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Patients with Rheumatoid Arthritis Acquire 
Sustainable Skills for Home Monitoring: A Prospective 
Dual-country Cohort Study (ELECTOR Clinical Trial I)
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ABSTRACT.   Objective. In an eHealth setting, to investigate intra- and interrater reliability and agreement of joint
assessments and Disease Activity Score using C-reactive protein (DAS28-CRP) in patients with
rheumatoid arthritis (RA) and test the effect of repeated joint assessment training.

                        Methods. Patients with DAS28-CRP ≤ 5.1 were included in a prospective cohort study
(clinicaltrials.gov: NCT02317939). Intrarater reliability and agreement of patient-performed joint
counts were assessed through completion of 5 joint assessments over a 2-month period. All patients
received training on joint assessment at baseline; only half of the patients received repeated training.
A subset of patients was included in an appraisal of interrater reliability and agreement comparing
joint assessments completed by patients, healthcare professionals (HCP), and ultrasonography.
Cohen’s k coefficients and intraclass correlation coefficients (ICC) were used for quantifying of relia-
bility of joint assessments and DAS28-CRP. Agreement was assessed using Bland-Altman plots.

                        Results. Intrarater reliability was excellent with ICC of 0.87 (95% CI 0.83–0.90) and minimal
detectable change of 1.13. ICC for interrater reliability ranged between 0.69 and 0.90 (good to
excellent). Patients tended to rate DAS28-CRP slightly higher than HCP. In patients receiving repeated
training, a mean difference in DAS28-CRP of –0.08 was observed (limits of agreements of –1.06 and
0.90). After 2 months, reliability between patients and HCP was similar between groups receiving
single or repeated training.

                        Conclusion. Patient-performed assessments of joints and DAS28-CRP in an eHealth home-monitoring
solution were reliable and comparable with HCP. Patients can acquire the necessary skills to conduct
a correct joint assessment after initial and thorough training. [clinicaltrials.gov (NCT02317939)] 
(First Release February 1 2020; J Rheumatol 2020;47:658–67; doi:10.3899/jrheum.181362)
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Telemonitoring and eHealth solutions for assessing patients
with chronic illnesses such as diabetes, asthma, and hyper-
tension have previously shown great advantages in better
control of illnesses and improvement of symptoms1. A similar
eHealth solution for patients with rheumatoid arthritis (RA)
may be advantageous both for patients and healthcare
systems. 
    The eHealth in Rheumatology (ELECTOR, www.elector.eu)
project is part of the Horizon 2020 Programme, set up to
develop and implement an eHealth platform for home-based
monitoring of patients with RA. For monitoring of RA, the
European League Against Rheumatism (EULAR) recom-
mends tight control of disease activity to ensure optimal
treatment2,3. Currently, tight control is managed in outpatient
clinics by healthcare professionals (HCP), and is expensive
and time-consuming for both parties4,5,6. The possibility for
self-management of stable patients as part of an eHealth
solution would leave more time in the clinics for patients in
specific need of care and provide greater involvement of
patients. Previously, therapeutic adjustments based on
monitoring of disease activity by patient-reported outcomes
for patients in stable remission or with low disease activity
has maintained disease control similar to routine care7.
    To assess disease activity by 28-joint count Disease
Activity Score using C-reactive protein (DAS28-CRP), one
needs data concerning CRP, the visual analog scale (VAS) on
patient assessment of global health, and swollen and tender
joint counts. All items of this score may be made available at
the patient’s home in a future home-monitoring solution. 
    Previous studies of the subject have shown poor to
moderate reliability and agreement as well as intra- and inter-
observer variations in joint assessments, especially of joint
swelling4,6,8–16. Consequently, before home monitoring can
become a reality there is a need to investigate whether
patient-performed joint counts reported through a
home-monitoring platform are reliable and whether the
agreement between patient and HCP joint counts is sufficient.
Joint assessments by use of ultrasonography (US) in RA have
been shown to be more sensitive than clinical examination in
evaluating both swelling and tenderness17; consequently, US
was included to explore the validity of patient and HCP joint
assessments.
    The aim of our study was to examine the intra- and inter-
rater reliability and agreement of joint assessments and the
corresponding DAS28-CRP, and to assess the effect of
repeated training in joint assessment.

