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Abstract
Objective

To assess the effects of education, feedback and a computerised decision support system (CDSS) versus education and 
feedback alone on rheumatologists’ rheumatoid arthritis (RA) guideline adherence.

Methods
A single-centre, randomised controlled pilot study was performed among clinicians (rheumatologists, residents and 

physician assistants; n=20) working at the study centre, with a 1:1 randomisation of included clinicians. A standardised 
sum score (SSS) on guideline adherence was used as the primary outcome (patient level). The SSS was calculated from 

13 dichotomous indicators on quality of RA monitoring, treatment and follow-up. The randomised controlled design was 
combined with a before-after design in the control group to assess the effect education and feedback alone. 

Results
Twenty clinicians (mean age 44.3±10.9 years; 55% female) and 990 patients (mean age 62 ± 13 years; 69% female; 72% 
rheumatoid factor and/or anti-CCP positive) were included. Addition of CDSS to education and feedback did not result 
in significant better quality of RA care than education and feedback alone (SSS difference 0.02; 95%-CI -0.04 to 0.08; 

p=0.60). However, before/after comparison showed that education and feedback alone resulted in a significant increase 
in the SSS from 0.58 to 0.64 (difference 0.06; 95%-CI 0.02 to 0.11; p<0.01). 

Conclusion
Our results suggest that CDSS did not have added value with regard to guideline adherence, whereas education and 

feedback can lead to a small but significant improvement of guideline adherence.
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Introduction
Treatment of rheumatoid arthritis (RA) 
is based on the tight control principle 
in which disease activity monitoring 
and treatment changes if a pre-set tar-
get is not reached, is essential. Treating 
patients using a tight control strategy, 
especially in combination with a speci-
fied treatment protocol, results in lower 
disease activity and less functional dam-
age compared to usual care (1-5). In or-
der to help practicing clinicians using a 
tight control strategy, many tight control 
based guidelines are available (6-8). 
Next to the tight control based treatment 
guidelines, separate recommendations 
exist on topics such as shared care or 
risk management (9, 10).
Unfortunately, adherence to these guide-
lines is often suboptimal. For example, 
treatment is not changed on time in case 
of active disease or patients do not re-
ceive appropriate disease-modifying 
anti-rheumatic drug (DMARD) therapy 
(11-13). For patients, the lack of adher-
ence to tight control recommendations 
by rheumatologists can have severe con-
sequences as non-adherence has been 
associated with more radiographic pro-
gression and functional impairment (5). 
Despite these observations on subop-
timal guideline adherence and its con-
sequences for patients, implementation 
research in rheumatology is scarce and 
almost no trials on improving rheuma-
tologist guideline adherence exist (14). 
However, Cochrane reviews and two 
RA studies on often performed inter-
ventions (educational meetings, audit 
and feedback, and reminders) conclude 
that they all can improve care provided 
to patients (15-17).
Based on the lack of intervention stud-
ies within rheumatology and the exist-
ence of effective interventions outside 
rheumatology, we aim to improve RA 
care by increasing rheumatologists’ 
guideline adherence using education, 
feedback and Computerized Decision 
Support System (CDSS). 

Methods
Study design and participants
A single centre, randomised controlled 
pilot study was performed to assess 
the effects of an extended intervention 
strategy including education, feedback 

