57%

-17.11 (-31.37 : -5.20)

VASDA (deterioration)

14.50

19%

50%

12.50 (-0.30 : 14.50)

MIC Minimal Important Change, DAS28 Disease Activity Score 28 joint count, HAQDI Health Assessment
Questionnaire Disability Index, VASDA Visual Analogue Scale Disease Activity, 95% CI 95% confidence interval

The considerable overlap between the three distributions in Figure 1 and the results of
the ROC analyses show that substantial misclassification remains present if one MIC
value is determined for either improvement or deterioration. The chance of falsely
classifying an individual patient as having experienced minimal important change
(1-specificity) is at least 19%. The chance of falsely identifying an individual patient as not
having experienced minimal change (1-sensitivity) is at least 43%. The MIC cut-off values
stratified for previous DAS28 level are shown in Table 3.
The MIC improvement cut-off values are larger for patients with a high previous DAS28
level; -0.99 versus -0.13. The MIC deterioration cut-off values are larger for patients with
a low previous DAS28 level; 1.06 versus 0.21. The amount of total misclassification was
similar for DAS28, HAQDI and VASDA as measures of disease change.
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table 3 Results of stratified ROC analyses to determine MIC cut-off values for patients with a high
DAS28 versus low DAS28 at the previous visit
Measure

MIC
value

False positive False negative 1000x bootstrap MIC value
chance
chance
median (95% CI)

Moderate to high DAS28 (>3.2) at previous visit
MIC-improvement

-0.99

24%

40%

-0.99 (-1.41 : 0.01)

MIC-deterioration

0.21

22%

58%

-0.07 (-1.34 : 0.90)

Low DAS28 (<=3.2) at previous visit
MIC-improvement

-0.13

29%

48%

-0.14 (-1.06 : 0.32)

MIC-deterioration

1.06

14%

43%

0.87 (0.48 : 1.28)

MIC Minimal Important Change, DAS28 Disease Activity Score 28 joint count, 95% CI 95% confidence interval

2

MIC categorization and patient valuation (PatSat)

Table 4 shows how many patients would be classified as improved, unchanged or
deteriorated according to the DAS28 MIC cut-off values and the proportions of patients
that are satisfied with their current health if this would not change until the next visit
to the rheumatologist. Of patients being classified as having experienced a minimal
important improvement, 24% (n=39) with a mean DAS28 of 3.27 (SD=1.23) reported being
dissatisfied with their health if unchanged until the next visit to the rheumatologist. Of
patients being classified as having experienced a minimal important deterioration in their
health, 54% (n=64) with a mean DAS28 of 3.63 (SD=0.97) reported being satisfied with
their health status. Similar results, reported in table 5, were found when using the MIC
cut-off values based on HAQDI and VASDA.

3

4

MIC categorization and patient therapeutic outlook (PatWat)

The proportions of patients willing to alter medication due to their perceived health
status are shown in Table 4.
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table 4 Cross tabulation of change according to MIC-DAS28 with PatSat and PatWat
Improveda

Unchangeda Deteriorateda

Satisfied with health

76% (124)

75% (140)

54% (64)b

Dissatisfied with health

24% (39)b

25% (46)

46% (54)

All is well with arthritis & willing to alter
medication

19% (30)

19% (34)

14% (16)b

All is well with arthritis & not willing to alter
medication

63% (100)b

64% (114)

47% (55)b

All is not well with arthritis & not willing to alter 6% (9)b
medication

6% (11)

10% (11)b

All is not well with arthritis & willing to alter
medication

11% (20)

29% (34)

12% (20)b

MIC-DAS28 Minimal Important Change for Disease Activity Score 28 joint count, PatSat Patient Satisfaction,
PatWat Patient Willingness to Alter Therapy
a
Improved= ∆DAS28<=-0.47, Unchanged= -0.47<∆DAS28<0.63, Deteriorated= ∆DAS28>=0.63
b
discordance between MIC categorization and MIC definition

Notably, 81% (n=129) of patients classified as improved either did not want to change their
medication or was willing to change their medication due to the perception that all was
not well with their arthritis. For patients classified as deteriorated, 71% (n=82) of patients
either did not want to change their medication or was willing to change their medication
due to the perception that all was well with their arthritis. Similar results, reported in table
5, were found when using the MIC cut-off values based on HAQDI and VASDA.
table 5 Cross tabulation of change according to MIC-HAQDI and MIC-VASDA with PatSat and
PatWat
Change according to MIC HAQDI

Change according to MIC VASDA

Improved

Unchanged Deteriorated Improvedb Unchangedb Deterioratedb

Satisfied with health

74%(83)

75%(147)

62% (98)c

80% (95)

76% (173)

49% (60)c

Dissatisfied with health

26%(29)c

25%(50)

38% (60)

20% (23)c

24% (54)

51% (62)

All is well with arthritis &
willing to alter medication

19% (21)

20% (39)

13% (20)

18% (20)

23% (51)

8% (9)c

All is well with arthritis &
55% (61)c
not willing to alter medication

65% (126)

55% (82)c

70% (79)c

58% (128)

52% (62)c

All is not well with arthritis & 10% (11)c
not willing to alter medication

4% (7)

9% (13)c

5% (6)c

4% (10)

12% (15)c

All is not well with arthritis &
willing to alter medication

11% (21)

23% (35)

7% (8)c

15% (33)

28% (33)

a

16% (18)c

a

a

c

MIC Minimal Important Change, PatSat Patient Satisfaction, PatWat Patient Willingness to Alter Therapy, HAQDI HAQDI Health
Assessment Questionnaire Disability Index, VASDA Visual Analogue Scale Disease Activity
a
Improved= ∆HAQDI<=-0.06, Unchanged= -0.06<∆HAQDI<0.08, Deteriorated= ∆HAQDI>=0.08
b
Improved= ∆ VASDA <=-14.40, Unchanged= -14.40<∆ VASDA <14.50, Deteriorated= ∆ VASDA >=14.50
c
Discordance between MIC categorization and MIC definition

74

A critical evaluation of MIC

Discussion
This study focused on investigating if MIC values are suited for individual patient
monitoring in daily practice by investigating three elements of the MIC concept: 1)
quantification of change, 2) valuation of that change and 3) therapeutic consequence
of experienced change. The misclassification in the quantification of change and high
proportions of discordance between change categories defined by MIC cutoff values
(improved/unchanged/deteriorated) and patients’ valuation of change and willingness
to alter therapy, indicate that MIC values as such are not suited for individual patient
monitoring in daily practice. In the following paragraphs we will discuss how the results
regarding each of the three aspects of MIC values support this statement.
Substantial misclassification was found to be present in quantification of change. This
was reflected by the high false positive and false negative chances in Table 2, with chances
of misclassifying an individual patient exceeding 70%. Comparable, unfavorable, levels of
misclassification have been reported in many other studies investigating MIC values for a
wide variety of instruments used in various fields of medicine.44-56 Similar to other studies
MIC values varied with prior levels of disease activity.37,40,42 It has yet to be shown if this is a
result of different perceptions of change in different types of patients, floor/ceiling effects
of the measures, or if it is due to the result of regression to the mean. In any case, the
amount of misclassification present after determining MIC values was not significantly
reduced by stratifying according to previous disease activity levels. The patient reported
comparators in this study also showed the unfavorable discriminative performance of
patient perceived change. The high amount of misclassification is therefore not simply
explained by a possible baseline dependency of MIC values, nor is it by the discordance in
patient versus physician perception of disease course.

4

As a second component of MIC, valuation of change was investigated by inspecting the
discordance between MIC categories (improved, unchanged, deteriorated) and patients’
satisfaction with their attained health state. Of patients being classified as having
experienced a minimal important improvement, 24% reported being dissatisfied with their
health. Out of the patients classified as minimally deteriorated 54% reported being satisfied
with their health status. Apparently simply asking patients the amount of perceived change
is not enough to validly capture a personal valuation of that change. This supports earlier
research in the notion that patients judge change in relation to their attained absolute
disease activity level at the time of change evaluation.57-60 A study by Tubach et al. found that
the MIC value equals the amount of change needed to attain a patient perceived acceptable
symptom state (PASS).61 In this study this was not the case. This could be attributed to the
different study populations that were investigated; painful knee osteoarthritis patients
and patients with acute rotator cuff syndrome versus a broad sample of patients with RA
taken from daily practice in our study. The fluctuant disease course of RA, as well as the
multidimensionality of the disease activity, could lead to more heterogeneity in patients’
perceptions of change and impact the relation between the MIC and PASS.
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Therapeutic consequence, as third component of MIC, was investigated by inspecting
the concordance between MIC categories (improved, unchanged, deteriorated) and
patients’ willingness to alter therapy. Of patients being classified as having experienced
a minimal important improvement, 81% either did not want to change their medication
or was willing to change their medication due to the perception that all was not well with
their arthritis. For patients classified as minimally deteriorated 71% either did not want to
change their medication or was willing to change their medication due to the perception
that all was well with their arthritis. These results indicate that solely the improvement
or deterioration measured was not of enough benefit or harm to most patients to result
in a willingness to change their therapy. This adds to work by Leeb et al. who have shown
that patients’ therapeutic attitude seems related to health satisfaction levels and can
diverge from group based clinical targets.20 Furthermore some authors have remarked
that MIC is not a fixed attribute of an instrument and should be regarded as a context
specific value.2,31,40,62 It seems more appropriate to consider MIC values to be treatment
and time dependent, as studies have shown that the treatment decision making process
is complex, in which risk perception, other medication beliefs, adaptation and coping
strategies can play important roles.17,18,63-72
This study was not without limitations. In absence of a validated item to measure
patient willingness to alter therapy, we modified Leeb and colleagues’ patient attitude
to therapy question to not only refer to therapeutic attitude, but to do so in reference to
one’s self-perceived health.20 We believe this addition aids the validity of this question,
for most patients would prefer not to take medication if it was not necessitated due to
their illness. A strength of this study was that a large proportion (90%) of patients with
regular monitoring visits seen in daily clinical practice participated in the study. The study
population of this study provided a good representation of MIC performance to monitor
patients with high to low levels of disease activity, and experiencing varying amounts of
health change, on an individual level.
The high proportions of misclassification found in this and many other studies illustrate
discordance between the goal of individual patient management, which the definition
suggests, and the current methodology to ascertain MIC values. The results of this study
support recommendations that MIC assessment needs further standardization.2-4,23,73 If
we are to use MIC values to interpret continuous data with the aim of individual patient
monitoring, such a value should not represent MIC for a group of patients to which that
individual belongs, but for that individual patient. Based on the results of this study it
seems that MIC values do not encompass three elements that the definition entails on an
individual patient level. The discordance of MIC categorization and patients’ satisfaction
ratings, together with the responses of patients’ willingness to alter therapy, tie in to the
concept that ‘it’s good to feel better, but it’s better to feel good’.31,61,73,74 An individual
monitoring strategy based upon PASS values would seem more viable. Misclassification
on an individual patient level is however not solely bound to the concept of MIC.
Other authors have published results with amounts of misclassification similar to this
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study when determining PASS values.31,75-77 In addition, patient satisfaction and patient
willingness to alter therapy seem to be elements in a complex multi-factorial decision
making process.17,18,63-69 A ‘one size fits all’ solution, or in other words cut-off value, does
not seem feasible given the apparent heterogeneity in patient perceptions related to
health status and the change thereof, seen in daily clinical practice.
If we strive to achieve evidence based individualized monitoring, it would seem more
opportune to register and explore the course of individual patient data and investigate
methods of standardizing individual target setting and means of updating these targets
with the passing of time. Methods that respect patients’ individuality in the perception
and importance of change, and that value change not only by an absolute amount, but
also in reference to desired levels and time to achievement of goals. Current group-based
cut points such as MIC and PASS could then serve as evidence based starting points
from which targets can be tailored to an individual patient as time passes and more
information about a specific patient’s progress, therapeutic options and personal goals
becomes available.
In conclusion, MIC values determined using current methods do not accurately reflect
three essential components for an individual patient: 1) quantification of change, 2)
valuation of that change and 3) therapeutic consequence related to experienced change.
A single MIC value determined on a group level does not seem suited for individual
patient monitoring in daily practice. The results of the present study call for new and
innovative methodology to monitor individual patients’ changes. This is ultimately of
the highest importance for physicians in daily practice, when they are confronted with
interpreting change in order to make treatment decisions with individual patients.
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Abstract
Objectives
Minimal important change in disease outcomes could be used for
making health care decisions in daily clinical practice, if between
and within patient variance is low. The objective of this study was to
evaluate the underlying assumption of negligible between and within
patient variance in Minimal Important Change (MIC) values.
Methods
A prospective cohort of patients with rheumatoid arthritis was
followed over time and the consecutively included patients were
asked to complete questionnaires allowing for the assessment of MIC
values. The relationship underlying anchor-based MIC values was
investigated between and within patients over time.
Results
In total 469 patients were included in the study. Extensive variations
in health change perception were found between patients when
compared to clinically assessed change. Furthermore, there was
substantial variation in the amount of clinically assessed change
within patients rating their health either improved, stable or
deteriorated, over multiple assessments in time.
Conclusions
Without careful validation of their anchors, MIC values should not
be regarded as generalizable between patients, nor should they be
assumed to be stable within patients over time.