MATERIALS AND METHODS
Design. The ELECTOR clinical trial I was initially designed as a randomized
controlled trial with a 2:2:1:1 allocation ratio. The randomization algorithm
appeared impossible to implement because of organizational challenges. It
was decided to continuously include patients for a prospective cohort study
with consecutive recruitment of participants in the investigation of intrarater
reliability and agreement (group 1), or the investigation of intra- and inter-
rater reliability and agreement (group 2). The trial was registered at clini-
caltrials.gov (NCT02317939). All patients received joint assessment training
at baseline, whereas only half of the patients were given repeated training
(group A); the other half of patients did not receive repeated training (group
B). This resulted in a total of 4 possible groups: 1A, 1B, 2A, and 2B (Figure
1). When allocated to one of these 4 groups, the platform kept track of the
study protocol, making sure that the content related to the recurrent training
at followup was only shown to patients allocated to this group.
Setting. During the period from December 2014 to April 2017, patients
routinely visiting the outpatient clinics of rheumatology in Frederiksberg,
Denmark (DK), and in Prague, Czech Republic (CZ), were screened for
eligibility and invited to participate. As part of the ELECTOR project, an
online Web-based platform18 was developed for filling in questionnaires and
joint assessments. The study was performed according to the Helsinki
Declaration, and with approval from the Ethics Committee of the Capital
Region (J.no.: H-3-2014-108), DK, and the institutional Ethics Committee
(J.no.: 9220/2015), CZ. Further, approval was obtained from the Danish Data
Protection Agency.
Patients. Patients were considered eligible for inclusion if they had been
diagnosed with RA for ≥ 12 months, were between 18 and 85 years of age,
and had a DAS28-CRP ≤ 5.1 assessed by an HCP at a screening visit.
Exclusion criteria included vision impairment that prevented use of
computers. All patients included in the study provided written informed
consent.
Patient instructions. At baseline, all patients received video instruction and
individual face-to-face guidance on how to fill in results on the online
platform. Baseline training on how to perform joint assessments was
delivered through a Web-based service consisting of 3 instruction videos
with focus on (1) general information about joint assessment; (2) assessment
of wrist and finger joints; and (3) assessment of elbow, shoulder, and knee
joints, followed by a short training session delivered by the HCP. The
followup training session, given to half of the patients, included only the
videos.
Clinical investigations. Assessment of 28 tender and/or swollen joints
[proximal interphalangeal joints (PIP) 1–5, metacarpophalangeal joints
(MCP) 1–5, wrist, elbow, shoulder, and knee on both sides] was performed
by patients 5 times on 4 different days over a period of 2 months (visit
schedule is in Supplementary Table 1, available with the online version of
this article). For investigation of interrater reliability and agreement, 2 joint
assessments were completed within a week at 2 occasions with an interval
of 2 months, resulting in a total of 4 joint assessments. Joint assessments
were conducted by an experienced rheumatologist (HCP1) and a medical
student trained in joint assessments (HCP2). Timing of HCP assessments
and CRP measurements were aligned with the patient-performed joint
assessments. Completion of the Health Assessment Questionnaire and VAS
was done at all visits (Supplementary Table 1). 
Examination by US.An US specialist performed an examination of 12 joints
(MCP 2–5, wrist, and elbow on both sides) that contained an assessment of
synovial hypertrophy (swollen joint) and Doppler activity (tender joint).
Synovial hypertrophy was assessed on greyscale images. Doppler mode was
used for the visualization of increased blood flow due to inflammation. Only
12 joints were included in the US examination, comprising wrists, elbows,
and MCP joints, all of which are considered the most frequently involved
joints in RA. MCP-1 was excluded because this joint may also be affected
by osteoarthritis.
Statistical methods. Prior to conducting the analyses, a statistical analysis

659Skougaard, et al: ELECTOR: eHealth in rheumatology

Rigshospitalet; P.C. Taylor, Professor, Botnar Research Centre, Nuffield
Department of Orthopaedics, Rheumatology and Musculoskeletal
Sciences, University of Oxford; H. Gudbergsen, MD, PhD, The Parker
Institute, Copenhagen University Hospital Bispebjerg and Frederiksberg.
Address correspondence to Dr. H. Gudbergsen, The Parker Institute,
Copenhagen University Hospital Bispebjerg and Frederiksberg, Nordre
Fasanvej 57, Road 8, Entrance 19, 2000 Frederiksberg, Denmark. 
E-mail: rindelgudbergsen@gmail.com
Accepted for publication August 2, 2019.

