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Objectives: Few countries integrate patient-reported outcome measures (PROMs) in routine performance assessment and
those that do focus on elective surgery. This study addresses the challenges of using PROMs to evaluate care in chronic
conditions. We set out a modeling strategy to assess the extent to which changes over time in self-reported health status
by patients with inflammatory chronic rheumatic disease are related to their biological drug therapy and rheumatology
center primarily responsible for their care.

Methods: Using data from the Portuguese Register of Rheumatic Diseases, we assess health status using the Health Assess-
ment Questionnaire-Disability Index for rheumatic patients receiving biological drugs between 2000 and 2017. We specify a
fixed-effects model using the least squares dummy variables estimator.

Results: Patients receiving infliximab or rituximab report lower health status than those on etanercept (the most common
therapy) and patients in 4 of the 26 rheumatology centers report higher health status than those at other centers.

Conclusions: PROMs can be used for those with chronic conditions to provide the patient’s perspective about the impact on
their health status of the choice of drug therapy and care provider. Care for chronic patients might be improved if healthcare
organizations monitor PROMs and engage in performance assessment initiatives on a routine basis.

Keywords: comparative effectiveness of treatments, patient-reported outcome measures, performance of healthcare orga-
nizations, rheumatology
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Introduction

Routine comparison of the performance of healthcare pro-
viders and treatments on the basis of how they improve patients’
health is a prerequisite for developing a learning health system in
which the latest evidence is used to guide patients and providers
in their decision making. Nevertheless, estimating the effect of
providers and treatments on patients’ health is a challenge.1,2 A
key issue is how to measure “health” accurately. Traditional
measures focused on clinical processes and patient outcomes such
as survival. Although survival is the top priority for any patient,
there are other aspects of health that are of great importance such
as symptoms, functional status, and health-related quality of life
(HRQoL). These health dimensions can be captured using patient-
reported outcome measures (PROMs), questionnaires completed
by patients.3,4

PROMs have been used not only to compare providers and
treatments but also to support public reporting and inform value-
based payment models.5-8 The Dartmouth-Hitchcock Spine Cen-
ter, Swedish Rheumatology Quality Register hosted by Karolinska
15/Copyright ª 2022, International Society for Pharmacoeconomics and Ou
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University Hospital, and Group Health pioneered the use of
PROMs in clinical practice and healthcare management.9 Sweden
has a long history of national registries, many of which collect,
analyze, and report PROMs at the national level,10,11 and has
supported the development of several value-based payment
models.12 Another important initiative has been the English Na-
tional Health Service’s PROMs program in which patients who
have a hip or knee replacement or hernia repair complete ques-
tionnaires about their HRQoL before and after the intervention.11,13

Comparative data on change in HRQoL are published regularly and
hospitals face financial penalties for poor response rates and
outcomes.14 In the United States, there has also been a shift toward
value-based pricing,15,16 which runs alongside the practice of
public reporting of outcome data.17 For example, PROMs have
been incorporated into the Medicare Merit-Based Incentive Pay-
ment System and other payment models,18 with an initial focus on
joint replacement19 and oncology.20 Other countries such as
Australia,21-23 The Netherlands,24 and Portugal25 have started to
promote the routine collection and use of PROMs at the national
level. There is a growing interest worldwide in international
tcomes Research, Inc. Published by Elsevier Inc. This is an open access article
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Figure 1. Analytical sample.
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benchmarking using standard sets of PROMs for different health
conditions.26-28