86

Measuring MIC in daily practice: time to evaluate cross-sectionally and over time

Introduction
Minimal Important Change (MIC) values for disease outcome measures allow
differentiation of meaningful change from trivial change.1 Although the general concept
of MIC is to lend meaning to an outcome measure, several differentiations of MIC have
been proposed.2,3 MIC ascertainment depends on its function; for policy making, clinical
research or clinical practice.2-7 Given the importance of patient centered care and shared
decision making, studies aiming to determine a MIC value for use in daily clinical practice
are adopting the patient’s perspective. If changes in disease outcome exceed the MIC
value this could be used for health care decisions, e.g. to seek contact with a health care
provider, or to increase or reduce medication. Studies generally produce one seemingly
universal MIC value for improvement or deterioration of health for a given measurement
instrument. In addition, authors do not often explicitly mention which assumptions
underlie the chosen methodology and how ascertained values should be used in clinical
research or clinical practice. It can be questioned if a MIC value that is applicable to all
patients in daily clinical practice actually exists or that, alternatively, patient specific MIC
values should be determined.2,3,8-12 As any physician will acknowledge no patient is truly
alike. They can differ in clinical characteristics, disease course, and especially, perceptions
and beliefs concerning health. This implies that there is between patient variance in MIC
values. In addition to this, it is also possible that within patient variance in MIC values
is present. Patients confronted with alterations in their health can undergo adaptive
processes leading to scale recalibration, renewed valuation of health state domains or
reconceptualization of health.13-17 Consequently, evaluations of disease states can differ
over time, leading to a patient’s perception of health state change, where objectively
there was none or vice versa that there was objective change which the patient did not
perceive. So, there may be both between patient and within patient variance in MIC
values.

5

By presenting single MIC values for improvement and deterioration, studies applying
current MIC ascertainment methodology implicitly assume little to no between and
within patient variance. The objective of this study was to evaluate the assumption of
negligible between and within patient variance in MIC values by analyzing the relationship
between clinically assessed health change and patient perceived health change between
patients and within patients over time.

Methods
Study design & setting
This was a prospective cohort study to investigate between and within patient variance
in MIC values. Patients with Rheumatoid Arthritis (RA) were followed up for 12 months,
in which patient perceived change, observer assessed, and patient assessed disease

87

Chapter 5

outcomes were repeatedly measured in fixed intervals. Observer assessed outcomes
were assessed by trained research nurses and prospectively entered in a database. All
patients, new and existing, attending the rheumatology outpatient clinic of the Radboud
University Medical Center were asked to take part in the study. As RA is a chronic disease
with fluctuating disease activity, this study population provides a good mix of patients,
who have varying levels of disease activity and who experience a wide spectrum of
disease changes ranging from nearly full improvement to severe deterioration.

Study variables
Patient perception of change was obtained by asking the following disease specific
question: ‘‘Please mark how your arthritis is in comparison to your last visit’. The 7-point
Likert scale for this question was labeled much improved, improved, slightly improved,
unchanged, slightly worsened, worsened, much worsened. The Disease Activity Score 28
joint count based on erythrocyte sedimentation rate(DAS28), a validated and frequently
reported measure of disease activity for patients with rheumatoid arthritis, was obtained
to provide a clinical criterion with which patient assessed disease change could be
compared.18,19 If ESR values were missing, these were assumed to be missing at random
and natural logarithm transformed ESR values were imputed using a single imputation
regression technique with the addition of a random error component.20 Predictors chosen
for this regression were: age, disease duration, rheumatoid factor status, sex, square root
transformed 28 tender and swollen joint counts, natural logarithm transformed ESR and
CRP values. A 100mm visual analogue scale measuring self-perceived disease activity
(VASDA) was obtained to provide a secondary, fully patient reported comparator and was
used for calculation of DAS28.21

Statistical analyses
Analysis was performed in 3 steps: ascertainment of MIC values in DAS28 and VASDA;
assessment of between patient variance; assessment of within patient variance. To
reduce chances of recall bias, patients with a follow-up period longer than 6 months were
dropped from the analysis. Patients with missing data from the MIC questionnaire were
dropped from the analyses.

MIC ascertainment
Minimal Important Change values for improvement and for deterioration in health
status (DAS28 and VASDA) were ascertained by means of Receiver Operator Characteristic
(ROC) curve analysis. For these analyses DAS28 and VASDA scores of patients answering
to be improved or slightly improved, and worsened or slightly worsened, were
grouped into a category representing minimal change (improvement or deterioration
respectively), as these scores were not statistically different (Levene’s test for equality
of variance in DAS28 change scores pimprovement=0.09 pdeterioration=0.584, independent t-test
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pimprovement=0.894 pdeterioration=0.09) Cut-off points were determined by using the minimal
sum of misclassification method.8,22 The cutoff value resulting in the least amount of
misclassification is determined by selecting the point where the sum of the chance of
a false positive result and the chance of a false negative result is lowest, without fixing
either sensitivity or specificity a priori. This provides a reflection of MIC performance in
clinical practice, where the chances of continuing with suboptimal treatment have to be
balanced against those of starting new therapy with uncertainty of effect and risk for
serious adverse events. Non-parametric bootstrapping was performed, allowing multiple
analyses on 1000 random samples of the original study population, to optimize the
reliability of the ascertained MIC values.23 Finally, to assess the effect of declining patient
numbers over time, a post-hoc sub-group analysis was performed for patients with at
least three assessments to determine MIC.

Between patient variance
To assess the stability of between patient variance over time, and its impact on the
performance of MIC values to classify change in individual patients, the bootstrapped ROC
analyses were performed separately for each of the time points that patients provided
health change assessments. In liking to general acceptance of a 5 percent chance of a
type I error in clinical research, if the chances of falsely classifying an individual patient as
either: improved, stable or deteriorated exceeded 5 percent, then the corresponding MIC
value was deemed inappropriate for individual patient monitoring purposes.

Within patient variance
Within patient variance was assessed in patients who had multiple assessments within
the same health change category (improved, stable, deteriorated) over time. Variability
was expressed as the median of standard deviations of each patient. As an indication of
the relevance of the amount of within patient variability, the median standard deviations
were compared to the MIC values determined by ROC analysis.

5

All analyses were performed using IBM SPSS Statistics version 20.0.0.2.

Results
In total 520 patients visited the outpatient clinic from December 2010 to May 2013
and completed questionnaires to allow assessment of MIC values. Of these patients,
31(6%) with a recall period longer than 6 months were left out of the analysis and 20(4%)
were dropped due to missing MIC questionnaire data. Characteristics of the remaining
included patients are shown in Table 1.
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table 1 Patient characteristics at first assessment (n=469)
Age

59.1(13.0)†

Female

65%

RF positive

67%

Disease duration (in years)

10.3 (9.4)†

DAS28 at current visit

3.11 (1,28)†

DAS28 at previous visit

3.16 (1.24)†

Interval between visits (in months)

3.35 (1.44)†

DAS28 change since previous visit

-0.04(1.13)†

†

mean (sd)

All patients had at least one scheduled visit before the first MIC assessment. On group
level there was no change in DAS28 between the previous and the current visit, but
individual patients did change. The percentage of patients showing change in DAS28
improvement and deterioration greater than the measurement error (0.6 points) at
the first MIC assessment was 29% and 27% respectively.24 Spearman’s correlation
coefficients between patients’ global ratings of change and the change in DAS28 and
VASDA at the three assessments occurrences were: 0.41, 0.31, 0.30 and 0.42, 0.35, 0.35
respectively.

Between patient variance
Figure 1 depicts extensive overlap in DAS28 change distributions when stratified
according to self-perceived health change category (improved, stable, deteriorated). This
overlap indicates the presence of between patient variation in the relationship between
clinically assessed health change and patient-perceived health change. The result of the
between patient variance is quantified in the high chances of false positive and false
negative findings shown in Table 2.
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figure 1 DAS28 change frequency distributions stratified by self-perceived health change
category. The horizontal panels represent sequential assessment moments per patient, spaced
over 3-6 months periods.
table 2 ROC analyses to determine MIC DAS28 values at the first three assessment moments
Assessment
(MIC type)

n

AUC

MIC
value

False
positive

False
1000x bootstrap
negative MIC value
median (95% CI)

1st
(DAS28 improvement)

309

0.67

-0.47

23%

48%

-0.31 (-0.97;0.03)

1st
(DAS28 deterioration)

312

0.60

0.62

24%

56%

0.62 (0.09;1.26)

2nd
(DAS28 improvement)

192

0.64

-0.02

48%

28%

-0.21 (-1.05;0.39)

2nd
(DAS28 deterioration)

200

0.66

0.21

35%

34%

0.21 (0.07;0.61)

3rd
(DAS28 improvement)

85

0.56

-0.25

32%

52%

0.05 (-1.47;1.15)

3rd
(DAS28 deterioration)

93

0.66

0.15

39%

29%

0.25 (0.11;0.97)

5

MIC Minimal Important Change, DAS28 Disease Activity Score 28 joint count, AUC area under the curve, 95%
CI 95% confidence interval

The single sample MIC values show small variations between MIC cut points for
improvement versus MIC cut points for deterioration, as well as variation between MIC
cut points determined at the three different assessment occasions. However, the 1000x
bootstrapped 95 percentile confidence intervals shown in the outer right column, show
extensive overlap. This relates to a small chance of actual differences between MIC cut
points over time. The wide interval of plausible MIC values demonstrates lack of reliability
in the MIC ascertainment methodology. The overlap in DAS28 change distributions
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in Figure 1 and the amount of misclassification in Table 2 is similar across the different
assessment occurrences. Results are limited to the first three health change assessments
over time due to declining numbers of patients with more health change assessments
leading to less reliable estimates. Comparable results were found when using the
secondary, patient reported comparator for health change, VASDA (results presented in
the appendix Table A.1).
The results of post-hoc subgroup analyses in patients with at least three assessments to
determine MIC are shown in Table 3 (for DAS28) and Table A.2 (for VASDA).
table 3 ROC analyses of patients with at least three
Assessment
(MIC type)

n

AUC

MIC
value

False
False
1000x bootstrap
positive negative MIC value
median (95% CI)

1st
(DAS28 improvement)

90

0.80

-0.48

12%

38%

-0.48 (-0.99;0.06)

1st
(DAS28 deterioration)

82

0.52

0.62

28%

59%

0.62 (-0.92;1.64)

2nd
(DAS28 improvement)

92

0.58

-0.45

26%

51%

-0.45 (-1.66;0.02)

2nd
(DAS28 deterioration)

92

0.65

0.72

9%

60%

0.61 (-0.14;0.79)

3rd
(DAS28 improvement)

85

0.56

-0.25

33%

52%

0.04 (-1.47;1.15)

3rd
(DAS28 deterioration)

93

0.66

0.15

39%

29%

0.25 (0.12;0.97)

MIC Minimal Important Change, DAS28 Disease Activity Score 28 joint count, AUC area under the curve, 95%
CI 95% confidence interval

Though there is somewhat less variation in the point estimates for MIC over time, the
percentages of misclassification are high across assessment times and the 1000x
bootstrapped 95 percentile confidence intervals still show consistent and extensive
overlap.