Personal non-commercial use only. The Journal of Rheumatology Copyright © 2020. All rights reserved.

 www.jrheum.orgDownloaded on April 9, 2024 from 

http://www.jrheum.org/


plan was published online (www.parkerinst.dk). Statistical analysis was
conducted on the per-protocol (PP) population for assessment of intrarater
reliability and agreement. The PP population was defined as patients with
complete data to calculate DAS28-CRP at all visits within the predefined
time slots, with a short time followup within 1–3 days (situation 1,
Supplementary Table 1, available with the online version of this article).  The
same analysis was carried out for the PP population with all data to calculate

DAS28-CRP at an extended time slot, with a short time followup within 1–7
days (situation 2, Supplementary Table 1). Statistical analysis for interrater
assessment was conducted on the complete case (CC) population for inter-
rater assessments because this analysis was independent of time compared
to the intrarater analysis. CC was defined as patients having complete data
to calculate DAS28-CRP for all 4 raters.
Comparison of DAS28-CRP ratings. Intraclass correlation coefficients (ICC)

660 The Journal of Rheumatology 2020; 47:5; doi:10.3899/jrheum.181362

Personal non-commercial use only. The Journal of Rheumatology Copyright © 2020. All rights reserved.

Figure 1. Patient flow chart demonstrating the total number of patients filling in questionnaires through the online platform at visits 1 to 4. The per-protocol
population is defined as patients with complete data for the calculation of DAS28-CRP at all visits. 1A: patients receiving joint count training at baseline and
followup. Patients’ joints were assessed only by patients themselves. 1B: patients receiving joint count training only at baseline. Patients’ joints were assessed
only by patients themselves. 2A: patients receiving joint count training at baseline and followup. Patients’ joints were assessed by patients themselves, HCP,
and US. 2B: patients receiving joint count training only at baseline. Patients’ joints were assessed by patients themselves, HCP, and US. Group 1A and 1B
included patients from the Czech Republic and Denmark. Group 2A and 2B included patients from Denmark. DAS28-CRP: 28-joint count Disease Activity
Score using C-reactive protein; HCP: healthcare professional; US: ultrasound.
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were calculated for quantification of intra- and interrater reliability for
DAS28-CRP. ICC were calculated for quantification of intrarater reliability
(i.e., patient scores from visit 1 were compared with visit 2, and visit 3 was
compared with visit 4) and interrater reliability (i.e., patient scores were
compared to HCP scores at visit 1 and visit 3). Values < 0.40 were interpreted
as poor reliability, 0.40–0.59 as fair reliability, 0.60–0.74 as good reliability,
and 0.75–1.00 as excellent reliability19. 
Comparison of swollen/tender joint ratings. Cohen’s k coefficients were
used for quantification of reliability for classification of tender and swollen
joints on single-joint level. A k coefficient < 0 was considered poor, 0.0–0.20
slight, 0.21–0.40 fair, 0.41–0.60 moderate, 0.61–0.80 substantial, and
0.81–1.00 almost perfect level of reliability20. Intra- and interrater agreement
were assessed using Bland-Altman plots and limits of agreement were calcu-
lated. A difference in DAS28-CRP > 0.6 was considered minimal clinically
important difference (MCID) because that is the cutoff in EULAR’s response
criteria21,22 where changes in medical management might be considered23.
Differences in DAS28-CRP > 0.6 were considered as proxies for when
additional contact with the patient might be considered during home
monitoring.
US comparison. Observed agreement was reported (i.e., number of patients
who had identical ratings between visits). Interrater agreement was reported
as absolute agreement. Because not all 28 joints were included in every US
examination, the correlation between US and joint count was made for each
single joint.
Sensitivity analyses. To account for missing data, a series of sensitivity
analyses were carried out to compare the predefined PP and CC populations,
and moreover for an intention-to-treat population in which missing data on
DAS28-CRP were imputed using grand mean and an as-observed population
defined by patients who had any data on the outcome of interest. 
      Calculations were carried out using the statistical software R (version
3.3.3; R Foundation for Statistical Computing) with the package “psych”24.