and CDSS versus a standard strategy 
with education and feedback alone. In 
addition, the randomised controlled de-
sign was combined with a before-after 
design in the control group to assess 
the effect of the standard intervention 
strategy alone (Fig. 1).  
The study was conducted at the de-
partment of rheumatology at the Sint 
Maartenskliniek (specialised clinic in 
rheumatology, orthopaedics and reha-
bilitation medicine, the Netherlands). 
All clinicians prescribing rheumatologic 
medication (rheumatologists, residents 
and physician assistants (PA)), work-
ing at this centre between July 2013 and 
May 2014 were eligible. Only clinicians 
that were not willing to sign informed 
consent were excluded. 
Although the interventions were aimed 
at clinicians, outcomes were measured 
in patients (provided care in accordance 
with the guideline ‘yes’ or ‘no’). All 
adult patients with an ICD-9 code of RA 
(714.x) with a visit to an included clini-
cian during the pre- or post-intervention 
period were eligible for inclusion. Par-
ticipation in a biological DMARD (bD-
MARD) dose tapering trial, being held 
at the study centre in the same period, 
was the only exclusion criterion as this 
trial could influence treatment deci-
sions made during our study.
A random sample of all eligible patients 
was drawn both before- and after the in-
tervention. This because approximate-
ly 2250 unique RA patients are treated 
at the study centre and data collection 
for all those patients was deemed too 
labour intensive. Thus, patients were 
identified from two different time pe-
riods: July 2013 to December 2013 
(pre-intervention) and January 2014 to 
April 2014 (post- intervention). Bal-
ancing precision and feasibility of data 
collection, we included 30 RA patients 
per clinician in both time periods. For 
those patients, only the first visit in the 
pre- or post-intervention period was 
used to assess guideline adherence, 
meaning that in this study the number 
of visits and patients is equal, and that 
the before after comparison is done be-
tween two unpaired groups.

Randomisation
Included clinicians were randomised in 
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a 1:1 ratio of intervention versus con-
trol group using two blocks (block size 
10). A research physician allocated cli-
nicians using a computer generated ran-
domisation list. After signing informed 
consent, the clinician received a sealed 
opaque envelope that contained the ran-
domly assigned allocation. Due to the 
nature of the interventions, blinding of 
participants or researchers was not pos-
sible.

Interventions
The standard intervention was provided 
to all clinicians in the intervention- and 
control group, and comprised a one-
hour group session combining educa-
tion with feedback. The first part of 
the session focused on the importance 
of tight control and guideline adher-
ence in RA patients (education). Next, 
feedback was given on group level 
and where possible on individual level 
(non-anonymous). The whole session 
was developed and provided by NL 
(PhD student) and AdB (rheumatolo-
gist), both working at the study centre. 
In the intervention group, CDSS was 
added to the previous intervention 
(extended intervention strategy). The 
CDSS was linked to the Electronic 
Health Record (EHR) used at the study 
centre (EZIS v. 5.2, Chipsoft). The 
CDSS was incorporated into the Com-
puterized Physician Order Entry system 
(CPOE) which was already integrated 
in the EHR and used by all clinicians. 
The CDSS worked with algorithms, us-
ing clinical information from the EHR, 
to automatically complete CPOE orders 

and to send reminders to the clinician 
about routine care. A week before the 
CDSS became available to the interven-
tion group, they received 1.5 hour train-
ing and until the CDSS was released 
into the EHR, clinicians could practice 
with the CDSS in a special training ver-
sion of the EHR. After implementation 
of the CDSS into the EHR, assistance 
from the developers was available for 
additional explanation of the system. 
The CDSS was designed in such a way 
that it could be specifically linked to the 
Chipsoft account of intervention group 
clinicians, making it impossible for 
control group clinicians to access the 
CDSS thereby preventing contamina-
tion between groups. The CDSS devel-
opment was a close collaboration be-
tween clinicians (NL and AdB) and the 
Information Technology department of 
the study centre. 
During the intervention development, 
we took into account determinants of 
success as described in relevant re-
views on this topic (15, 16, 18-20). A 
more extensive explanation of both in-
terventions can be found in supplement 
1, with the PowerPoint slides used dur-
ing the educational meeting provided 
in Supplement 2.  