Within patient variance
Within patient variance over time, observed within health change categories (improved,
stable, deteriorated), is depicted in Figure 2.
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figure 2 Standard deviation of DAS28 change values stratified by self-perceived health change
category. Each point represents the standard deviation of multiple assessments within an
individual patient.

Shown on the x-axis are 197 cases in which patients provided multiple assessments
within the same health change category. On the y-axis variation in assessments within
a patient is expressed as the standard deviation in DAS28 change scores. As a reference,
the median value of standard deviations within a health change category is depicted as
a dotted line. Variation within patients was comparable over the different self-perceived
health change categories. The median standard deviation and interquartile range of
DAS28 change scores within patients who classified themselves as either: improved, stable
or deteriorated, on multiple occasions was: 0.67 (0.21; 1.03), 0.64 (0.38; 0.95) and 0.73
(0.40; 1.25), respectively. To put these numbers into perspective, this amount of variation
is generally higher than the MIC values for improvement and deterioration determined
by ROC analysis at the first assessment occurrence; -0.47 and 0.62 respectively.

5

Discussion
The objective of this study was to investigate between and within patient variation in
MIC values. The variance of the relationship between clinically assessed health change
and patient perceived health change was analyzed between patients and within patients
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over time. The commonly used patient perceived health change anchor showed weak
correlations with the DAS28. In these data, large amounts of between and within patient
variance were present. The results suggest that a single MIC value, based on this often
used anchor, cannot accurately portray individuality in patients’ perceptions of health
change on the DAS28. Consequently, a MIC value that is applicable to all patients in daily
clinical practice presumably is not tenable unless a better suited anchor is found. The
alternative, to individualize MIC values, may not be a tenable concept either, seen the
existence of large within patient variance.
Large chances of misclassification in identifying minimal important change for individual
patients based on the MIC values for DAS28 indicate substantial between patient
variations. This means that the concept of meaningful change differs between patients
and/or that the commonly used global rating of change anchor cannot adequately
capture MIC for the DAS28. Similar results were found when using a fully patient reported
comparator for health change (appendix Table A.1), suggesting that between patient
variance cannot be solely attributed to varying levels of discordance between patients’
perspectives and those of physicians. Large overlap in clinical change scores of patients
classifying themselves as improved, stable or deteriorated is also present in many other
studies investigating MIC values for various instruments and across different chronic
diseases.25-37 This strengthens the idea that between patient variance in the concept of
minimal important change is not bound to a particular instrument, nor disease for that
matter.
Within patient variance was assessed using the variation in DAS28 change scores within
the same patient and within the same health change category (improved, stable,
deteriorated). The results show that in patients choosing the same self-perceived change
category the variation in DAS28 change scores is of the same magnitude of the ascertained
MIC values. This means that the ranges of DAS28 change scores for which patients
choose a certain change category are relatively wide. This, in turn, is an indication that
the relationship between self-perceived health change and clinically observed health
change is not stable within patients over time. Time dependency of MIC values is in line
with research in the field of response shifts, which shows that evaluations of health can
change within patients over time.15,38-43
The correlations between patients‘ global ratings of change and change in DAS28 or VASDA
were not very strong (0.30-0.42) though significant and sufficient by some standards.6,44 It
is not uncommon to find moderate correlations, especially in daily practice, where health
changes can have less contrast in comparison to clinical trials.32,37,45-47 It is questionable
if the choice of a different anchor would significantly improve the anchor-outcome
correlation, and reduce heterogeneity between and/or within patients enough to make
a single MIC value feasible in daily practice. Ward et. al. recently showed very similar
correlations between domain specific outcomes and either domain specific or global
disease focused anchors.37 What’s more, they demonstrated that the resulting MIC
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estimates from ROC curve analyses were not influenced by the choice of anchor type
due to the high agreement between the domain specific and global disease transition
questions. The criterion of a correlation higher than 0.5 has been proposed.8,48,49 We
agree that higher correlations are preferable in that this will reduce the chance of
misclassification. However, correlation values alone do not reveal the whole nature of
the anchor-outcome relationship. The interpretation of the anchor and its resulting
relationship with the outcome can be dependent on the patient. The information
provided by cross-sectional correlation measures can therefore be confounded by
clustering effects of the relationship within individual patients. A weak correlation on a
group level could be compiled of vastly differing associations on an individual patient
level, indicating a need for longitudinal multi-level assessment. Furthermore, a strong
association between anchor and outcome measure (be it on a group or individual level) is
not sufficient to validate resulting MIC values. As noted by other authors, a suitable anchor
for MIC ascertainment should not only reflect the magnitude of health change, but also
its importance to the individual patient.7,8,50-52 This is a complex, multifaceted question,
where patients are faced with trying to remember past health change, relate this to their
current health status and also make a decision concerning the balance between benefits
and harms of treatment. Several studies have shown that patients’ ratings of change
were influenced by current health status.53-56 This was also the case in our study (data not
shown) where the patient reported change assessment correlated much stronger with
current health status than it did with previous health status. In addition to this, research
in the area of response shift argues that health perception is based upon one’s personal
frame of reference, which can alter over time due to adaptation processes.13-17 This means
that not only health change or health status assessments could differ within patients
over time, but also that patients’ assessments of benefit to harms ratio of treatments are
subject to these effects. Lastly, even if response shifts do not occur within patients, MIC
values could also be influenced by changing priorities within patients over time.57

5

This study has strengths and limitations. Strength of this study was that approximately
90% of the center’s RA patient population undergoing active disease monitoring was
included in the study and that these patients reflect a typical patient population that
is seen in daily rheumatology practice. This is important, for a recent study has shown
that opportunities for patients to report counterintuitive judgments of change, vary
with different baseline values of the outcome.47 Together with floor and ceiling effects,
this impacts the MIC value and its precision. To accurately evaluate MIC methodology,
one must therefore conduct the MIC ascertainment in a similar population for which
it is to be used. Limitations of the study were that the allowance of 5 percent chance
of misclassification for individual monitoring purposes was arbitrary. However, given
the amount of misclassification found in this study, a choice for higher limit, such as 25
percent proposed by de Vet et. al.8, would not have impacted the conclusions. A second
limitation was that the majority of patients (86%) did not have more than 3 assessments
and that most patients (94%) did not express variation over the full spectrum of change
perception during the study’s follow-up period, meaning that they did not score in all
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categories of patient perceived change (improved, stable, deteriorated) throughout
the observation period. This reduces power when attempting to differentiate between
and within patient variance, making a multilevel analysis unfeasible. Lastly, a recent
study by the OMERACT Rasch working group has indicated that large ranges found in
MIC values across studies could be related to non-metric scaling issues.58 Similar to
their investigation, we cannot differentiate how much variance in MIC values for a given
instrument is attributed to differences in anchors, anchor category levels and scaling.
Despite these limitations, it does however seem evident that the relationship underlying
MIC values is more complex than its ascertainment methodology currently accounts for.
In conclusion, the assumption that there is little to no between and within patient
variance in the relationship between self-perceived health change and clinically
measured change does not always hold. Reports exposing flaws in retrospective change
assessment, the possibility of patients shifting their health related priorities over time,
and the findings of this study, indicate that measuring health change and interpreting
its meaning for patients is a complex contextual and time dependent exercise which is
very difficult to operationalize. Current anchor based MIC ascertainment methodology,
which mostly relies on singular global change ratings, does not reflect this complexity
and fails to account for it. The result of this is that the correlation of global change ratings
with other outcome measures is suboptimal and that resulting MIC values will often not
reflect meaningful change for individual patients. On a group level, i.e. when MIC values
are used in clinical studies, this implies a loss of power resulting in misclassification of
response and leading to reduced validity of study findings in this respect. On an individual
level, i.e. when MIC values are used in clinical practice to inform treatment decisions,
misclassification of change would lead to reduced patient satisfaction, non-adherence to
therapy and less efficacy of treatment. The assessment of minimal important change is
highly dependent on finding an anchor which adequately reflects change that is relevant
to patients and shows good association with the outcome measure. Minimal Important
Change values should not be regarded as generalizable between patients, nor should
they be assumed to be stable within patients over time, if the anchor used to obtain the
MIC values has not been critically assessed for this purpose. Without proper validation,
single MIC values for either improvement or deterioration in health should not be used
to interpret change for individual patients seen in daily practice. In the absence of a
validated anchor to determine MIC, physicians and researchers would be more informed
by asking patients their views and experiences concerning their health individually and at
moments in time relevant to decision making.
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Appendix
table a.1 ROC analyses to determine MIC VASDA values at first three assessment moments
Assessment
(MIC type)

n

AUC

MIC False
False
1000x bootstrap
value positive negative MIC value
median (95% CI)

1st
(VASDA improvement)

267 0.58

-12.5 21%

59%

-12.5 (-32.5;-7.5)

1st
(VASDA deterioration)

275 0.68

12.5

19%

51%

12.5 (-2.5;12.5)

2nd
(VASDA improvement)

185 0.66

-2.5

39%

35%

-2.5 (-22.5;-2.5)

2nd
(VASDA deterioration)

193 0.68

2.5

33%

31%

2.5 (2.5;7.5)

3rd
(VASDA improvement)

84

0.61

-7.5

24%

61%

-2.5 (-42.5;17.5)

3rd
(VASDA deterioration)

92

0.70

7.5

28%

39%

7.5 (2.5;37.5)

MIC Minimal Important Change, VASDA Visual Analogue Scale Disease Activity, AUC area under the curve,
95% CI 95% confidence interval

table a.2 ROC analyses of patients with at least three assessments to determine MIC VASDA
values at first three assessment moments
Assessment
(MIC type)

n

AUC

MIC False
False
1000x bootstrap
value positive negative MIC value
median (95% CI)

1st
(VASDA improvement)

79

0.64

-12.5 18%

57%

-12.5 (-17.5;27.5)

1
(VASDA deterioration)

73

0.62

7.5

25%

55%

7.5 (-22.5;37.5)

2nd
(VASDA improvement)

90

0.64

-2.5

44%

34%

-2.5 (-27.5;7.5)

2nd
(VASDA deterioration)

89

0.69

7.5

18%

47%

7.5 (-7.4;7.5)

3rd
(VASDA improvement)

84

0.61

-7.5

24%

61%

-2.5 (-27.5;17.5)

3rd
(VASDA deterioration)

92

0.70

7.5

28%

39%

7.5 (2.5;35)

st

5

MIC Minimal Important Change, VASDA Visual Analogue Scale Disease Activity, AUC area under the curve,
95% CI 95% confidence interval
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Abstract
Objectives
The objective of this proof of concept study was to evaluate alerts
generated by a Patient Reported Outcome Measure (PROM)-based
algorithm for monitoring patients with Rheumatoid Arthritis (RA).
Methods
The algorithm was constructed using an example PROM-score of an
equally weighted mean of VAS general health, VAS disease activity
and VAS pain. Based on the PROM-score, red flags are generated in
two instances:
1 the target level of disease activity is not met
2 change in disease activity surpasses an early alert threshold
To reduce false alarms, three consecutive red flags are needed to
trigger an alert to the physician.
Time series data from patients included consecutively in the
practice-based Nijmegen Early RA cohort were analyzed to select an
appropriate Auto-Regressive Integrated Moving Average (ARIMA)
model. This allowed for advanced interpolation of PROM-scores
and weekly data evaluation. Alerts were evaluated against DMARD/
Biologic medication intensification registered in the cohort.
Results
Data of 165 patients followed in their second year post diagnosis
were analyzed. In 89.8% of 716 visits, the algorithm did not generate
an alert and medication was not escalated. Positive predictive value,
sensitivity and specificity were: 24.6%, 55.6%, 69.7%, respectively.
Comparable performance was found when analyses were stratified
for baseline DAS28 level.
Conclusions
When using the algorithm to screen scheduled visits, the overall
chance of missing patients in need of medication intensification
is low. These findings provide evidence that an off-site monitoring
system could aid in optimizing the number and timing of face-to-face
consultations of patients with their rheumatologists.