There is now substantial experience of collecting and reporting
PROMs from those undergoing elective surgery. Attention is now
turning to those with chronic conditions,29,30 but applying PROMs
to those with chronic diseases requires addressing specific chal-
lenges. First, elective surgery typically involves a single interven-
tion, easily identifiable for the purposes of evaluation, and for
which it is possible to establish baseline health status before the
intervention. Instead, treatment for chronic conditions often in-
volves a succession of interventions and pharmacotherapy, with
baseline health status reset each time there is a change in therapy.
This makes it challenging to assess the impact of each intervention
on health status. Second, people with chronic conditions may well
have a long treatment history, and this may affect their responses
to any current intervention. Therefore, it is necessary to take ac-
count of treatment history in the evaluation. Third, for elective
surgery, follow-up (FU) data are often collected at 1 or 2 time
points, but for those with chronic conditions, there is no definitive
time (other than death) at which treatment can be said to be
completed. Evaluation necessitates use of long-term FU data.
We address these challenges in our analysis of care delivered to
chronic disease patients with rheumatoid arthritis (RA) and pol-
yarticular type of psoriatic arthritis (PsA) (“rheumatoid like”) in
Portugal. Patients receive treatment in specific rheumatology
centers and are invited to complete the Health Assessment
Questionnaire-Disability Index (HAQ-DI) before each biological
drug therapy has been initiated and afterward during ongoing FU
visits to the center. We use these questionnaires to assess whether
patient’s health status is related to their biological drug therapy
and to the rheumatology center responsible for their care.
Methods

Data

Information was retrieved from the Portuguese Register of
Rheumatic Diseases, collated by the Portuguese Society of Rheu-
matology.25 A article-based registry was set up in 2000 with the
goal of capturing demographic and clinical information about all
patients in Portugal with RA receiving biological drug therapies. In
2003, patients with spondyloarthritis, PsA, and juvenile idiopathic
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arthritis were also included. An electronic version of the registry,
Reuma.pt, became active in 2008 as a desktop application,
expanded to include patients receiving either biological or
nonbiological drugs. In 2012, it was replaced by an online version
(www.reuma.pt). Reuma.pt has been approved by the National
Data Protection Authority and Ethics Committees from rheuma-
tology centers and patients consented to be registered. As of May
2018, Reuma.pt included 74 rheumatology centers in public and
private hospitals and clinics and 18 042 rheumatic patients with
RA (39%), spondyloarthritis (18%), PsA (10%), juvenile idiopathic
arthritis (7%), or any of the other less frequent conditions (26%).

Figure 1 shows which patient records were extracted from the
registry to comprise the analytical sample for this study.

Our analytical sample was restricted to patients with RA or the
polyarticular type of PsA taking biological drug therapies because
these are 2 very similar groups of patients. In contrast to more
traditional drugs such as conventional synthetic disease-
modifying antirheumatic drugs (csDMARDs), biological drugs are
genetically engineered agents that target specific cells, cellular
interactions, and cytokines related to the inflammation process.31

Biological drugs are a relatively new type of therapy for patients
with inflammatory chronic rheumatic diseases, often prescribed
when csDMARDs do not show a significant effect on patient out-
comes. The medical decision to prescribe a biological drug is based
not only on clinical guidelines32,33 but also on clinical experience
and professional judgment. This means that rheumatology centers
may differ in their prescribing patterns and, hence, in the out-
comes that their patients experience.

Each biological drug has a recommended dosage and admin-
istration route. If intravenous injection, patients receive it at the
center; if subcutaneous injection, patients collect it at the center
and then administer it themselves at home. Patients undertaking
biological therapies were generally monitored every 3 to 6
months. As part of the monitoring process, patients were asked to
complete the HAQ-DI, among other outcome measures. HAQ-DI
was chosen because it captures patients’ functional status, which
is an important health dimension for these patients, and it has
been shown to discriminate well across levels of RA severity.34

Reuma.pt uses the Portuguese version of the short HAQ,35 which
was created and validated based on original proposals.36,37 The
short HAQ comprises a disability index, HAQ-DI, that can take any
values from 0 (no difficulty) to 3 (very severe disability). To
simplify the interpretation of the results, we inverted the HAQ-DI
scale so that higher values indicate better outcomes. Patients were
also asked to complete the Disease Activity Score with 28-joint
counts (erythrocyte sedimentation rate) (DAS-28 [ESR]), which
we also inverted for purposes of analysis. See Appendix Table A1
in Supplemental Materials found at https://doi.org/10.1016/j.
jval.2022.05.012 for more information about the HAQ-DI and
DAS-28 (ESR).