Outcome measures
As no standard indicator set for quality 
of care in RA is available (21), we had 
to develop our own indicator set. We 
chose to base our set on the indicators 
stated in the Dutch national RA guide-
line (6) as this guideline most closely 
matches the situation at the study cen-

tre. As mentioned in the introduction, 
other recommendations besides tight 
control treatment are available to rheu-
matologists. Therefore, we chose to 
incorporate a broader set of indicators 
than in previous RA guideline adher-
ence studies. This resulted in the selec-
tion of 13 indicators on treatment and 
monitoring, follow-up and shared care, 
and administration (Table I). In supple-
ment 3 the development process is de-
scribed in more detail.    
Using the 13 indicators as separate pri-
mary outcomes would have resulted 
in multiple testing problems during 
the analysis. The primary outcome 
was therefore the mean difference in 
a standardised guideline adherence 
sum score (SSS) between the interven-
tion and control group (i.e. the primary 
analysis was conducted on pre-post in-
tervention differences between educa-
tion alone versus education and CDSS). 
The 13 separate indicators all had di-
chotomous outcomes (1 for ‘yes’ and 0 
for ‘no’). In this way the SSS could be 
calculated for every patient by totaling 
the score of the individual guideline ad-
herence indicators and dividing this by 
the number of indicators that applied to 
this patient (score range 0 to 1, higher 
scores indicating more guideline adher-
ence). Both the adherence percentages 
of the separate guideline indicators and 
the mean difference in SSS before and 
after the standard intervention in the 
control group are reported as secondary 
outcomes. 

Data collection
As no real time feedback on all indica-
tors was available at the study centre 
and not all data could be automatically 
extracted from the EHR, we had to rely 
on manual EHR review for data collec-
tion. For every included patient, data 
from one visit was collected in either 
the pre- or post-intervention period. If 
the patient had visited the clinic more 
than once during the pre- or post-inter-
vention period, only the first visit in this 
period was taken into account. Using 
pre-defined algorithms, the 13 guideline 
indicators could be calculated from visit 
data on demographics, disease charac-
teristics, disease activity, functional sta-
tus and current medication use.

Fig. 1. Study design.
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Of note, during data collection we 
mainly relied on the CPOE orders done 
by included clinicians. For example, 
in case of indicator 11 (interval to the 
next visit) we looked at the correspond-
ing CPOE order and noted the interval 
that the clinician had entered (i.e. three 
months, six months, etc.). In reality this 
follow-up visit could be planned a few 
weeks before or after the proposed in-
terval due to organisational issues or 
patient factors. By using the CPOE or-

ders, we were sure that the clinicians’ 
decision had been noted and not organi-
sational or other issues. 
Blinded data collection was not pos-
sible as it could be directly seen from 
the EHR whether the patients’ treating 
clinician used the CDSS (intervention 
group) or not (control group). How-
ever, double data extraction and entry 
was performed on two different random 
samples of patients in order to achieve 
high-quality data collection.

Ethical approval
This study was presented to the local 
ethics committee (CMO; Commis-
sie Mensgebonden Onderzoek region 
Arnhem-Nijmegen), but according to 
Dutch Act on Medical Research Involv-
ing Human Subjects, the study did not 
need ethical approval (CMO reference 
number 2013/529). Written informed 
consent from all participating clinicians 
was obtained before study start.
All patient data were collected within 
the study hospital from the local EHR, 
after which the data was anonymised. 
As this data cannot be traced back to an 
individual patient, no written informed 
consent was needed from the patients 
according to Dutch Data Protection Act. 
The study was registered with the 
Dutch trial register (www.trialregister.
nl, NTR 4449). When reporting this 
study we followed the CONSORT and 
SQUIRE guidelines (22, 23).

Data sharing statement
Patient level data, full dataset, technical 
appendix and statistical code are avail-
able at a reasonable request from the 
corresponding author. Consent from the 
patients was not obtained but the pre-

Table I. Guideline adherence indicators and the relation between indicators and interventions.