104

Monitoring RA using an algorithm based on PROMs

Introduction
Several Patient Reported Outcome Measure (PROM)-based instruments exist to
assess disease activity in Rheumatoid Arthritis (RA).1-7 To date these instruments have
predominantly been used for research purposes, though an evidence base for their use
in monitoring strategies in daily practice is lacking. This is unfortunate, for PROM-based
instruments offer the unique potential to get patients more involved in their disease
management, whilst producing valuable data on the disease course from the patient’s
perspective. A secondary benefit is that PROM-based instruments are location and time
independent, offering the possibility for flexible, patient-tailored off-site monitoring and
management. A possible explanation why PROMs are not often utilized could be related
to reports that show differing disease perceptions between patients and physicians.8-10
This means that the translation of PROM-based scores, and the changes thereof, into
treatment targets and monitoring guidelines is far from straightforward. The question
that arises is how patient reported data on disease activity in RA should be interpreted
and how well this corresponds to clinical medication decisions. The objective of this study
was to evaluate alerts generated by a PROM-based algorithm for monitoring patients
with RA.

Methods
Study design and setting
This study was a simulation study based on retrospective cohort data. Data from patients
with a complete second year follow-up after diagnosis, included consecutively in the
Nijmegen Early RA cohort between 2003 and 2011, were used. This study population was
chosen as a proof of concept. It represents patients beyond the initial intensive phase
of treatment, though where disease activity might still fluctuate, indicating the need for
adequate monitoring.

PROM-based algorithm

6

Based on discussions with experts in the field of rheumatology (see acknowledgements)
and meetings with patient partners attending Disease Activity Score 28 joint count
(DAS28) training sessions at the Radboud University Medical Center, the idea of an off-site
monitoring strategy based on PROM-scores was formulated. As an example of a PROMscore of RA disease activity, an equally weighted mean of: VAS general health, VAS
disease activity and VAS pain, was used. These component scores were chosen as they
are often collected as core set measures and would be likely to be responsive to weekly
variations in disease activity. Monitoring of the score is focused on two components:
1 the target level of disease activity
2 change in disease activity (current level versus best moving average of 3 past visits)
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To allow for empowerment of patients in the monitoring of their disease, preliminary
targets (which can be optionally tailored to the individual patient) are based on clinimetric
measures which include the patient perspective. Patient Acceptable Symptom State
(PASS) is used for the upper level of disease activity. To prevent favorable scores gradually
returning to higher levels, an early alert threshold for change in disease activity is based
on a Minimal Important Change value. Default values for PASS and MIC are derived
from an OMERACT consensus meeting and are set at 40mm and 20mm, respectively.11
A downside to MIC or PASS cut-off values is that misclassification could arise when
monitoring is only based on either MIC or PASS.12-15 For example, a patient might have
a positive perception of the achieved disease course trajectory (MIC), however might
not have achieved the desired health state (PASS). When solely focussing on either
MIC or PASS, this can lead to misinterpretation of the PROM-score and the views of the
respective patient. Therefore, the algorithm monitors the PROM-score on both MIC and
PASS targets and if either one is not met, red flags are generated (see Figure 1).

figure 1 Preliminary PROM-based algorithm

To allow for timely detection of high disease activity in need of consultation a weekly
measurement frequency was proposed. PROM based scores can however fluctuate
considerably from week to week.16 To reduce the chance of many false alarms, three
consecutive red flags are needed to trigger an alert to the physician, indicating the need
for further consultation. After 3 red flags and an alert is generated, the three span best
moving average resets and the algorithm recalibrates over a 4 week period, to allow for
any therapy alterations to take effect before new red flags are generated.
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Generation of weekly data based on existing data
As mostly only monthly and 3-monthly data was available in our registry, weekly data
needed for the evaluation of the algorithm had to be simulated. This was done by an
advanced form of interpolation. First, fluctuations of PROM-scores of 29 patients who
were stable on synthetic Disease Modifying Anti-Rheumatic Drugs (sDMARD) and/or
biologic DMARDs (bDMARD) with at least 10 assessments were inspected using time
series analysis to select an appropriate forecasting model. These patients were not
included in the algorithm evaluation. Based on the time series analysis an Autoregressive
Integrated Moving Average (ARIMA 1,0,0) with heterogeneous variances and random
intercept was fitted to the data.17 A correlation of 0.5 between monthly scores was found,
with a standard deviation between 11 and 13.5 around the mean PROM-score at each
time point characterizing residual variance. Next weekly data was simulated by first
interpolating weekly data between registered data minus random error based on the
residual variance seen in stable patients and then adding random error to the interpolated
scores. Supplementary information on the ARIMA model selection and data simulation
can be found in Appendix I.

Statistical evaluation of the algorithm
Alerts were evaluated against sDMARD or bDMARD medication intensification within
one month of the outpatient visit, as an external standard. Intensification was defined
as an increase in dose/frequency or start of new drug. Performance of the algorithm
was analyzed by cross-tabulating alerts generated by the algorithm against the external
standard and inspecting positive predictive values (PPVs) and negative predictive values
(NPVs). Analyses were also stratified according to DAS28 level at 12 months. All analyses
were performed using IBM SPSS Statistics version 20.0.0.2.

Results
Data of 165 patients with RA visiting the outpatient clinic 716 times were available for
analysis, most patients (90.3%) had between 4 and 6 visits in the 12 months of follow-up
in the second year post diagnosis. These patients represent a sample of a population that
is seen in daily clinical practice (Table 1). Most patients were female, rheumatoid factor
positive and had short disease duration at the moment of diagnosis. Disease activity was
low (DAS28<3.2) for 55% of the patients, and most patients used Methotrexate. Of the 716
visits, a total of 108 medication intensifications took place within one month of the visit:
31 dose increases and 77 starts of new medications. Consequently, the a priori chance of
medication intensifications was 15.1%.
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table 1 Patient characteristics at first visit during second year follow-up post diagnosis
Number of patients

165

Age

57.3 (13.7)*

Female

59 %

Rheumatoid factor positive

60 %

Disease duration in months

12.5 (11.8-13.2)**

DAS28

3.0 (1.1)*

PROM-score

32 (24)*

Receiving DMARD

78 % (Methotrexate)***

Receiving Biologic

13 % (Adalimumab)***

DAS28: Disease Activity Score 28 joint count, PROM-score: Patient Reported Outcome Measure score consisting
of an equally weighted mean of Visual Analogue Scales for General Health, Pain and Disease Activity
* mean (standard deviation)
** median (interquartile range)
***
most prevalent agent

The association of DAS28 categories with the example PROM-score is illustrated in
Figure 1. Validity of the PROM-score and the 40 point threshold used in the algorithm is
substantiated as most patients below the threshold are categorized in low or remission
DAS28 categories. Figure 2 shows an example how these simulated PROM-scores result in
fluctuations that more closely resemble fluctuations that are seen in practice than based
on standard linear interpolation of registered PROM-scores.

figure 2 Boxplots of PROM-scores by DAS28 categories
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figure 3 Results of advanced interpolation based on time series analysis versus standard linear
interpolation for 5 randomly drawn patients

An overview of the algorithm performance is shown in Table 2. The Negative Predictive
Values (NPVs) represent the proportion of visits without medication intensification
in all cases that the algorithm indeed did not generate an alert, which was 424/472
(89.8%). In 18/48 (37.5%) of the cases that there was a false negative result this was due
to intensification of the current drug and 11/18 (61.1%) of these intensifications were
small increases in Methotrexate doses (2.5-5 mg). The Positive Predictive Values (PPVs)
represent the proportion of visits with medication intensification in all cases that the
algorithm also generated an alert. This was the case in 24.6% of all visits, which is an
improvement over the a priori chance of 15.1%.
table 2 PROM-based algorithm performance

Total

Visits PPV

NPV

Sens

Spec

A priori chance of
intensification

716

89.8

55.6

69.7

15.1

24.6

6

Stratified according to DAS2812 months *
DAS28 <2.6

287

16.1

93.8

41.7

80.2

8.0

DAS28 <=3.2 &>=2.6

105

33.3

92.0

62.5

77.5

15.2

DAS28 <5.1 & >3.2

287

25.8

83.2

52.5

61.0

20.6

DAS28 >=5.1

35

28.1

100

100

11.5

25.7

PPV: Positive Predictive Value, NPV: Negative Predictive Value, Sens: Sensitivity, Spec: Specificity
* for 2 visits the baseline DAS28 value was not available, both visits did not generate an alert and medication
was not intensified
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The performance, stratified according to DAS28 level at baseline (12 months post diagnosis
in this analysis), showed very similar results when compared to overall performance
(Table 2). As is to be expected, the a priori chance of medication intensification and PPVs
increase with higher DAS28 levels.

Discussion
The objective of this study was to evaluate alerts generated by a PROM-based algorithm
for monitoring patients with RA, against intensifications of anti-rheumatic medications.
The PPVs, though low, were an improvement over the a priori chance of medication
intensification. In case an alert is raised, the overall chance of medication intensification
was 24.6% instead of 15.1%. The NPV of 89.8% indicates that the algorithm performed
very well at indicating which patients were not in need of medication intensification and
this was an improvement over the a priori chance of 84.9% not intensifying medication.
In total this means that knowing the result of the algorithm improves the a priori
knowledge with 14.4% (9.5%+4.9%). If the algorithm is used in daily practice to screen
scheduled visits, this could mean a possible reduction of visits with a relatively small
overall chance of missing patients in need of medication intensification. The sensitivity
and specificity values were 55.6% and 69.7%. Though these values might seem low from
a diagnostic perspective, they are quite promising for a low cost, low effort screening
tool. One must also not forget that due to a low prevalence of medication intensification,
the absolute number of visits with medication intensification missed by the algorithm is
small (48), and relative to the total number of visits (716) this amounts to a low overall
chance of missing these patients (48/716=6.7%). Moreover, the value of using PROMs
for monitoring extends beyond improving diagnostic performance of fixed monitoring
strategies. By actively engaging patients in relating their symptoms to a disease activity
score they are better informed on the concept of disease activity. Patients can then
become more empowered to make informed shared decisions with their physicians.
Vice versa, rheumatologists become more informed about their patients’ experiences of
their disease in between visits. A patient’s experience might not always correlate with
clinical measures of disease activity, as PROMs can be influenced by irreversible damage.
However, knowing how patients perceive their disease is valuable as this will form the
basis upon which patients will judge their disease course and make decisions with regards
to treatment.
The findings of this study provide a first proof of concept that an off-site monitoring
system could aid in optimizing the number and timing of face-to-face consultations of
patients with their rheumatologists. An alternative analysis where a single red flag would
trigger an alert resulted in a lower PPV (22.4%), due to higher false positive percentage.
The monitoring performance of the proposed algorithm might be further enhanced
if it is tailored to the patient as time passes and more information about each patient
is collected. Based on individual patient characteristics, e.g. ACPA status, the patients’
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individual goals and/or sensitivity to detect changes in their disease course, the number
of red flags needed to trigger an alert, the target level and/or early alert threshold could
be adjusted to best suit the patient.18
As this study is a first proof of concept, it is not without limitations. First, we chose to
demonstrate the algorithm with an example PROM-score based on VAS general health,
VAS disease activity and VAS pain. Some studies have reported interchangeability of VAS
general health and VAS disease activity for calculation of the DAS28.19,20 This does not
automatically mean that they measure the same health aspect, because the VAS scores
are heavily down weighted in the DAS formulae and correlations between the actual VAS
scores are often only moderate.19-21 In our study population the correlations between the
three component VAS scores ranged 0.81, 0.82 and 0.86 and differed more than 10 points
for approximately 25% of individual patients. A second limitation, due to the retrospective
study design, was the lack of weekly data to evaluate the algorithm. To overcome this, we
used an advanced form of interpolation based on time series analysis to make the best
use of existing data. The resulting individual patient data (sample of 5 patients shown in
Figure 2) showed weekly fluctuations following long-term linear trends. These patterns
correspond quite well to those that have been reported by Blanchais et. al., who have
presented data of 26 patients that were followed on a weekly basis.16 Similar to their
study, where RAPID3 scores within patients varied up to three points (out of ten) from one
week to the next, our weekly generated PROM-scores varied up to 24 points (out of 100).
A third limitation of this study was that it only focussed on medication intensification as
an outcome to measure performance. There are of course other reasons, such as adverse
drug effects, that would call for a consultation with a physician. This brings to light an
important consideration when trying to utilize monitoring algorithms; these cannot, and
should never, completely replace common sense or clinical reasoning. In cases such as
adverse drug effects, a patient should contact their physician in the same manner as they
would do in standard daily practice.
Further investigation into the optimal PROM-score, measurement frequency and
algorithm parameter values to be used for off-site monitoring seems warranted given
the many potential benefits and the positive results of this proof of concept study. The
value of a PROM-based algorithm lies in systematically collecting individual patient
data, utilizing it with the best knowledge for current practice and further inspecting it
to optimize future practice. Making more use of PROMs for monitoring in daily practice
could lead to effective and efficient strategies, in which care is centred on the patient,
who is empowered to manage the disease and make informed, shared decisions with
their physicians.
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Summary and General discussion

Rheumatoid arthritis is a chronic inflammatory disease for which there is currently no
cure.1-3 Tight control of the disease through close monitoring and treating the disease
according to standardized treatment targets has proven beneficial to many patients.4-9
Over the past decades many effective drugs have become available, providing patients and
rheumatologists with a choice of treatment options varying in routes of administration,
dosing frequency, (side-effects) profiles and costs.10,11 This opens up possibilities to tailor
the management of this chronic disease to the individual characteristics and needs of
each patient, so as to arrive at an optimal treatment strategy for a given individual, at a
given time.