Only patients with HAQ-DI data at both baseline (before each
therapy is initiated) and at least one FU time were included in the
study. In addition, we included only those patients for whom
there was full information at baseline about the history of
csDMARDs, the DAS-28 (ESR), age, duration of the disease, sex,
smoking status, educational attainment, and job status. The
analytical sample comprises 913 patients with RA or polyarticular
type of PsA receiving from up to 11 different biological drugs in 26
different centers between 2000 and 2017. To assess the charac-
teristics of those with missing HAQ-DI data, we compare the pa-
tients in our main sample who completed the HAQ-DI at both the
baseline and at least one FU period with each of the following 3
samples: (1) those with only baseline HAQ-DI data, (2) those with
only FU HAQ-DI data, and (3) those with no baseline or FU HAQ-DI
data. Only patients with all characteristics were considered in
each sample. Pearson’s chi-squared test was performed for cate-
gorical variables; Student’s t test was used for continuous vari-
ables. The results show that the main and 3 subsamples are very
similar (see Appendix Tables A2-A4 in Supplemental Materials
found at https://doi.org/10.1016/j.jval.2022.05.012), thereby sup-
porting the assumption that missing HAQ-DI data are completely
at random.

Main Analysis

We specify a fixed-effects model using the least squares
dummy variables estimator to assess whether patient-reported
health status, as measured by HAQ-DI, varies according to the
biological drug they are taking and the rheumatology center
responsible for their care. Recognizing that patients are observed
on multiple occasions, standard errors are clustered at patient
level. The model takes the following form:

yijt ¼
XK
k¼1

gkVkijt1
XM
m¼1

dmWmijt1b0y
o
ijt1b1zijt1

XN
n¼1

lnXnijt1st1uj1εijt

(1)

where yijt indicates the patient’s HAQ-DI response at the relevant
FU time t (t = 3, 6, 12, 18 months), with i indexing patients and j
indexing centers.

Vkijt is a set of k categorical variables that indicate each bio-
logical drug (k = etanercept, adalimumab, tocilizumab, infliximab,
rituximab, golimumab, and a residual category, labeled “other,”
that comprises all other biological drugs, namely, certolizumab,
abatacept, ustekinumab, secukinumab, and anakinra), with eta-
nercept, the most common biological drug in the sample, acting as
the reference. These categorical variables capture the relationship
between reported health status and each biological drug. A posi-
tive coefficient bgk for biological drug k indicates that patients on
that drug report better HAQ-DI scores than those on etanercept,
bgE . We also calculate the percent change in magnitude for each
drug relative to the reference category. We do this by first esti-
mating the marginal effect (me) of each drug on HAQ-DI, which is
the mean patient’s predicted outcome for each drug adjusted to
the case mix of the entire estimation sample. This was determined
by using margins command in Stata/BE 17.38 The percent change is
calculated as: mek 2meE

meE
3100, for each biological drug k.

If patients have a long and complex history of either
csDMARDs or biological drug therapies, we expect them to report
worse health status. We control for this possibility by the set of m
variables denoted Wmijt . These variables include a count of pre-
vious biological drugs and a vector of dummy variables for each
sequence of previous biological drugs that contains 15 or more
observations (for more information, see Appendix Table A5 in
Supplemental Materials found at https://doi.org/10.1016/j.jval.2
022.05.012), a count of previous csDMARDs, and a vector of
dummy variables for each sequence of previous csDMARDs that
contains 15 or more observations (for more information, see
Appendix Table A6 in Supplemental Materials found at https://doi.
org/10.1016/j.jval.2022.05.012).

It is likely that those reporting better health and disease status
when starting the drug will report better health status at each FU
time. Hence, we account for the patient’s HAQ-DI, yoijt , and DAS-28
(ESR), zijt , before starting the biological drug therapy.

Other patient characteristics, namely, their diagnosis, age,
duration of the disease, sex, smoking status, educational attain-
ment, and job status, are captured by the set of n variables
comprising Xnijt .