RESULTS
Patient flow. Of 443 patients screened for eligibility, a total
of 314 patients were included in the trial. For the primary
analysis, data from 187 patients were included for assessment
of intrarater reliability and agreement (PP population, Figure
1). For analysis of interrater reliability and agreement, data
were included from 60 patients (CC population).
Demographics. At inclusion, the PP population had a mean
age of 55.1 (SD 13.5) years, 81% were women, mean disease
duration was 11.9 (SD 8.7) years, and 86%, 24%, and 22%
received conventional synthetic disease-modifying antirheu-
matic drugs (csDMARD), biologic DMARD (bDMARD),
and prednisolone, respectively (Table 1). They had a mean
DAS28-CRP (assessed by an HCP2) of 3.0 (SD 1.0), and
median VAS patient global, VAS pain, and VAS fatigue of
21.5, 18, and 28, respectively. When comparing patients from
DK and CZ (Supplementary Table 2, available with the
online version of this article), the patients from DK were
generally older, included fewer females, fewer were treated
with csDMARD and prednisolone, and more were in
treatment with bDMARD. There was no statistically signifi-
cant difference between the patients regarding DAS28-CRP,
VAS global, or VAS pain, but patients from DK had a statis-
tically significant higher VAS fatigue score.
Comparing repeated patient-performed joint assessments by
DAS28-CRP (intrarater reliability and agreement). Patients’

intrarater reliability for DAS28-CRP at visit 1 and visit 2 was
excellent, with an ICC of 0.87 (0.83–0.90) and minimal
detectable change (MDC) of 1.13 (Table 2).
    For patients’ intrarater agreement on DAS28-CRP at visit
1 and 2, illustrated with Bland-Altman plots, the mean
difference between the 2 visits was 0.11 (i.e., patients tended
to rate DAS28-CRP higher at visit 2; Figure 2). Limits of
agreement were –1.01 and 1.23 (i.e., the 2 sets of ratings may
not be considered interchangeably, because the differences
within the limits of agreement were > 0.6). Forty-four
patients (23%) had a DAS28-CRP difference of > 0.6
between visit 1 and 2, 69 (37%) between visit 2 and 3, and
27 (14%) between visit 3 and 4. 
    Patients’ intrarater reliability and agreement for visit 3 and
4 were overall slightly improved compared to visit 1 and 2,
with ICC of 0.92 (0.90–0.94), MDC of 1.00, mean difference
of –0.02, and limits of agreement of –1.03 and 0.98 (Table 2
and Figure 2). 
    Observed agreement for patients’ assessment of swollen
and tender joints at visit 1 and 2 ranged between 85.6–98.9%
and 81.3–94.7%, respectively (data not shown). The k coeffi-
cient estimates for swollen and tender joints ranged from 0.20
to 0.79 (slight to substantial agreement), and 0.31 to 0.66 (fair
to substantial agreement), respectively. Joints resulting in
slight or fair reliability were right fifth PIP and left MCP
(both tender and swollen), left second PIP (tender), and left
fourth MCP (swollen).
    Separate analyses according to country (Supplementary
Table 3, available with the online version of this article)
showed excellent patients’ intrarater reliability for
DAS28-CRP at visit 1 and visit 2 for both Danish and Czech
patients, with an ICC of 0.87 (0.81–0.91) and ICC of 0.88
(0.80 to 0.92), respectively. For the Czech patients, ICC was
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Table 1. Patient characteristics.

Characteristics                                                          Patients PP, n = 187

Age, yrs                                                                           55.1 (13.5)†
Female, n (%)                                                                    151 (81)
Disease duration, yrs, mean (SD)                                    11.9 (8.7)‡
csDMARD use, n (%)                                                       154 (86)§
bDMARD use, n (%)                                                        43 (24)††
Prednisolone use, n (%)                                                    39 (22)††
DAS28-CRP*                                                                   3.0 (1.0) ǁ
VAS global (0–100), median (IQR)                             21.5 (7.3–44.8)
VAS pain (0–100), median (IQR)                                   18 (7.0–38)
VAS fatigue (0–100), median (IQR)                             28 (11.0–51.0)