Modern rheumatoid arthritis management
Traditionally medicine has adopted a paternalistic disease management approach, where
specialists determine the best therapeutic option for the patient. In recent years a shift
is occurring to a more collaborative approach, where patients are increasingly seen as
an important member of a multidisciplinary team, with whom shared, well informed,
decisions are made concerning the disease management.12-14 This has been reflected in
international recommendations for treating RA to target and recommendations for the
management of RA, where shared decision making has become the most prominent
overarching principle.11,15-17 Tailoring treatment to individuals and embracing the patient
as a partner is reflected in two recommendations of an international task force: #5 ‘The
choice of the (composite) measure of disease activity and the target value should be influenced
by comorbidities, patient factors, and drug-related risks’ and #10 ‘The rheumatologist should
involve the patient in setting the treatment target and the strategy to reach this target’.18
Personalization of treatment is also prominently stated in the second overarching
principle of the European League Against Rheumatism (EULAR) recommendations for the
management of RA: ‘Treatment decisions are based on disease activity, safety issues and other
patient factors…’.11 Explorations of personalized treatment through the use of biomarkers
has shown promise, though still lacks direct comparative research to demonstrate added
value and replication of evidence to provide external validity.19 A complimentary route
to personalize treatment can be to focus on tailoring to the patient’s views and needs
concerning their disease and management thereof. Patient reported outcomes (PROs)
and patient reported outcome measures (PROMs) to capture PROs have hence become
more important, not only for the assessment of effects in clinical trials from the patient’s
perspective, but also for management of disease in daily clinical practice.
The shift in disease management paradigm and resulting use of PROMs/PROs raises
many questions, such as:
– Do patients’ perceptions of disease affect treatment decisions and in what manner?
– Which PROMs are currently available that could aid in disease management and what
are their clinimetric properties?
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– How should we interpret scores on PROMs?
– How can we integrate information from patients into daily clinical practice?
The objectives of this thesis were therefore to investigate the influence of patients’
perceptions of disease on medication decisions and to study how self-reported
information from patients with RA can be interpreted and integrated in the monitoring
and treatment of their disease. The main conclusions of this thesis will first be summarized
and subsequently discussed in more detail below. Directions for future research will be
provided in closure of this chapter.
Chapter 2 focused on the investigation of the effects of patients’ perceptions of disease
on intensification of drug therapy seen in daily practice. Patients’ willingness to escalate
therapy was strongly associated with patients’ satisfaction with their health state,
perceived change and expected change. In turn, patients’ willingness to alter therapy was
strongly associated with actual intensification of therapy in daily practice, independent
of clinical parameters. The effect of patients’ satisfaction with their health state on
medication intensification, was mediated through patients’ willingness to alter therapy.
Chapter 3 reports the results of a systematic literature review of PROMs to assess
disease activity in rheumatoid arthritis. The quality and extent of clinimetric validation
available for PROMs varied amongst reports. It is clear that to date the most effort has
gone into the measurement properties covering aspects of validity (hypothesis testing,
criterion validity, responsiveness). The measurement properties least reported and in
need of more evidence were: reliability, measurement error, cross-cultural validity and
interpretability of measures. In general, the Pt-DAS, RADAI, RADAI-5 and RAPID3 had the
strongest and most extensive validation.
Chapter 4 & 5 evaluated methodology to attain Minimal Important Change (MIC)
values with the aim of using these values for individual patient monitoring. In chapter 4,
substantial misclassification was found to be present in quantification of change. High
proportions of discordance between change categories defined by MIC cutoff values
(improved/unchanged/deteriorated) and patients’ valuations of change and willingness to
alter therapy was also shown. Chapter 5 showed that misclassification in the quantification
of change, between and within patients, remained present over time. These issues indicate
that MIC values as such are not suited for individual patient monitoring in daily practice.
Chapter 6 evaluated the performance of a preliminary PROM-based algorithm to aid
monitoring patients with RA. Positive and Negative Predictive Values (PPVs & NPVs) for
medication intensification improved with the use of a PROM-based algorithm. If such
an algorithm is used to screen scheduled visits, the overall chance of missing patients in
need of medication intensification is low. These findings provide preliminary evidence
that an off-site monitoring system could aid in optimizing the number and timing of faceto-face consultations of patients with their rheumatologists.
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Patient perceptions
Many studies have investigated discordance between patient perceived health and
assessments by physicians.20-26 A systematic review and meta-analysis by Desthieux et.
al. showed that even with a stringent definition of discordance of three points or more
on a ten point global health scale, up to half of patients was found to be discordant.27
This demonstrates that patients’ perceptions of their disease frequently differ from
that of their physicians. What’s more, a multinational study by Strand et. al. reports that
many patients with RA feel unable to communicate their disease burden and treatment
goals, which are critically important to them, to their health care provider.28 The report
also mentions that: ‘setting personal, social, and treatment goals, as well as monitoring
disease progress to achieve these, was considered very beneficial by patients with RA,
but discussion of treatment goals seldom appeared to be a part of medical appointments’.
So we know discordance in health perception is prevalent and that patients find it
difficult to convey their disease burden and personal treatment goals to their health care
providers, but do we also see effects of this in clinical practice? A first indication comes
from four studies reporting on T2T strategies stating that patient related factors were
a reason for deviating from the set strategy.29-32 Moreover, a recent study by Yun et al.
inspecting data from the Rheumatology Informatics System for Effectiveness Registry
(RISE) of the American College of Rheumatology reports that as much as one to two thirds
of patients failed to modify RA treatment, even when they were experiencing moderate/
high disease activity.33 Secondly, a report by Betegnie et. al. provides an indication that
discordance in perceptions of health and failure to address this together with personal
treatment goals can impact adherence behavior. The most prevalent reason of selfdiscontinuation of biologic therapy reported by the study population of patients with
chronic inflammatory rheumatic diseases was; ‘I felt better’.34 In addition, self-reported
pain, negative beliefs about treatment and lack of perceived medical and social support
were amongst predictive factors of self-discontinuation. Thirdly, results from the NORDMARD study shows that discordance between patient and physician also impacts the
likelihood of disease outcome with discordance being a consistent negative predictor of
remission over various remission criteria.35
Having indications present that patient perceptions of their disease impact medication
decisions, research has focused on trying to entangle a complex decision making process
which patients undergo when opting for a certain treatment. Studies by Leeb et. al., Wolfe
et. al. and Takahasi et. al. have shown that patients who are satisfied with their achieved
health are more likely to have a negative attitude towards intensifying therapy, even if
their disease activity is moderate to high according to clinical indices.36-38 Dougados et. al.
have shown that the proportion of DMARD intensification in patients with a DAS28>3.2
and who rate their symptom state acceptable is less than half of that of patients who rate
their symptom state as unacceptable.39 Fraenkel et al. found that escalation rates were
limited when high disease activity scores were not accompanied by high physical and/
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or emotional impact of disease perceived by patients.40 Chapter 2 sheds new light on the
role of patient perceptions in medication decisions. We found that patients’ evaluation
of their health state and changes therein influence their self-reported willingness to alter
therapy. This is in turn strongly associated with medication intensification registered
in daily practice. This provides empiric evidence for the missing link that self-reported
therapeutic attitude also corresponds to actual treatment decisions in practice. Though
the model used to study the complex nature of medication decisions was by no means
comprehensive, the results suggest that it would be beneficial to systematically capture
more information in daily clinical practice concerning patients’ perceptions of their
disease, treatment goals and their willingness to alter therapy. This is information that
patients find important, though have difficulty conveying in medical appointments, and
which could provide health care providers valuable insights for better tailoring treatment
to their patients’ needs and improving medication adherence.13,28,41

Measures to monitor Rheumatoid Arthritis
With over 30 years of patient reported outcome measure research in rheumatology,
many measures to monitor rheumatoid arthritis have been developed.42-48 The HAQ,
RADAI and RAPID are well-known examples of PROMs for RA that are used in trials as
well as in practice.45,46,49 More recently other patient reported measures reflecting their
‘physician based’ counterparts, such as the patient-DAS or patient-SDAI, have also
been developed.50-54 In chapter 3 we described a systematic review of PROMs aimed at
capturing disease activity. From our search strategy it can be derived that the taxonomy
used to describe these types of studies is very diverse. This impedes the dissemination
and aggregation results of these studies, making it difficult (to nearly impossible) for
clinicians to have a good overview of available PROMs. We therefore applaud the efforts
by the COSMIN group to standardize taxonomy and methodology to evaluate clinimetric
properties of PROMs and encourage initiatives such as the open source EULAR outcomes
measurement library (http://oml.eular.org) which provide easily accessible overviews of
current evidence.55
When looking at the clinimetric domains covered in the evaluations of PROMs it is
clear that most efforts have gone into verifying aspects of validity. Though validity
of an instrument is of course important, other clinimetric aspects, such as reliability,
measurement error, cross-cultural validity and interpretability should not be overlooked.
In addition to these characteristics, feasibility features such as multilingual availability,
time needed to complete, and data collection modes can be of importance for the
recommendation of a PROM for a specific use case. If we want to use PROMs for
monitoring, then correctly interpreting scores is of crucial importance. Different metrics
to aid interpreting PROM scores have been proposed. Patient Acceptable Symptom State
(PASS) focusses on interpreting a disease state from the patient’s perspective. Another,
more commonly assessed metric, the Minimal Important Change (MIC), focusses on
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identifying what amount of change on PROM scores are of relevance to patients. With
information on interpretability of PROMs generally lacking, and with research on
interpretability metrics being relatively new, we set out to further investigate the current
methodology in chapters 4 and 5.