We have also included a set of dummy variables, st , indicating
the FU time at which the HAQ-DI was completed with t = 6, 12, and

http://www.reuma.pt
https://doi.org/10.1016/j.jval.2022.05.012
https://doi.org/10.1016/j.jval.2022.05.012
https://doi.org/10.1016/j.jval.2022.05.012
https://doi.org/10.1016/j.jval.2022.05.012
https://doi.org/10.1016/j.jval.2022.05.012
https://doi.org/10.1016/j.jval.2022.05.012
https://doi.org/10.1016/j.jval.2022.05.012


Table 1. Descriptive statistics for the main sample.

Sample characteristics Mean (SD)/n

Total number of centers 26

Total number of patients 913

Number of patients per center 35 (60)

Total number of baseline HAQ-DI measures 1193

Total number of observations 3033

Variable name Mean (SD)/n (%)

HAQ-DI (inverted scale) at follow-up time 1.898 (0.659)

Biological drug therapy
Etanercept 374 (31)
Adalimumab 220 (18)
Tocilizumab 197 (17)
Infliximab 123 (10)
Rituximab 119 (10)
Golimumab 113 (9)
Other 47 (4)

Number of previous biological drug therapy* 1.636 (0.968)

Top 8 sequences of previous biological drug
therapies*
None 709 (59)
Etanercept 109 (9)
Infliximab 93 (8)
Adalimumab 53 (4)
Golimumab 23 (2)
Etanercept, adalimumab 17 (1)
Infliximab, etanercept 17 (1)
Tocilizumab 15 (1)

Number of previous csDMARDs* 2.331 (1.381)

Top 13 sequences of previous csDMARDs*
Methotrexate 345 (29)
Sulfasalazine, methotrexate 76 (6)
Methotrexate, sulfasalazine 67 (6)
Hydroxychloroquine, methotrexate 64 (5)
Methotrexate, leflunomide 61 (5)
None 41 (3)
Hydroxychloroquine, methotrexate,
sulfasalazine

32 (3)

Methotrexate, leflunomide, methotrexate 31 (3)
Methotrexate, sulfasalazine, methotrexate 28 (2)
Sulfasalazine, hydroxychloroquine,
methotrexate

28 (2)

Methotrexate, hydroxychloroquine,
methotrexate

19 (2)

Methotrexate, sulfasalazine,
hydroxychloroquine

18 (2)

Methotrexate, hydroxychloroquine 17 (1)

Baseline HAQ-DI (inverted scale)* 1.522 (0.626)

Baseline DAS-28 (ESR) (inverted scale)* 3.384 (1.254)

Diagnosis
Rheumatoid arthritis 793 (87)
Polyarticular type of PsA 120 (13)

Age (years)* 53 (12)

Duration of the disease (years)* 12 (9)

Sex
Female 752 (82)
Male 161 (18)

Smoking status
Never smoker 663 (73)
Current smoker 127 (14)

Continued in the next column

Table 1. Continued

Variable name Mean (SD)/n (%)

Ex-smoker 123 (13)

Educational attainment
Low (, secondary) 608 (67)
Medium (secondary/postsecondary) 126 (14)
High (bachelor/master/doctorate) 131 (14)
No education 48 (5)

Job status
Working (full/part-time) 408 (45)
Retired 383 (42)
Unemployed 59 (6)
Sick leave 63 (7)

Follow-up time (months)
3 792 (26)
6 838 (28)
12 778 (26)
18 625 (21)

csDMARDs indicates conventional synthetic disease-modifying antirheumatic
drugs; DAS-28 (ESR), Disease Activity Score with 28-joint counts (erythrocyte
sedimentation rate); HAQ-DI, Health Assessment Questionnaire-Disability
Index; PsA, psoriatic arthritis.
*At the beginning of every biological drug therapy.
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18 months and 3 months acting as the reference category. The
categorization of the FU time (3FU, 6FU, 12FU, and 18FUmonths) is
calculated as the difference in months between the dates of the
baseline and FU appointments for each therapy. Naturally, there is
variation in how much time elapsed between baseline and FU
visits, as shown in Appendix Figure A1 in the Supplemental Ma-
terials found at https://doi.org/10.1016/j.jval.2022.05.012. Patients
are allocated to a FU time if their visit falls within the following
windows: 2mths , 3FU , 5mths; 5mths , 6FU , 9mths; 9mths ,
12FU , 15mths; and 15mths , 18FU , 21mths, where mths in-
dicates months after the baseline visit.