Values are mean ± SD unless otherwise specified. * Baseline data for
DAS28-CRP are those measured by HCP2 at visit 1. † Data missing for 1
patient. ‡ Data missing for 81 patients. § Data missing for 8 patients. †† Data
missing for 9 patients. ǁ Data missing for 44 patients. PP: per protocol;
csDMARD: conventional disease-modifying antirheumatic drug; bDMARD:
biologic DMARD; DAS28-CRP: 28-joint count Disease Activity Score
using C-reactive protein; VAS: visual analog scale; IQR: interquartile range;
HCP2: healthcare professional (medical student trained in joint assessments).
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improved at visit 3 versus 4 compared to visit 1 versis 2 with
an ICC of 0.95 (0.93–0.97).
Comparing differences in joint assessment by DAS28-CRP
and on single-joint level performed by patients, HCP, and US
(interrater reliability and agreement). For DAS28-CRP
assessments at visit 1, interrater reliability between patients
and HCP1 was good, with an ICC of 0.75 (0.61–0.84) with
CI ranging from good to excellent agreement (Table 2).
Slightly better reliability was seen with patients versus HCP2,
and HCP1 versus HCP2. For the interrater agreement at visit
1, the mean differences and limits of agreement were –0.21
(–1.66; 1.25), –0.15 (–1.55; 1.26), and 0.06 (–0.94; 1.07) for
patients versus HCP1, patients versus HCP2, and HCP1
versus HCP2, respectively (Figure 3). Hence, patients tended
to rate DAS28-CRP higher than HCP1 and HCP2, while
assessments performed by HCP2 and HCP1 were very
similar.
    Agreement between patients, HCP, and US was rated on
single-joint level. Agreement on swollen joints comparing
patients and HCP joint assessments ranged from 73.3% to
100% (Supplementary Figure 1, available with the online
version of this article). Hence, in 73.3–100% of the assess-
ments, patients and HCP were agreeing on whether the given
joint was swollen. Comparing patients and HCP with US
showed an observed agreement for swollen joints between
43.3–78.3% and 41.7–83.3% (12 joints assessed on
single-joint level), respectively (Supplementary Figure 1).
Lowest agreement comparing US with patients and HCP was
seen for both wrists ranging from 43.4% to 45% and 41.7%
to 45%, respectively.
    For the ratings of tender joints, the observed agreement
ranged from 78.3% to 100% for joints assessed by patients
and HCP, and between 75% to 93.3% when comparing
patients and HCP individually with US (Supplementary
Figure 1, available with the online version of this article).
Lowest agreement for tender joints was seen for right second,
fourth, and fifth MCP, and for left wrist when comparing with
US.

Effect of joint count training on intra- and interrater relia-
bility and agreement.At visit 1, patients’ DAS28-CRP assess-
ments before and after joint score training had excellent
intrarater reliability with ICC of 0.90 (0.87–0.92) and MDC
of 0.99, which was similar to the reliability between visit 1
and 2 (Table 2). The mean difference was –0.08 with limits
of agreements of –1.06 and 0.90. Hence, assessments before
and after training were very similar (Figure 4). Reliability
between patients and HCP was generally better after initial
training (Table 2).
    Comparing groups receiving repeated training with groups
receiving no training at visit 3 showed similar intrarater relia-
bility between visit 3 and 4; however, the MDC was slightly
higher in group B (no repeated training) compared to group
A (repeated training; Table 2). Intrarater agreement tended to
be slightly better in group A than in group B, with mean
difference and limits of agreement of –0.07 (–0.98; 0.84) and
0.03 (–1.06; 1.12), respectively (Figure 4).
Sensitivity analyses. For intrarater reliability, the sensitivity
analyses showed results similar to the PP analyses when
comparing with the intention-to-treat population and the
as-observed population. However, the interrater reliability
was generally lower.

DISCUSSION
This study showed patient-performed joint assessments to be
reliable and in overall agreement with joint counts performed
by HCP in this group of patients with low to moderate disease
activity. Further, the findings were consistent in people with
RA across 2 European countries with different language and
routines.
    Patients’ intrarater reliability on DAS28-CRP on all visits
was excellent with small variations in patient assessments
from day to day. These results were independent of the need
for repeated instruction (i.e., the group receiving only
baseline training did as well in the test as the group that was
given repeated training). Based on the observed, but not
significant, effect of training, patients with chronic RA
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Table 2. DAS28-CRP intra- and interrater reliability.