Interpreting Change on PROMs
Patient reported outcome measures can offer insights into disease or a disease course
from the patient’s perspective, though to make use of these insights it is of importance
to interpret patient reported outcomes correctly. When monitoring PROs over time, it
is important to know if any change identified could be due to chance, i.e. measurement
error, or that change can be seen as a ‘true’ change in the patient’s outcome. If a ‘true’
change has been found, the next question is what meaning this change has for the
patient. To lend meaning to PROs the concept of Minimal Important Change (MIC) has
been proposed, for which there are various methods to determine the MIC value(s).56,57
In chapter 4 we showed that MIC values derived with the anchor-based method did not
accurately reflect three essential components for an individual patient: 1) quantification
of change, 2) valuation of that change and 3) therapeutic consequence related to
experienced change. A further investigation of MIC values over time, described in chapter
5, demonstrated that without careful validation of their anchors, MIC values should not
be regarded as generalizable between patients, nor should they be assumed to be stable
within patients over time. These studies bring into question the usefulness of MIC values
for monitoring individual patients in daily practice.
Whilst evaluating MIC ascertainment methodology three aspects came to light
warranting further discussion. First, MIC estimates can serve differing purposes. For
example, a MIC value can be determined to distinguish between groups of patients having
a meaningful response to treatment and those that did not, or to distinguish a meaningful
response to treatment within a patient over time. These differing aims also warrant
different validation and reporting strategies. Where a single MIC value might be sufficient
to provide a general indication of minimal important change for a given population when
comparing treatments for policy makers, a single MIC value might not be sufficient for a
physician to assess change in an individual patient’s PRO. The studies determining MIC
values cited in chapters 4 and 5 mostly did not disclose for which specific aim the MIC
values were being determined which could lead to misuse of the reported MIC values.
Second, in anchor based methods, a rule of thumb is that the correlation of the anchor with
the outcome of interest should be at least +/-0.5 to give construct validity to a resulting
MIC estimate.58,59 In the studies sited in chapters 4 and 5, the reported correlation
coefficients estimates were based on single estimates for the whole study population.
These estimates can be confounded due to multilevel effects; either clustering of data
within specific patient groups and/or clustering of data within patients over time. When
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attempting to ascertain a MIC value for use in monitoring specific groups of patients, or
individuals, multilevel models should therefore be used to obtain a valid estimate of the
association between anchor and outcome.
Third, MIC is mostly viewed as an important characteristic of the interpretability of an
instrument.58,60,61 In our deconstruction of Jaeschke’s MIC definition and our evaluation
of current MIC methodology, we argue that this is not the case.62 All three components
of MIC; quantification of change, valuation of change and therapeutic consequence
with potential benefits and harms, are in our views not inherent characteristics of
an instrument, though are dependent on patients’ frames of reference and the timedependent context in which patients must judge change and weigh treatment decisions.
Bruce et al. have reported on the lack of linkage between MIC values and therapeutic
consequence in current ascertainment methods.63-65 They propose a new term, namely,
sufficient important difference (SID), linking assessment of change to therapeutic
consequence using a utility-based method called “benefit harm tradeoff”. Though this
new term highlights a flaw in current MIC ascertainment methodology, it does not
represent a fundamentally different concept to MIC and only makes the already diverse
taxonomy being used more ambiguous. Moreover, SID does not solve issues related to
contextual changes influencing patients over time. Changes in health or social support
could impact patients frames of reference, possibly leading to response shifts, which
alter assessments of change and/or the valuation thereof in relation to therapeutic
decisions.66-72 In addition, Treadwell and Lenert have proposed the application of prospect
theory to health values.73 In this utility concept health losses are weighed more heavily
than gains leading to asymmetrical valuation curves. Shifts in health states would lead
to shifts in the reference points of these curves, making the valuation of a fixed amount
of health change dependent on a patient’s current health status and thereby not a fixed
characteristic of a measurement instrument.
Based on our evaluation of MIC methodology we can conclude that the use of currently
reported MIC values with the aim of monitoring change in individual patients is far
from straightforward and in need of further research. For current healthcare and the
near future there is still a need to interpret patients’ PROs and incorporate these into
treatment decision support. In chapter 6 we therefore explored a means of integrating
PROs and measurements by healthcare professionals, whilst making use of currently
available PRO interpretation concepts such as MIC and patient acceptable symptom
state (PASS).

Integrating PROs and outcomes measured by healthcare
professionals
As we have discussed above, many PROMs have been developed in rheumatology to
capture patients’ perspectives on their disease. The scores on these PROMs (i.e. PROs)
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have been reported to be discordant to those of health practitioners and can be difficult
to evaluate in terms of change.74,75 The challenge that we are faced with is how to
transform the data of the PROs into knowledge that can be helpful in the management
of patients’ disease. Although this is a complex and demanding task, in chapter 6 we
described a first proof of concept study of a PROM-based algorithm for monitoring
patients with RA. Though far from optimal, we showed that a rudimentary PROM-score,
based on core set PROMs, can provide predictive benefit to physicians as a screening
tool, which could be implemented in a web/mobile-based / off-site manner. The recent
outbreak of Covid-19 and the resulting need for social distancing has demonstrated the
importance of developing such tools to support telemedicine, even in areas with good
access to medical care.76
Remote monitoring tools have shown positive outcomes in quality of care for various
chronic relapse-remitting conditions, such as congestive heart disease, chronic
obstructive pulmonary disease, diabetes and hypertension.77-82 In a large pragmatic,
randomized, multicenter trial, a telemedicine system registering disease activity in
patients with inflammatory bowel disease (myIBDcoach) demonstrated that this type
of monitoring can reduce outpatient visits and hospital admissions in comparison
to standard care.83 Moreover, the system was shown to be cost-saving and had a high
probability of being cost-effective with the cost reduction not showing a reduction in
quality adjusted life years.84 Within rheumatology, a systematic review has identified
different platforms that have been developed to capture and visualize various patient
reported disease activity measures for rheumatoid arthritis.85 Visualizing disease
trajectories from both the patient perspective as from that of health care professionals
could help guide discussions concerning treatment options. Double blind, randomized
studies by El Miedany et al. have indicated that visual feedback through the use of these
type of platforms can positively affect adherence to treatment, with lower rates of
stopping medication due to intolerance and with significantly lower numbers of visits
and procedures in the clinic.86,87 Viewing previous PROMs records aided patients in
understanding the effect of treatment on disease activity, helped medication adherence,
improved trust in the treating doctor, lowered concerns about the future and helped with
coping with daily life and the disease.
A recent report of the Remote Monitoring of Rheumatoid Arthritis (REMORA) study
also showed that remote monitoring systems can help render patients’ RA more visible,
identifying real-time changes in disease activity and capturing symptoms that would
otherwise be missed.88 Ultimately these facets help enable a more patient-centered
consultation and could aid implementing shared decision making. This is important as
recent reports show that shared decision making in daily rheumatology practice is not
yet optimal and that time and complexity are noted as barriers for implementation.12,13,89
Important components of complexity in implementing shared decision making are:
patients not evaluating disease activity concordantly with their physicians, current clinical
targets do not fully aligning with patients’ personal goals and preferences, and decision-
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making drivers being ranked differently by patients compared to rheumatologists.13,75,90,91
By visualizing clinical and patient information about disease progress and status,
(potentially differing) perspectives on the disease can be discussed and this can form the
basis for a recently proposed dual-target strategy where both clinical targets and personal
goals drive the disease management plan.92 By making active use of PROMs for patient
disease management, patients and health care providers will be better (pre)informed for
shared decision making, and will provide clinical researchers with much needed data to
further optimize algorithms and improve their performance.