	 Guideline adherence indicator	 Topic covered during interventions
		  Education &	 CDSS 
		  feedback	

Treatment and monitoring	 DAS28 measurement performed during the outpatient clinic visit	 P	 P

	 Radiographs of hands, feet and thorax made at the moment of diagnosis and radiographs	 P 
	 of hands and feet repeated 1 and 3 years thereafter		

	 Yearly assessment of functional status using the HAQ	 P	 P

	 Prescription of conventional and biological DMARDs according to the preferential order1	 P	 P 
	 when initiating a new DMARD	

	 Use or prescription of a concomitant conventional DMARD in case of biological use	 P	 P

	 Therapy change2 in case of active disease as measured with the DAS283	 P	

	 Dose reduction or interval lengthening (dose optimisation) of biological DMARDs in case	 P 
	 of low disease activity and stable biological use for the previous six months		

Follow-up and shared care	 Referral of new RA patients to a specialised nurse within the two weeks after diagnosis4 	 P	 P

	 Planned nurse led DAS28 assessment during the next regular outpatient clinic visit 5	 P	 P

	 Referral to a PA6	 P	 P

	 Correct interval between the visit in the study period and the next planned regular outpatient	 P	 P 
	 clinic visit	

Administration	 A letter to the general practitioner, sent within two weeks after diagnosis in case of a new		  P 
	 RA patient (new patient letter)		

	 A letter to the general practitioner, sent once every 18 months (control patient letter)		  P

Table II. Clinician and patient characteristics at baseline.

	 Control group 	 Intervention group
Clinician characteristics	 n=10	 n=10

Age, years (SD)	 42.4	 (11.1)	 46.0	 (11.0)
Female sex, n (%)	 5	 (50)	 6	 (60)
Rheumatologist, n (%)	 9	 (90)	 6	 (60)
Work experience, years (IQR)	 5.0	 (3.0 to 7.0)	 8.0	 (8.0 to 14.0)

Patient characteristics	 n=508	 n=482

Age, years (SD)	 62.1	 (12.5)	 62.0	 (12.6)
Female sex, n (%)	 340	 (66.9)	 346	 (71.8)
Disease duration, years (IQR)	 8.0	 (3.0 to 14.0)	 7.0	 (2.0 to 12.0)
Rheumatoid factor and/or anti-CCP positivity, n (%)	 338	 (76.5)	 257	 (67.5)
Erosive disease, n (%)	 225	 (47.3)	 189	 (44.0)

SD: standard deviation, IQR: interquartile range.
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sented data are anonymised and risk of 
identification is low. 

Statistical analysis and reporting 
of results
All analyses were done using STATA v. 
13. Depending on the type of variable, 
descriptive statistics are presented as 
absolute numbers with the accompany-
ing percentages, as means with stand-
ard deviations (SD) or as median with 
the interquartile range (IQR).
Based on an earlier retrospective 
study (24) we expected a mean SSS 
of 0.27±0.13 in both the intervention 
and control group before the interven-
tion, increasing to 0.45 in the control 
group and 0.72 in the intervention group 
(mean SSS difference: 0.27). With one-
sided testing (α=0.05, 1−β=0.8) and a 
randomisation ratio of 1:1, we calculat-
ed that 18 subjects would be needed for 
the before/after controlled design and 
8 in the randomised controlled design. 
Potential clustering of patients within a 
clinician was already accounted for in 
the sample size calculation by taking the 
SSS as the primary outcome measure.
To assess our primary outcome, tak-
ing the hierarchical structure of our 
data into account (clustering of patients 
within clinicians), multilevel linear re-
gression analysis was performed. In the 
regression model, the SSS was added 
as the dependent variable with study 
period, group allocation and the inter-
action between group allocation and 
study period as independent variables. 
By adding the interaction term we test-