Variables                                          Intrarater Reliability (PP)                                                                              Interrater Reliability (CC)
                                                     Situation 1 †                                                            Situation 2 ††                                        n            Pt vs HCP1,               Pt vs HCP2,            HCP1 vs HCP2, 
                                         n        ICC (95% CI)       MDC         n                ICC (95% CI)        MDC                        ICC (95% CI)            ICC (95% CI)             ICC (95% CI)
                                                                                                                                
Visit 1§, all (primary)      121    0.87 (0.80–0.91)      1.12        187            0.87 (0.83–0.90)       1.13            60        0.75 (0.61–0.84)        0.79 (0.68–0.87)         0.86 (0.78–0.91)
Visit 3§, all                      121    0.93 (0.90–0.95)      0.92        187            0.92 (0.90–0.94)       1.00            46        0.86 (0.71–0.93)        0.87 (0.75–0.93)         0.90 (0.82–0.94)
Visit 3§, subgroup A        67     0.94 (0.90–0.96)      0.84        102            0.93 (0.90–0.96)       0.92            25        0.87 (0.71–0.94)        0.87 (0.72–0.94)         0.90 (0.78–0.95)
Visit 3§, subgroup B        54     0.92 (0.87–0.95)      1.00         85             0.91 (0.86–0.94)       1.08            21        0.81 (0.47–0.93)        0.84 (0.63–0.93)         0.87 (0.71–0.95)
Visit 1 pretraining‡, all   121    0.88 (0.84–0.92)      1.04        187            0.90 (0.87–0.92)       0.99            60        0.69 (0.51–0.84)        0.74 (0.59–0.84)         0.86 (0.78–0.91)

† Situation 1: assessment of intrarater reliability in the PP population with short time followup performed within 1–3 days. †† Situation 2: assessment of intrarater
reliability in the PP population with short time followup performed within 1–7 days. § For intrarater reliability, visit 1 is compared with visit 2, and visit 3 is
compared with visit 4. ‡ For intrarater reliability, visit 1 pretraining is compared to visit 1 post-training. DAS28-CRP: 28-joint count Disease Activity Score
using C-reactive protein; ICC: intraclass correlation coefficient; MDC: minimal detectable change; PP: per-protocol population; CC: complete-case population;
Pt: patient; HCP1: healthcare professional (experienced rheumatologist); HCP2: medical student trained in joint assessments.
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Figure 2. Patients’ DAS28-CRP intrarater agreement at visit 1 versus 2 and visit 3 versus 4. DAS28-CRP: 28-joint count Disease Activity Score using 
C-reactive protein.

Personal non-commercial use only. The Journal of Rheumatology Copyright © 2020. All rights reserved.

 www.jrheum.orgDownloaded on April 9, 2024 from 

http://www.jrheum.org/


664 The Journal of Rheumatology 2020; 47:5; doi:10.3899/jrheum.181362

Personal non-commercial use only. The Journal of Rheumatology Copyright © 2020. All rights reserved.

Figure 3. DAS28-CRP interrater agreement
comparing patients and HCP at visit 1.
DAS28-CRP: 28-joint count Disease Activity
Score using C-reactive protein; HCP:
healthcare professional.
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Figure 4. Effect of repeated training for
DAS28-CRP evaluation by patients.
DAS28-CRP: 28-joint count Disease Activity
Score using C-reactive protein.

Personal non-commercial use only. The Journal of Rheumatology Copyright © 2020. All rights reserved.