The rheumatology center-specific effect is captured by uj, which
we interpret as ameasure of performance. A positive coefficient for
center c, (uc), indicates that patients from that center report better
health status than the reference center (ur), which was arbitrarily
defined as center 1. To assess the difference inmagnitude among all
centers, we estimate the marginal effect of each center on HAQ-DI
over and above the influence of all variables included in the
model. We use funnel plots to compare center performance.39,40

The adjusted HAQ-DI is plotted against the number of patients for
each center, with 95% (2 SDs) and 99.7% (3 SDs) control limits
indicating those centers in which patients report significantly
higher or lower HAQ-DI scores than the average. Centers located
above (below) the95%and99.7%control limits aredeemed tohavea
positive (negative) “alert” and “alarm” status, respectively, their
patients reportingmuchbetter (worse) health status thanexpected.

Finally, εij is a random error termwith the usual classical prop-
erties, εij wN (0, s2

ε
). In terms of model performance, we report the

adjusted R2 as a measure of goodness of fit and we examine the
histogram and Q-Q plot of the residuals from the regression model
to assess whether these were normally distributed.

Sensitivity Analysis

We conducted 3 sensitivity analyses to assess the robustness of
the treatment and center effects to the choice of analytical sample.
First, it is possible that patients with RA and those with poly-
articular type of PsA should not be pooled together in the same
analysis if there are distinct unobserved characteristics. Our first

https://doi.org/10.1016/j.jval.2022.05.012
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sensitivity analysis included only patients with a diagnosis of RA.
Second, some centers report data for few patients, so our second
sensitivity analysis excluded centers with HAQ-DI responses from
fewer than 15 patients. Third, patients do not always visit their
rheumatology center at each FU time and those that do might not
always complete the HAQ-DI. To examine this, we performed a
complete case analysis including only those patients with HAQ-DI
at every FU time.

To test robustness of results to these sensitivity analyses, we
examined the coefficients of the biological drug therapies and
calculated the Pearson’s correlation coefficient of the estimated
center effects across the 3 different subsamples: (1) only patients
with RA, (2) only patients within centers with 15 or more patients,
and (3) only patients with HAQ-DI at every FU time: 3, 6, 12, and
18 months. We also report descriptive statistics for these sub-
samples to compare them with the main sample. For more in-
formation, see Appendix Tables A7 to A9 in Supplemental
Materials found at https://doi.org/10.1016/j.jval.2022.05.012.
Results

Descriptive Statistics

Descriptive statistics of the main sample are presented in
Table 1.

The main sample encompasses 26 centers, 913 patients, and
3033 FU observations. Although 482 patients were on just a single
biological drug therapy throughout the study period, 431
switched drugs, with some doing so up to 7 times. A baseline
HAQ-DI was completed each time a new biological therapy was
initiated, yielding a total of 1193 baseline HAQ-DI measures, with
corresponding FU measures, although these were not always
collected for each of the 4 FU times.

Generally, patients reported improved functional status after
therapy, with the (inverted) average HAQ-DI score at each FU time
being higher than the baseline score.

The 6 biological drugs most commonly received by patients
were etanercept (31%), adalimumab (18%), tocilizumab (17%),
infliximab (10%), rituximab (10%), and golimumab (9%). On
average, patients had 1.6 biological therapies. Before starting any
biological drug therapy, the average patient had received 2.3
csDMARDs, with methotrexate being the most common.

The sample mostly comprised RA patients (87%), with 13% of
patients having polyarticular type of PsA. At baseline, the average
patient’s age was 53 years and they had the disease for 12 years.
Most patients were female (82%), were never smokers (73%), had
less than secondary education (67%), and were either working (full
or part-time) (45%) or retired (42%).