ed whether a baseline to post-treatment 
change in the dependent variable was 
greater for the intervention group than 
for the control group. The effect of the 
standard intervention alone was as-
sessed with a multilevel linear regres-
sion model with study period as the in-
dependent variable, only using the data 
from the control group. Results from 
both multilevel regression analyses are 
reported as regression coefficients with 
the corresponding 95% confidence in-
terval (95% CI) and p-value. 
Secondary analyses were performed 
with the thirteen separate guideline 
indicators using multilevel logistic re-
gression models assessing the added 
effect of the extended intervention and 
the separate effect of the standard in-
tervention. Results from these analyses 
are reported as odds ratios (OR) with 
the corresponding 95% confidence in-
terval (95% CI) and p-value.
As not all 13 guideline adherence in-
dicators could be covered with CDSS 
(Table I), a post-hoc sensitivity analy-
sis was done in order to see if a SSS 
excluding the indicators not covered in 
the CDSS yielded different results than 
the SSS including all indicators. 
A second post-hoc sensitivity analysis 
was performed to assess if SSS results 
were different when only rheumatolo-
gists were included. This was done be-
cause clinician randomisation resulted 
in more PAs and residents being allo-
cated to the control group.
Finally, the SSS was also calculated and 
analysed for all three groups of indica-

tors separately (treatment and monitor-
ing, follow-up and shared care, admin-
istration) to see whether this made a 
difference.

Results
Participants
At the start of the study 25 clinicians 
were assessed for eligibility and 20 ful-
filled the inclusion criteria. All eligible 
clinicians signed informed consent and 
attended the allocated interventions. 
No loss to follow-up occurred. Table II 
shows the baseline clinician and patient 
characteristics. Altogether, 4648 unique 
adult patients with an ICD-9 code of RA 
visited the study clinic during the study 
period (pre- and post-intervention) and 
after drawing the random sample, 1102 
of those patients were selected for par-
ticipation. Of those, 60 had to be ex-
cluded due to participation in the dose 
tapering study. In addition, during the 
EHR review a small proportion of pa-
tients turned out not to fulfil the inclu-
sion criteria (n=52). For example, due to 
rescheduling of visits, no visit in the in-
tervention period was available. This re-
sulted in 990 patients being included in 
the final analysis (control group n=508 
patients; intervention group n=482).

Intervention effects on the 
standardised sum score
Both the standard and extended in-
tervention resulted in an increase of 
the SSS, with the mean SSS increas-
ing from 0.58 to 0.64 for the standard 
intervention and from 0.55 to 0.63 for 

Table III. Results on the analyses performed.

Analysis performed	 Mean SSS:	 Mean SSS:	 Intervention effects
	 standard intervention	 extended intervention	  (difference; 95% CI (p-value))
	
	 Pre-	 Post-	 Pre-	 Post-	 Standard	 Before/after
	 intervention	 intervention	 intervention	 intervention	 vs. extended	 standard

Primary analysis 	 0.58	 0.64	 0.55	 0.63	 0.02; -0.04 to 0.08 (0.60)	 0.06; 0.02 to 0.11 (<0.01)
    (all clinicians; all indicators)	

Post-hoc sensitivity analysis
Only CDSS indicators*	 0.59	 0.67	 0.58	 0.67	 0.01; -0.06 to 0.07 (0.85)	 0.08; 0.03 to 0.13 (<0.01)
Only rheumatologists	 0.53	 0.58	 0.56	 0.63	 0.02; -0.05 to 0.08 (0.65)	 0.05;-0.002 to 0.10 (0.06)
Only indicators on monitoring	 0.58	 0.64	 0.59	 0.67	 0.02;-0.7 to 0.12 (0.62)	 0.06; -0.004 to 0.13 (0.07) 
   and treatment	
Only indicators on follow-up &	 0.49	 0.55	 0.47	 0.55	 0.02; -0.06 to 0.10 (0.61)	 0.06; 0.002 to 0.12 (0.04)
   and referral	
Only indicators on administration	 0.73	 0.75	 0.73	 0.72	 -0.02; -0.14 to 0.08 (0.64)	 0.02; -0.06 to 0.09 (0.67)

*SSS calculation from all indicators except indicator 2 (radiographs), 6 (therapy change) and 7 (biological dose optimisation).
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the extended intervention (mean SSS 
difference 0.02; 95%-CI -0.04 to 0.08; 
p=0.60). In the before/after analysis in 
the control group, the increase in SSS 
after the standard intervention was sta-
tistically significant (mean difference 
0.06; 95%-CI 0.02 to 0.11; p<0.01). All 
post-hoc sensitivity analyses yielded 
similar results to the primary analysis 
(Table III).