 www.jrheum.orgDownloaded on April 9, 2024 from 

http://www.jrheum.org/


(disease duration: mean 11.9 yrs, SD 8.7) have a good idea
about the state of their joints, which might be an advantage
during home monitoring. Although this may have a limitation
regarding generalizability for all patients, it might explain
why this study found excellent reliability.
    Reliability was excellent, though with MDC of 1.13 [i.e.,
above the predefined limit for non-important difference
(MCID DAS28-CRP 0.6)]. The implications of this
difference between MDC and MCID in the context of home
monitoring are that a real change of 0.6 in DAS28-CRP
would not be reliably detected. A potential consequence of
this in a home-monitoring setting would be that HCP might
adjust therapy based on spurious DAS28-CRP changes
caused by variations in joint assessments. 
    Assessing agreement revealed the number of patients
showing a change in DAS28-CRP exceeding the predefined
cutoff limit of 0.6. Fourteen to thirty-seven percent of the
patients had a DAS28-CRP difference > 0.6 between visits,
which was above the limit where treatment intervention
might be considered in a home-monitoring solution. During
home monitoring, this would necessitate HCP contacting
patients either by phone or requesting an outpatient review.
However, the majority of patients’ evaluations at home would
not cause any concern or elicit a visit to the clinic.
Alternatively, it may cause some concern if patients at home
do not rate themselves as worsening, when a treatment
change in fact is needed. Reassuringly, however, the results
of interrater analyses suggest that this would not generally
be an issue.
    Overall, reliability of DAS28-CRP was considered good
to excellent when comparing patients with HCP. Only slightly
better reliability was seen at followup. Results suggested that
patients’ joint assessments were as reliable as assessments
performed by HCP, because we identified < 10 cases in which
a difference above the limit for clinically important change
in DAS28-CRP21 occurred during the comparison of patients
and both HCP. As seen in previous studies, patients tended
to rate DAS28-CRP slightly higher than HCP4,13, and
individual HCP assessments were very similar, though with
minor variations13.
    When comparing patients and HCP at the single-joint
level, results showed slightly higher agreement for swollen
joints than for tender joints. However, comparing joint
assessments performed by patients and HCP with US, higher
agreement was seen on tender joints compared to swollen
joints for all assessors. The discordance comparing US with
HCP and patients, respectively, has no clinical significance
because disease activity is based on joint assessments — now
performed by HCP and in the future by patients during home
monitoring. The discordance, especially in wrists, may reflect
that wrists are more frequently affected by inflammation25,26,
and may reflect overall difficulties and variations in assess-
ments when assessing swollen joints as described in previous
studies4,6,12,13.

    Results of reliability testing suggested that patient-per-
formed joint assessments are just as reliable as HCP-
performed joint assessments. This finding is supported by
results from the analysis of observed agreement, which
showed high agreement comparing patients, HCP1, and
HCP2, respectively. Combined with the finding that assessors
all showed lack of agreement with US, results indicated that
the quality of patient-performed joint assessments was in line
with HCP-performed joint assessments.
    Our results are in accordance with the suggestion that
patient-performed joint counts may be used in clinical
research and management12, because patients’ DAS28-CRP
assessments were in line with HCP-performed assessments,
which indicates that patients experiencing a worsening of
symptoms do in fact react appropriately. These results support
the notion that patients’ self-assessments can be used in home
monitoring of disease activity in patients in remission or with
low to moderate disease activity as a supplement to assess-
ments performed by HCP at outpatient clinics4,6.
    A strength of our study is that it included patients with
DAS28-CRP over a broad range from remission to moderate
disease activity. A previous study6 discusses the possibility
that it might be easier to obtain agreement in patients with
low disease activity because of the low numerical
discrepancy and less room for numerical error. Our results
showed that moderate to good reliability and agreement can
be achieved even when the setup includes patients with
moderate disease activity.
    One potential limitation may be the extension of the
period between assessments (visits 1 and 2, and visits 3 and
4, respectively) to within 7 days instead of 3 days. The latter
turned out to be too strict for followup, considering patients’
everyday lives. This adaptation did not cause a decrease in
quality of the results regarding the interrater reliability and
agreement because data collection was time independent
(patient and HCP assessments were performed on the same
day). The analysis of intrarater reliability and agreement
revealed similar results regardless of whether the analyses
were performed on data within a 3- or 7-day period. 
    Patient-performed joint assessments are reliable and
comparable with joint assessments performed by HCP or by
US, making them useful in the integration of home
monitoring in outpatient clinics. Moreover, it is feasible for
patients in remission or with low to moderate disease activity
to perform joint assessments in a contextual setup, and to
examine the possibility of replacing or supplementing
hospital-based joint assessments to inform a therapeutic
decision. Our data suggest that patient-performed joint
assessments may also be applicable for monitoring RA
patients with moderate disease activity.
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