Future directions and recommendations
As noted in the recently reinforced primary EULAR overarching principle for RA
management recommendation that: “The treatment of patients with RA should aim
at the best care and must be based on a shared decision between the patient and the
rheumatologist’, it is important to base management of disease on a shared basis
between a care provider and patient.11 In order to make informed decisions, both parties
need information that lead to a mutual understanding of knowledge and experience.
Historically, and indeed again conveyed in the recently recommended research agenda,
there has been an important focus on achievement of clinical knowledge and experience.
However, attention to gaining knowledge from patients’ perspectives and experience
should not be forgotten. This thesis has attempted to expand knowledge on this subject
by studying what influence PROs can have on medication decisions, and how we can:
capture, interpret and integrate patients’ views and experiences with their disease in RA
management. We recognize that this represents a limited body of work in relation to the
vastness, complexity and importance of this research topic. This leads us to recommend
two areas of research for which we would advocate further investigation.
Firstly, to gain better insight into patients’ experienced disease over time, there is a
need to recommend a PROM that reflects a similar construct of disease activity as that
is used in clinical practice. This could then serve as an instrument to align clinical and
patients’ perspectives in regard to disease activity as the primary target for treatment. In
order to choose a suited PROM more extensive clinimetric validation, also covering less
researched aspects as cross-cultural validation and interpretation of PROMs is needed.
Whilst evaluating the reports identified by our literature search strategy, we noticed a
remarkable finding: where rheumatologists and research nurses are trained in performing
formal joint counts, most PROMs of disease activity provided only limited instructions
or training. It would therefore also be of interest to see if measurement properties of
PROMs could be improved by providing more comprehensive instructions and training
to patients.
Secondly, in aging societies where chronic diseases are becoming more prevalent, medical
capabilities are growing, though resources are becoming increasingly pressured, there
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is a need to create efficient and effective disease management strategies. As presented
in a proof of concept form in chapter 6, utilizing data capture from both patients and
care providers could lead to a more flexible and tailored disease management approach.
It would be of interest to learn if collaborative (artificial) intelligence, making use of
reinforcement learning techniques, could aid in transforming the data captured by care
providers, as well as patients, into knowledge that forms that basis for shared decisions
allowing tailoring of disease management to individual patients’ needs.
In conclusion with this thesis we have shown both complexities, though also opportunities
that can accompany the use of PROMs and PROs. Systematically capturing and sharing
information in a Findable, Accessible, Interoperable and Reusable (FAIR) manner from
diverse sources, such as: the health care professional, PROMs, clinical measures, or
(wearable) medical devices, could lead to a triple-win outcome benefitting RA disease
management. First and foremost, patients could benefit from gaining more insight into
their own disease, helping shared decision making and empowering self-management.
Second, health care professionals could benefit from gaining more insight into their
patients’ reflections of their disease. With this enhanced insight they can help to set (and
update) shared disease management goals and choose appropriate therapies. And last,
but not least, researchers and the general clinical community (including patients) could
benefit from sharing data to move towards collaborative management of disease, where
each participant can contribute information from their own area of “expertise”, and, learn
and improve within their domain to serve the common goal of optimal and personalized
treatment.
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Nederlandse samenvatting
Reumatoïde artritis (RA), ook wel ‘reuma’ genoemd, is een chronische ontstekingsziekte
waarvan de oorzaak nog niet geheel duidelijk is en waarvoor er op dit moment nog
geen behandeling bestaat die tot genezing leidt. De ziekte uit zich voornamelijk in
gewrichtsontstekingen, leidend tot verminderde beweeglijkheid van de gewrichten en
beperking van het functioneren. Indien de ziekte onbehandeld blijft, kan er blijvende
gewrichtsschade ontstaan. Ook hebben patiënten met RA een verhoogd risico op harten vaatziekten. Patiënten ervaren pijn, stijfheid, maar ook vermoeidheid door de ziekte.
Het ziekteverloop kenmerkt zich door perioden van stabiliteit, afgewisseld met periodes
van verhoogde ziekteactiviteit. Uit eerder onderzoek is gebleken dat behandeling in
een vroeg stadium van de ziekte ernstige gewrichtsschade kan voorkomen. Ook blijkt
uit verschillende studies dat de beste uitkomsten zijn te behalen door het nauwlettend
volgen van het ziekteverloop en door de behandeling aan te passen aan de hand van
vooraf opgestelde criteria, om hiermee de ziekte in remissie (rust) te krijgen.
Het volgen van het ziekteverloop wordt gedaan door het afnemen van een score die de
ziekteactiviteit weergeeft. Een reumatoloog of gespecialiseerd reumaverpleegkundige
kan de ziekteactiviteitscore berekenen door de ontstekingsactiviteit in het bloed te
meten en gewrichtsmetingen gericht op pijn en zwelling bij de patiënt af te nemen. In
de loop der jaren zijn er binnen de reumatologie ook verschillende meetinstrumenten
ontwikkeld, die zich alleen baseren op vragen en/of metingen, ingevuld door een
patiënt, de zogeheten patiënt-gerapporteerde uitkomst maten (PROMs). Het is echter
onduidelijk hoe PROMs, gericht op het meten van ziekteactiviteit bij RA, zich verhouden
tot de scores die zorgprofessionals berekenen en hoe hiervan gebruik gemaakt zou
kunnen worden.
In dit proefschrift getiteld: ‘Personalized management of Rheumatoid Arthritis:
using PROMS for monitoring of disease activity’ is onderzocht op welke manier
medicatiebeslissingen worden beïnvloed door de patiënt ervaren ziekte, gemeten
middels patiënt-gerapporteerde uitkomsten. Vervolgens is onderzocht hoe de door
patiënt gerapporteerde informatie kan worden geïnterpreteerd en worden gebruikt bij
het volgen van het ziekteverloop. Dit alles ter bevordering van meer gepersonaliseerde
behandeling van RA. Onze hypothese was, dat de door patiënt ervaren ziekte,
onafhankelijk en additioneel op huidig gebruikte klinische metingen, van invloed zou
zijn op beslissingen om medicatie op te hogen. In hoofdstuk 2 is dit onderzocht bij
453 patiënten met RA. Uit dit onderzoek blijkt, dat in aanvulling op een belangrijke
ziekteactiviteitscore (DAS28), patiënttevredenheid met de huidige ziekteactiviteit,
ervaren verandering van ziekteactiviteit tussen het vorige en huidige poliklinisch bezoek
en verwachte toekomstige verandering van ziekteactiviteit, een sterke relatie hadden
met de bereidheid van de patiënt om therapie aan te passen. Deze zelf gerapporteerde
bereidheid was vervolgens weer sterk gerelateerd aan medicatie intensificatie
(ophoging), die was geregistreerd in de praktijk. Dit resultaat benadrukt het belang van
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het meten van het door patiënten ervaren ziekteverloop en om dit mee te nemen in het
opstellen van behandelstrategieën.
In hoofdstuk 3 beschrijven we een systematisch literatuuronderzoek om PROMS in kaart
te brengen, die ontwikkeld zijn voor het meten van ziekteactiviteit bij patiënten met
RA. Tevens is geïnventariseerd welke meeteigenschappen van deze instrumenten zijn
geëvalueerd en is de mate van wetenschappelijk bewijs gewogen. Uit deze studie kwam
een aantal bevindingen naar voren. Allereerst blijkt dat er geen eenduidige terminologie
wordt gebruikt in dit onderzoeksveld. Dit bemoeilijkt het vinden van de juiste literatuur
en de overdracht van kennis. Het vraagt om verdere standaardisatie in klinimetrisch
terminologie gebruik. Het onderstreept het belang van gespecialiseerde registraties
met gestructureerde informatie over meetinstrumenten, zoals de Europese ‘European
League Against Rheumatism (EULAR) Outcomes Measures Library’ en de COnsensusbased Standards for the selection of health Measurement INstruments (COSMIN)
database of systematic reviews of outcome measurement instruments. Ten tweede
komt naar voren dat evaluaties van meetinstrumenten voornamelijk gericht zijn op het
toetsen van validiteit, maar dat meeteigenschappen zoals betrouwbaarheid, meetfout,
cross-culturele validiteit en interpretatie van de meting, onvoldoende zijn onderbouwd.
Vier PROMs; Pt-DAS, RADAI, RADAI-5 en RAPID3 bleken het breedst geëvalueerd en het
sterkst onderbouwd.
In hoofdstuk 4 en 5 hebben we onderzoek verricht naar de methodologie voor het bepalen
van Minimal Important Change (MIC) waardes. Deze waardes zouden gebruikt kunnen
worden om de score van een patiënt op een PROM te kunnen interpreteren. Ze dienen
namelijk als doel om aan te geven hoeveel de score op een PROM minimaal over de tijd
zou moeten veranderen om een voor de patiënt belangrijke verandering te representeren.
In hoofdstuk 4 hebben we ons specifiek gericht op de vergelijking van MIC waardes
tussen patiënten. Hierin vonden we dat er veel misclassificatie (onder- of overschatting)
van verandering zou zijn als deze MIC waardes voor monitoring van individuele
patiënten zouden worden gebruikt. Er bleek een grote overlap in onderliggende
klinische ziekteactiviteitscores van patiënten, die zichzelf als verbeterd, onveranderd of
verslechterd hadden gerapporteerd. Daarnaast bleek ook dat een meerderheid van de
patiënten die op basis van MIC waardes als verslechterd zouden worden gecategoriseerd,
tevreden was met de gezondheidsstatus en aangaf niet bereid te zijn om de medicatie aan
te passen. Deze resultaten geven aan dat, in vergelijking met metingen van zorgverleners
en metingen van andere patiënten, patiënten op een verschillende manier verandering in
hun ziekteverloop ervaren en rapporteren. Dit trekt in twijfel of eenduidige interpretatie
van PROMs middels MIC waardes bij deze patiëntengroep mogelijk is. In hoofdstuk 5 zijn
we MIC waardes ook over de tijd gaan vergelijken. MIC waardes worden immers veelal
als een enkele waarde voor een meetinstrument gepresenteerd en zouden daarmee niet
moeten variëren over de tijd. Uit ons onderzoek blijkt dat de relatie tussen de zelf-ervaren
gezondheidsverandering en klinisch gemeten verandering varieert tussen patiënten en
binnen patiënten over de tijd. MIC waardes moeten om deze reden niet generaliseerbaar
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worden geacht tussen patiënten of binnen patiënten over de tijd, zonder dat hier gerichte
validatie naar is gedaan.
Wetende dat het gebruik van enkelvoudige MIC waardes voor het monitoren van
individuele patiënten zou kunnen leiden tot misclassificatie en daarmee suboptimale
behandelbeslissingen, zijn we gaan onderzoeken op welke manier we toch patiëntgerapporteerde uitkomsten (PROs) zouden kunnen integreren met metingen van
zorgprofessionals, om het monitoren van ziekteverloop bij patiënten met RA te
ondersteunen. In hoofdstuk 6 beschrijven we een evaluatie van een eerste op PROMgebaseerd algoritme om patiënten met RA mee te monitoren. Het algoritme volgt een
PROM-score over de tijd en berekent daarvoor een 3-punts gemiddelde over de tijd. Dit
gemiddelde wordt vergeleken met twee normwaardes en genereert waarschuwingen
(red flags) in twee gevallen:
1 een absolute waarde voor een te bereiken grens van lage ziekteactiviteit is niet bereikt
2 een relatieve waarde voor verslechtering in ziekteactiviteit wordt overschreden
Om vals positieve alarmen te voorkomen wordt er bij drie opeenvolgende waarschuwingen
een alarm getriggerd voor een zorgprofessional. Uit de resultaten van deze studie bleek
dat het algoritme in staat was om op basis van de PROM-score goed te duiden wanneer er
geen noodzaak leek te zijn voor medicatie aanpassing (negatief voorspellende waarde).
Het algoritme was minder goed in staat om te duiden wanneer een medicatie ophoging
noodzakelijk was, echter was de kans wel groter dit juist te voorspellen dan de vooraf
geschatte kans. Hoewel dit onderzoek slechts het eerste, beperkte bewijs vormt voor
de potentiële waarde van het gebruik van PROMs ter ondersteuning van het monitoren
van ziekteactiviteit, demonstreert het dat er kansen liggen om systemen te ontwikkelen,
waarbij data vanuit verschillende perspectieven kan worden samengebracht ter
ondersteuning van de huidige monitoring- en behandelstrategieën.
In hoofdstuk 7 worden de belangrijkste bevindingen van dit proefschrift besproken en
bediscussieerd in het licht van de huidige literatuur. Samengevat laten de resultaten
van het proefschrift zien dat PROMs aspecten van RA kunnen vangen die van invloed
zijn op medicatiebeslissingen en een aanvulling bieden op de meetscores die door de
zorgverlener worden verzameld. Er zijn verschillende PROMs ontwikkeld waarmee de
ziekte kan worden gevolgd, er zijn echter meeteigenschappen die meer wetenschappelijke
evaluatie vergen. Het interpreteren van verandering op PROMs blijkt complexer dan de
huidige methodiek en de eenvoudige afkapwaarden doen vóórkomen. In afwachting van
nadere evaluatie van meeteigenschappen en interpretatiewaarden, kan echter al nuttig
gebruik gemaakt worden van bestaande PROMs ter ondersteuning van monitoring en
medicatiebeslissingen bij RA. Toekomstig onderzoek kan gericht worden op selectie
van een PROM die het beste de ziekteactiviteit representeert. Met de selectie van een
(voorkeurs)PROM kan vervolgonderzoek efficiënt worden gericht op de potentiële
verbetering van de diverse meeteigenschappen van het instrument. Daarnaast zou het
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interessant zijn om te onderzoeken of nieuwe collaboratieve (artificiële) intelligentie
technieken kunnen helpen in het vertalen van data naar inzichten die samen beslissen en
personalisatie van behandeling bij RA zouden kunnen ondersteunen.
Uiteindelijk is het perspectief, dat het systematisch verzamelen en delen van zowel
PROMs alsmede metingen van zorgverleners, zou kunnen leiden tot een win-win-win