Intervention effects on the 
individual indicators
The secondary analyses on the individ-
ual indicators yielded similar results to 
the primary analysis with no difference 
between the standard and extended in-
tervention for any of the indicators. In 
the before/after comparison four out of 
thirteen indicators changed significant-
ly after the standard intervention (Table 
IV). Of those four, three improved af-
ter the intervention (DAS28 measure-
ments, yearly HAQ assessment and 
PA referral) and one worsened (radio-
graphs of hands, feet and thorax). 

Discussion
To our knowledge this is one of the first 
randomised controlled trials within 
rheumatology trying to improve guide-
line adherence of clinicians. Our results 
show that CDSS has no added value in 
this context, whereas education and 
feedback did lead to a significant im-
provement in guideline adherence.

The strengths of this study are the use 
of a randomised design, a broad set of 
indicators, inclusion of different types 
of clinicians involved in RA care, inclu-
sion of a large sample of both early and 
established RA patients reflecting daily 
clinical practice and the use of two dif-
ferent interventions. 
However, this study has some limita-
tions related to the internal validity and 
generalisability.  Firstly, not all desired 
changes could be implemented in the 
CDSS. As a result, the SSS included in-
dicators not covered with this interven-
tion (Table I). This concerned indicator 
2 (radiographs), 6 (therapy change) and 
7 (biological dose optimisation). Nev-
ertheless, sensitivity analyses yielded 
no different results when excluding 
these indicators from the SSS calcula-
tion. Secondly, after randomisation the 
control group included more rheuma-
tologists than the intervention group 
(90% vs. 60%), but this did not seem to 
have influenced our results as sensitiv-
ity analyses excluding non-rheumatolo-
gists gave similar results as the original 
analysis. Thirdly, due to our study de-
sign we are not able to infer a causal 
relation between the standard interven-
tion and guideline adherence afterwards 
as other events in the same time period 
might have attributed to the observed 
results. However, we are not aware of 
any events during the study that could 
have influenced our results and during 

the study special attention was paid 
not to start other quality improvement 
projects. Fourthly, as this was a sin-
gle centre study the generalisability 
may be hampered due to differences 
on patient-, hospital-, or societal level. 
However, the RA population treated in 
the study centre seems to represent a 
normal RA population, thus not ham-
pering generalisability. Of course, the 
study centre being a specialised clinic 
and the study only being performed in 
the Netherlands might have influenced 
our results, which stresses the need for 
replication of our study in other set-
tings. Finally, the use of a broad set 
of indicators in combination with the 
sample size can also be seen as a dis-
advantage as not all patients could be 
included in all indicators. However, by 
using this set of indicators for the first 
time we were able to gain more insight 
into the broad concept of quality of care 
in rheumatology. However, future stud-
ies, preferably multi-centre, should use 
a larger sample in order to be able to 
confirm our results when using multiple 
indicators.  
Being one of the first intervention stud-
ies to improve clinicians’ RA guideline 
adherence also has a downside, as we 
cannot directly compare all of our re-
sults with other groups. With regard to 
our standard intervention we are aware 
of one other study using education and 
feedback to improve RA care (Metrix 

Table IV. Guideline adherence to and intervention effects on the separate indicators.