Regression Analysis

The coefficients and 95% confidence intervals (CIs) for the
biological drug therapy and rheumatology center in the main
sample are shown in Figure 2. The parameter estimates and
robust standard errors for all variables in all samples across the
main and sensitivity analyses are reported in Appendix Table A10
in Supplemental Materials found at https://doi.org/10.1016/j.jval.2
022.05.012, along with the adjusted R2 statistics all of which are
between 0.45 and 0.49. Both the histogram and Q-Q plot of the
residuals from the regression models resemble a normal distri-
bution (see Appendix Fig. A2 in the Supplemental Materials found
at https://doi.org/10.1016/j.jval.2022.05.012). For the main sample
(column 1 in Appendix Table A10 in Supplemental Materials
found at https://doi.org/10.1016/j.jval.2022.05.012), these multi-
variate estimates are also compared with those derived from
univariate analysis of each variable in Appendix Table A11 in
Supplemental Materials found at https://doi.org/10.1016/j.jval.2
022.05.012. The changes to the magnitude and significance of
the univariate estimates demonstrate the importance of control-
ling for other factors when assessing the relationship between 2
variables.

Comparative effectiveness of biological drugs
Figure 2 shows how the (inverted) HAQ-DI scores reported

at each FU time relate to the biological drug therapy, relative to
etanercept, the reference category. Compared with those on
etanercept, patients reported lower HAQ-DI scores if on inflix-
imab (10% lower, bgI = 20.185, P ,.01) or rituximab (7% lower,
bgR = 20.142, P ,.01). These significant negative effects remained
if analyzing only those with RA (column 2) or in centers
with $15 patients (column 3) but were not significant if
restricting the sample to those with complete FU measures
(column 4).

As Appendix Table A10 in Supplemental Materials found at
https://doi.org/10.1016/j.jval.2022.05.012 confirms, at P ,.001
level, there were only 3 other significant influences on HAQ-DI.
Higher FU HAQ-DI scores were reported by those with higher
HAQ-DI baseline scores, for younger patients, for men, and at the
18-month FU. These effects were also evident for each subsample.
In general, none of the variables capturing previous use of
csDMARDs or biological drugs individually proved significant in-
fluences on HAQ-DI at P , .001, although some were at lower
levels of significance. Nevertheless, taken together, the variables
measuring previous use of biological drugs were jointly significant
(F test P , .001), although this was not the case for the csDMARD
variables (F test P , .055).

Relative performance of rheumatology centers
The fixed-effects estimates of the performance of each center

with respect to the reference category (center 1) are shown in
Figure 2, with the funnel plot presented in Figure 3.

A total of 4 centers (9,11,16,19) lie above the 99.7%upper control
limit, indicating that their patients report significantly higher HAQ-
DI scores than those at other centers. The opposite is evident for 2
centers (3, 4) that lie below the 99.7% lower control limit. The
Pearson’s correlation coefficients indicate that the relative perfor-
mance of centers is robust to focusing solely on RA patients
r12 = 0.990 (95% CI 0.978-0.996) and to restricting analysis to only
thosecenterswith$15patients r13 =1.000 (95%CI0.998-1.000), but
is less robust to restricting the sample to patientswith complete FU
measures r14 = 0.617 (95% CI 0.193-0.846).
Discussion