situatie. Allereerst zouden patiënten met RA hiervan kunnen profiteren door meer
inzicht te krijgen in hun eigen ziekte(verloop) en zouden zij hiermee ondersteund
worden in het samen beslissen en zelfmanagement van de ziekte. Ten tweede zouden
zorgprofessionals hiervan kunnen profiteren door meer inzicht te krijgen in de door
patiënten ervaren ziekte, waarmee zij begrip krijgen en ondersteuning kunnen bieden
voor het mede bepalen van behandeldoelen en hieraan gerelateerde therapieën. En ten
derde zouden onderzoekers en de algemene klinische gemeenschap (inclusief patiënten)
kunnen profiteren van het delen van data om hiermee toe te werken naar collaboratieve
behandeling van de ziekte. Een aanpak, waar elke deelnemer in het proces kan bijdragen
vanuit zijn/haar eigen deelexpertise én kan leren en verbeteren binnen het eigen domein,
om het gedeelde doel van optimale en gepersonaliseerde behandeling te bereiken.
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Eindelijk ben ik dan nu echt toegekomen aan het laatste en veelal meest gelezen deel van
een proefschrift: het dankwoord. Na vele jaren onderzoek en velen jaren ‘in eigen tijd’
verwerken van resultaten, wil ik graag iedereen bedanken die mij op inhoudelijk en/of
sociaal vlak heeft gesteund.
Om te beginnen mijn promotor, professor Van Riel, zoals ik je in het begin aansprak,
beste Piet, zoals ik inmiddels gewend ben. De eerste keer dat ik met jou kennismaakte
was tijdens een college waar jij vertelde hoe de DAS was ontwikkeld. Klinimetrie en
reumatologie spraken mij toen al erg aan. Na stages te hebben gelopen bij Wietske
en Jaap, bood jij mij de kans om te kiezen uit verschillende promotietrajecten. Ik was
ambitieus en een multicenter, gerandomiseerde, pragmatische trial binnen het DREAM
samenwerkingsverband, leek mij een mooie uitdaging. Helaas bleek de inclusie voor
deze studie een taaie klus, maar je bood mij de mogelijkheid om op een eigen bedacht
onderwerp door te gaan. Ik weet ook nog goed hoe ik bij dat onderwerp kwam. Tijdens
een van onze overleggen vroeg jij mij of ik even voor een delegatie Chinese professoren
die op bezoek kwamen, een presentatie wilde houden over mijn onderzoek. Toen ik vroeg
hoe lang de presentatie moest zijn, zei je doodleuk “oh niet zo lang, driekwartier tot een
uurtje ongeveer”. Dit gaf mooi het contrast aan tussen een ervaren professor die dit nog
zonder voorbereiding zo even uit zijn mouw schudt en een jonge promovendus, die hier
behoorlijk van in de stress schoot… Hoe ging ik in godsnaam allemaal experts zo lang
geïnformeerd houden? Maar ik ben je hier wel dankbaar voor, want het dwong mij om
na te denken over een onderzoekslijn, die uiteindelijk heeft geleid tot dit proefschrift.
Deze manier van begeleiding, promovendi zelf aan het roer zetten, laten pionieren en
zelf fouten laten maken, heeft mij enerzijds best wat tijd en energie gekost, maar heeft
mij ook zelfstandig en zelfredzaam gemaakt. Dit zijn competenties die bij mijn werk
bij Philips en mijn huidige werk bij Santeon en het Zorginstituut Nederland nog van
grote waarde blijken te zijn. Ook ben ik je zeer dankbaar voor alle aanmoedigingen om
mijn proefschrift af te maken en niet op te geven. Door mijn gedwongen vertrek bij de
afdeling, een veeleisende fulltime baan, het starten van een gezin, een hernia, operatie en
revalidatie, moest ik het werk aan mijn proefschrift telkens weer laten liggen om daarna
weer op te pakken. Dit was allesbehalve makkelijk, maar een goed getimed mailtje, smsje
of whatsappje van jou hielpen mij dan weer over die drempel. Bedankt voor deze steun en
het vertrouwen.
Dan als tweede, mijn copromotor Wietske. Ook jou heb ik het eerst leren kennen tijdens
mijn studie, toen jij tijdens een werkcollege vertelde over een kosteneffectiviteitsmodel
dat jij voor Borstkanker had ontwikkeld. Het was leuk om te horen hoe onderzoek ook
echt effect kan hebben op besluitvorming in de praktijk. Later hebben we tijdens mijn
HTA-stage onderzoek gedaan naar response-shifts bij patiënten met RA. Dit was het
eerste onderzoek dat ik in teamverband uitvoerde en het bevestigde voor mij dat ik
mij hier verder in wilde ontwikkelen. Jij introduceerde mij ook bij Jaap en Piet en hebt
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ervoor gezorgd dat ik de kans kreeg om te promoveren. Ook het door jou uitgesproken
vertrouwen in mij heeft ervoor gezorgd dat ik op een eigen promotieonderwerp kon
overstappen, toen de inclusie van de DREAM-time studie niet voortvarend bleek te gaan.
Met veel plezier herinner ik mij ook mijn eerste congres in Chicago, waar we voor het
eerst wat langer informeel met elkaar hebben gesproken en ik samen met jou en Elke een
veel te grote cheesecake getracht heb naar binnen te werken. Helaas is ons contact met
de reorganisatie van de afdeling Reumatische Ziekten, met jouw en uiteindelijk ook mijn
vertrek van de afdeling, wat verwaterd. Desalniettemin stond jij nog wel voor mij klaar,
toen ik na al die jaren beroep op je deed om mij te helpen met de laatste loodjes. Zeer veel
dank daarvoor.
Beste Jaap, wij begonnen niet samen mijn promotietraject en misschien is het ook wel
passend dat we het ook niet samen afmaken. Dat neemt niet weg dat ik tijdens mijn
Epidemiologie stage en mijn tijd op de afdeling veel van je heb geleerd. Hoewel mijn soms
wat ambiteuze analytische probeersels niet altijd in jouw expertisegebied lagen, was je
nooit te beroerd om mee te denken, als ik weer eens met een zelfontwikkeld conditionalindirect-effects script of experimenteel counterfactual macro van Harvard op de proppen
kwam. Ook leerde jij mij om de boodschap van al die ingewikkelde analyses te vertalen
voor lezers die misschien niet zo analytisch onderlegd waren, maar waarvan ik wel
beoogde dat ze gebruik zouden maken van de resultaten. Een voor mij, nog steeds lastige,
maar waardevolle les.
Prof. dr. M.G.M. Olde Rikkert, PD. dr. B.F. Leeb, Prof. dr. M. Boers, thank you for reviewing
this thesis.
Ook spreek ik graag mijn dank uit aan alle reumatologen en gespecialiseerd
verpleegkundigen van het DREAM samenwerkingsverband. Hoewel ik het DREAM-time
onderzoek niet heb kunnen afmaken, zijn de resultaten wel opgenomen in verschillende
publicaties en heb ik veel geleerd over alles wat komt kijken bij het doen van onderzoek
in Netwerkverband.
Graag bedank ik ook alle mensen van de afdeling Reumatische Ziekten waarmee ik in meer
of mindere mate samen heb gewerkt. Mijn eerste werkplek was in ‘het kabouterhuisje’,
maar ook wel ‘Barrakistan’ genoemd. Daar werd ik hartelijk ontvangen door mijn
‘buufjes’, trial-verpleegkundigen: Sjoukje en Franka. Beiden bedankt voor alle leuke tijden
die we op onze verschillende werkplekken hebben gehad. De medische staf: Hedwig,
Annelies, Hanneke, Madelon, Tim, Roland, bedankt voor het inzicht op medisch vlak.
De specialistisch verpleegkundigen en nurse practitioners: Ellis, Diana, Joke, Jaqueline,
Carine, Inge, Rienke en René, bedankt voor jullie hulp bij het werven van patiënten, het
namens mij uitleggen van mijn onderzoek en uitzetten van vragenlijsten. Ondersteunende
staf: Thea, Lia, Aggie, Erik, Marion, Monique, Mieke, Lieke, Renske, zonder jullie waren
alle bijeenkomsten en afspraken niet geregeld en had ik de data uit de vragenlijsten nooit
op mijn computer kunnen verwerken. De ‘oude garde’ promovendi: Delia, Bea, Laura,
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Lydia, Marlies, Calin, bij jullie kon ik als eerste de ups-and-downs van promoveren zien
en voelde ik mij meteen thuis op de afdeling. Femke en Han, jullie hadden binnen mijn
promotietraject misschien geen formele rol, maar jullie aanmoediging heeft mij wel
ontzettend geholpen om tot het eind door te knokken, bedankt. De ‘nieuwe garde’ medepromovendi en tevens mijn ‘Buitenhoek’ en ‘Dungeon/OOV-2’ medebewoners: Yvonne,
Sofie, Wieneke, Marieke, bedankt voor een fijne tijd, leuke pauze gesprekken, etentjes,
uitjes en vooral spannende WIDM competities, die ik helaas maar niet wist te winnen. Ik
hoop dat we elkaar na deze gekke tijd weer kunnen opzoeken om wat leuks te doen en
bij te praten. Elke, ik noem jou graag nog even apart, bedankt voor de leuke tijd tijdens
de MALD cursus waar we nog samen hebben genoten van WK voetbal + bitterballen en
natuurlijk onze ‘epische’ roadtrip van San Francisco naar de ACR in San Diego waar je mij
kennis hebt laten maken met Cold Stone Ice Cream.
Beste Sanne en Kavish, mijn roomies. Met jullie heb ik veel lol gehad en lief en leed
gedeeld. Sanne, gelukkig heb jij broers en wist jij je goed stand te houden met twee
volwassen kleuters op je werkkamer. Met bewondering zag ik hoe jij met schijnbaar gemak
op verschillende onderwerpen publicaties voor elkaar wist te krijgen en hoe jij groeide in
je rol als onderzoeker, waarbij je naast je promotietaken ook nog verschillende stagiaires
hebt begeleid. Kavish, met jou kon ik alle digitale trends en vakantiebestemmingen
bespreken. We hebben ook menig grappen en grollen met elkaar én bij elkaar uitgehaald.
Met jou had ik ook het meeste ‘lotgenoten’ contact als een van onze projecten weer eens
even niet lekker liep. Dat plaatste dan alles weer even in perspectief en hielp me weer
verder. Voordat je ons verliet om in opleiding te gaan, konden we gelukkig nog een keer
samen naar een congres. Met veel plezier denk ik nog terug aan onze reis naar Washington
D.C. en de ‘Pizza and Beer’ avond. Sanne en Kavish, maar ook Jan en Andjenie, ook jullie
hoop ik in betere tijden weer een keer te treffen voor een ouderwetse spelletjesavond.
Ook bedank ik graag de mensen waarmee ik heb gewerkt en die mij hebben gesteund
na mijn vertrek bij de afdeling Rheumatische Ziekten. Leon, Stijn, Marcel, Carel, Peter,
Rita en de leden van Bright Society, bedankt voor jullie vertrouwen in mij en vooral ook
de steun tijdens mijn hernia. Mieke, Annelies, Elke, Jeire en alle andere fijne collega’s van
Philips research en de Innovation Site Eindhoven: bedankt voor de leuke en leerzame
tijd. De medewerkers van de afdeling IQ healthcare, ik ben door mijn werk bij Philips en
mijn ziekte maar kort (en parttime) op de afdeling geweest, maar bedankt voor de leuke
gesprekken. Natuurlijk ook dank aan mijn huidige collega’s bij Santeon voor alle steun en
aanmoediging!
Lieve vrienden en familie: Daan en Erica, Roy en Jurgen, Marit en Bart, Liesbeth en Erwin,
Fleur en Bart, Maarten en Caroline, Sjoerd, Nico, Ruurd en Elize, Bas en Karin, bedankt
voor alle interesse die jullie de afgelopen jaren in mijn onderzoek hebben getoond en de
aanmoedigingen die jullie mij hebben gegeven om het traject af te ronden.
Lieve paps en mams, bedankt dat jullie altijd voor mij klaar staan en voor alle hulp en
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goede zorgen die ik van jullie heb ontvangen. Paps van jou heb ik geleerd dat je met
inzet en doorzettingsvermogen een hoop kan bereiken. Mams van jou heb ik geleerd dat
spontaniteit, empathie en humor ook belangrijke eigenschappen zijn om succesvol te zijn
in het leven. Ik hoop dat ik jullie met de afronding van dit proefschrift ook een beetje trots
maak, I love you!
Lieve Marije, jij hebt vanaf het begin en het meest dichtbij mijn promotietraject
meegemaakt. Mijn frustraties als dingen niet lekker liepen, mijn strubbelingen om
nieuwe, drukke banen te beginnen en daarnaast nog te werken aan een proefschrift.
Samen hebben we mooie reizen gemaakt en heb jij mij twee mooie jongens geschonken.
In het weekend ging jij vaak met de jongens op pad, zodat ik even een paar uurtjes
ongestoord kon werken. Jij stond voor mij klaar toen ik door mijn hernia ineens een hele
oude man werd en weken moest revalideren. Woorden schieten te kort om mijn dank
en liefde voor je uit te drukken. Eindelijk kunnen we nu alle verloren uren samen met de
jongens in gaan halen.
Lieve Mike en Thomas, jullie zijn het mooiste wat mij is overkomen. Door jullie beleef
ik de wereld elke dag vanuit een heel nieuw perspectief. Al mijn zorgen en frustraties
verdwijnen als sneeuw voor de zon als ik jullie zie lachen of iets nieuws zie ontdekken.
Ik hoop dat, net als opa mij heeft laten zien, jullie ook van mij zien dat inzet en
doorzettingsvermogen lonen. Pappa is nu eindelijk klaar, tijd om lekker samen te gaan
spelen!
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Jos Hendrikx werd geboren op 16 december 1980. Hij groeide op in
Eindhoven en na een drietal jaren aan de oost- en westkust van de
Verenigde Staten te hebben gewoond, startte hij zijn middelbaar
onderwijs aan het Stedelijk College Eindhoven. In 1997 behaalde
hij, als onderdeel van zijn tweetalig VWO, zijn International
General Certificate of Secondary Education onder auspiciën van de
University of Cambridge. In 1999 volgde daarop zijn VWO diploma en na uitgeloot te zijn
voor de studie geneeskunde, startte hij de opleiding Farmacie aan de Universiteit Utrecht.
Na een tegenvallende studiekeuze en een jaar later nogmaals te zijn uitgeloot voor de
studie geneeskunde, kon hij uiteindelijk wel starten met de opleiding Fysiotherapie aan
de Fontys Paramedische Hogeschool Eindhoven. Hij behaalde in 2005 zijn (fysiotherapie)
Bachelor of Health, waarna hij kon starten met een doorstroomprogramma Biomedische
Wetenschappen aan de Radboud Universiteit Nijmegen. Hier voltooide hij in 2008 (cum
laude) een Master of Science in Health Technology Assessement en Epidemiologie. Tevens
voltooide hij ook als eerste student een extra programma ‘Evidence Based Practice’ van
het Nijmegen Centre for Evidence Based Practice (NCEBP), wat later werd hernoemd naar
het Radboud Institute for Health Sciences (RIHS). Aansluitend aan het behalen van zijn
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Findable
All the data described in this thesis are stored and can be found at the department of
Rheumatology of the Radboud University Medical Center in Nijmegen, The Netherlands.

Accessible
All the data and protocols can be obtained on reasonable request from the department of
Rheumatology of the Radboud University Medical Center in Nijmegen, The Netherlands

Interoperable
The data and SPSS analysis scripts (SPSS Inc., Chicago, Illinois, USA) are documented in
Dutch and/or English according to the FAIR principles.

Reusable
The data will be saved for 15 years after termination of the respective studies (last in
2014). The data and SPSS analysis scripts (SPSS Inc., Chicago, Illinois, USA) shown in this
thesis are adequately documented to be reusable for further research and analysis. Using
these patient data in future research is only possible after a renewed permission by the
patient as recorded in the informed consent.
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