Indicator	 Adherence: standard intervention 	 Adherence: extended intervention	 Odds ratio (95% CI)
	
	 Pre-intervention	 Post-intervention	 Pre-intervention	 Post-intervention	 Standard vs.	 Before/after
	 (n=254)	 (n=254)	 (n=241)	 (n=241)	 extended 	 standard

1. DAS28 measurement, % (n)	 66.8	 (144 / 216)	 80.3	 (183 / 228)	 67.5	 (139 / 206)	 75.6	 (164 / 217)	 0.7	 (0.4 to 1.4)	 2.0	 (1.3 to 3.1)
2. Radiographs, % (n)	 48.4	 (31 / 64)	 13.2	 (7 / 53)	 35.3	 (24 / 68)	 23.0	 (14 / 61)	 3.2	 (0.9 to 11.4)	 0.2	 (0.1 to 0.4)
3. Yearly HAQ, % (n)	 68.5	 (148 / 216)	 79.4	 (181 / 228)	 68.1	 (139 / 204)	 83.0	 (180 / 217)	 1.4	 (0.7 to 2.8)	 1.8	 (1.1 to 2.7)
4. Correct DMARD prescription, % (n)	 50.0	 (5 / 10) 	 46.2	 (6 / 13)	 78.6	 (11 / 14)	 65.0	 (13 / 20)	 1.1	 (0.1 to 17.4)	 0.4	 (0.1 to 4.5)
5. Concomittant DMARD, % (n) 	 50.7	 (36 / 71)	 62.6	 (62 / 99)	 61.3	 (49 /80)	 59.5	 (47 / 79)	 0.6	 (0.2 to 1.5)	 1.6	 (0.9 to 3.1)
6. Therapy change in case of active 	 63.9	 (23 / 36)	 56.4	 (31 / 55)	 47.1	 (16 / 34)	 52.8	 (28 / 53)	 1.7	 (0.5 to 5.9)	 0.7	 (0.3 to 1.7)
    disease, % (n)	
7. Biological dose optimisation, % (n)	 10.5	 (4 / 38)	 12.0	 (6 / 50)	 18.8	 (6 / 32)	 9.7	 (3 / 31)	 0.5	 (0.1 to 4.0)	 2.0	 (0.2 to 4.2)
8. Referral to a specialised nurse, % (n)	30.8	 (8 / 26)	 30.8	 (4 / 13)	 15.8	 (3 / 19)	 23.1	 (3 / 13)	 6.2	 (0.2 to 221.7)	 0.9	 (0.2 to 5.6)
9. Planned nurse-led DAS28 at next	 59.8	 (143 / 239)	 69.6	 (156 / 224)	 69.7	 (156 / 223)	 69.8	 (148 / 212)	 0.8	 (0.4 to 1.5)	 1.4	 (0.9 to 2.1) 
    visit, % (n)	
10. Referral to a PA, % (n)	 22.1	 (31 / 140)	 39.2	 (38 / 97)	 14.6	 (27 / 185)	 34.3	 (57 / 166)	 1.3	 (0.6 to 2.9)	 2.4	 (1.3 to 4.4)
11. Correct visit interval, % (n)	 47.8	 (108 / 226)	 53.7	 (116 / 216)	 56.9	 (119 / 209)	 61.5	 (126 / 205)	 1.0	 (0.6 to 1.7)	 1.2	 (0.8 to 1.8)
12. Timely new patient letter, % (n)	 64.0	 (16 / 25)	 75.0	 (9 / 12)	 42.1	 (8 / 19)	 53.9	 (7 / 13)	 1.0	 (0.1 to 7.7)	 1.7	 (0.4 to 7.9)
13. Timely control patient letter, % (n)	 73.2	 (169 / 231)	 74.9	 (182 / 243)	 75.7	 (168 / 222)	 72.4	 (168 / 232)	 0.8	 (0.4 to 1.5)	 1.1	 (0.7 to 1.6)

Values in bold are significant (p-value <0.05). DAS28: Disease Activity Score in 28 joints; CDSS: Computerized Decision Support; HAQ: Health Assess-
ment Questionnaire; DMARD: disease-modifying anti-rheumatic drug; PA: physician assistant. 
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study). In this randomised controlled 
trial, rheumatologists receiving edu-
cation and feedback (n=10) collected 
more global assessments and HAQs 
than their colleagues not receiving 
these interventions (n=10). Further-
more, the researchers could calculate 
more composite scores in the interven-
tion group (increase from 43% to 57%), 
whereas the control group did not show 
any change. Finally, the intervention 
group did change therapy in 57% of 
the patients with a high DAS compared 
to 38% of the rheumatologists in the 
control group (25). Our results from 
the standard intervention on compara-
ble topics are similar (therapy change 
in active disease) or better (HAQ and 
DAS28 measurement). However, the 
Metrix study did not measure if com-
posite scores were actually calculated 
by the rheumatologists themselves and 
if they were used to guide treatment 
decisions. This makes our study prob-
ably more useful in judging the effect 
of education and feedback on the use of 
composite measures such as the DAS28 
in daily practice. 
With regard to CDSS, parallels can be 
drawn with other studies within rheu-
matology but of the four studies we are 
aware of, only one focuses on RA (26-
29). In this study a template, integrating 
information from different sources (i.e. 
physician itself, patients and/or EHR), 
was implemented. Following imple-
mentation of this system, a strong cor-
relation was found between use of the 
system by rheumatologists and disease 
control, and more patients were in a 
state of low disease activity (28). Al-
though both the intervention and study 
population are not fully comparable 
with ours, these results imply that care 
for patients with rheumatic diseases 
could benefit from EHR changes. 
Outside rheumatology far more studies 
have been performed on the effect of 
education and feedback. Two Cochrane 
reviews on this subject conclude that 
both educational meetings and feed-
back can improve clinical practice, 
although the effects are often small to 
moderate which resembles the effects 
found in this study (15, 16, 30). Simi-
larly, different reviews on CDSS have 
been performed outside rheumatol-

ogy concluding that CDSS results are 
not always consistent but can improve 
practitioner performance. However, pa-
tient outcomes such as morbidity and 
mortality are at best moderately im-
proved (17, 31-34).
Finally, it is interesting to notice that 
not all indicators did show an im-
provement after the intervention. For 
example, the indicators on ordering 
of radiographs and correct DMARD 
prescriptions worsened after the inter-
vention in both the standard and ex-
tended intervention group. For both 
observations we do not have a good 
explanation. However, in the light of 
these results and the previously men-
tioned reviews, our results emphasise 
the need for better understanding why 
interventions work in one setting and 
not in another. Several reviews have 
addressed this issue and many factors 
could possibly influence successful up-
take of the interventions. We have tried 
to take these factors into account dur-
ing the development and execution of 
our interventions, for example by mak-
ing sure CDSS was integrated into the 
workflow and the messages were timely 
and relevant. Also, attendance during 
the educational meeting was high and 
feedback was provided by a direct col-
league. However, it was not possible to 
incorporate all the potential factors for 
success, which might explain the small 
effects observed. In addition, guideline 
adherence might be classified as com-
plex behavior due the many, and often 
interconnected, recommendations that 
have to be followed. This could have 
led to the small effect of education and 
feedback, with our CDSS not being ad-
equate enough to fill in the gap between 
knowing about the recommendations 
and actually practicing them. 
Despite the small effects observed, we 
feel that our study has important prac-
tical implications, especially within 
rheumatology. First of all, the results 
of this study confirm that improving 
guideline adherence is a challenge. 
However, the improvement result-
ing from our standard intervention is 
a first step in the right direction and 
again stresses the importance of more 
attention towards the implementation 
of guidelines. Secondly, this study 

probably could have benefited from 
a more formal barrier analysis before 
study start, in order to develop an even 
more targeted intervention. Although a 
Cochrane review on this subject is not 
conclusive, future studies should cer-
tainly consider such an approach (35). 
Lastly, our study is an example of im-
plementation research where we tried 
to bridge the gap between evidence and 
practice. So far, this type of research 
is scarce within rheumatology which 
was recently recognised by Buchbinder 
et al. We agree with these authors that 
only performing clinical research is not 
enough to improve care if no attention 
is given to the implementation of new 
findings in clinical practice (14). There-
fore, we would strongly advocate for 
more attention towards implementation 
science within rheumatology in order to 
let more patients benefit from optimal 
RA care.   
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