This study exploited rich longitudinal registry data to assess
whether patients’ self-reported health status, measured using
HAQ-DI for those with inflammatory chronic rheumatic disease,
was related to their biological drug therapy and to the rheuma-
tology center responsible for their care. The evaluation necessi-
tated addressing 3 key challenges associated with assessing
changes in health status of those with chronic conditions. First,
patients regularly switch therapies, so determining the effect of
each therapy requires measuring health status every time a new
therapy is about to commence. This was possible because the
registry data contain baseline measures each time a patient
changes therapy. Second, treatment history may have an effect on
how patients respond to their current therapy. The registry data
included the previous use of csDMARDs and biological drugs,
allowing us to take this complex history into account by
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Figure 2. Forests plots with coefficients and 95% confidence intervals for the biological drug therapy and rheumatology center in (1) the
main sample and each sample in the sensitivity analysis, (2) only patients with rheumatoid arthritis, (3) only patients within centers of 15
or more patients, and (4) only patients with HAQ-DI at every FU time, 3, 6, 12, and 18 months. Please refer to Appendix Table A10 in
Supplemental Materials found at https://doi.org/10.1016/j.jval.2022.05.012 to assess parameter estimates and robust standard errors
for all variables in all samples across the main and sensitivity analyses.
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constructing indicator variables for sequences with at least 15
observations. An alternative could have been to disregard the
ordering of csDMARDs and biological drugs when considering
treatment history. Third, recognizing that treatment is an ongoing
process, patients were asked to report their health status during
FU visits held 3, 6, 12, and 18 months after commencing each
biological therapy.

Some of our results contrast with findings from previous
studies that have analyzed these registry data, but which focused
on the DAS-28 as the primary measure of outcome.41,42 Canhao
et al41 found no significant difference in DAS-28 among eta-
nercept, adalimumab, and infliximab, whereas we found that
patients on infliximab and rituximab report lower HAQ-DI scores
than those on etanercept. Romao et al42 reported tocilizumab to
be associated with better DAS-28 scores than etanercept, whereas
we found no significant difference when analyzing the HAQ-DI.
The contrasting insights when using the HAQ-DI suggest that it
should be considered alongside other outcome measures, in
particular if we are to value the opinion of patients about the care
they receive.6,43

The analyses identify 4 rheumatology centers inwhich patients
report significantly higher HAQ-DI scores than elsewhere, this not
being due the characteristics of the patients accounted for in the
regression models. These “positive outliers” may repay more
detailed investigation via qualitative research to identify why their
patients report better health status and, if this suggests good
practice, to share lessons across the sector.44,45 For example, it
may be that these centers are more effective than others at pre-
scribing the right biological drug therapy to their patients, orga-
nizing care, and managing the whole treatment process, including
acting within a reasonable time by switching the patient to
another biological drug therapy if showing a poor response to
current therapy.
Limitations

This study has limitations. First, rather than bespoke primary
data collection, we relied on secondary data for the analysis.
Secondary data are available at much lower cost, but may be less
accurate, although the comprehensiveness, detail, and accuracy of
registry data tend to exceed that of administrative data, and reg-
istry data have been recommended for use in evaluating the or-
ganization and delivery of healthcare.46-48 Second, in the main
analysis, we assumed missing HAQ-DI data across FU times to be
completely at random. If that is not the case, results may be
subject to selection bias in the form of nonrandom participation.
To address this issue, we conducted an analysis only of those
patients with complete FU records. Of course, perhaps these pa-
tients have complete records because they are different, requiring
closer monitoring of their condition. Reassuringly, most results
were not sensitive to focusing on this subgroup, but the negative
effects of infliximab and rituximab, relative to etanercept, became
insignificant. Third, the number of patients from the rheuma-
tology centers ranged from somewith.100 patients to some with
fewer than 15 patients. Nevertheless, results were robust to
excluding those centers contributing fewer patients to the study.
Fourth, patients are not randomly allocated to either therapies or
centers, compromising our ability to isolate the effects of therapies
and centers on outcomes. To address this, we accounted for a large
number of patient characteristics in the analysis, notably treat-
ment history, but this comes at the risk of model overfitting. This
concern informed our decision to include dummy variables for
each sequence of previous biological drugs or of previous
csDMARDs only if there were 15 or more observations. Finally,
although the registry provides extremely rich data, the study may
yet endure omitted variable bias. For instance, the patient’s post-
treatment health status may also be influenced by the care
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Figure 3. Funnel plot of the adjusted score of the HAQ-DI for the main sample. Hollow circles and associated numbers represent the
center IDs; dashed lines, 95% control limits; solid lines, 99.7% control limits.
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provided by primary and social care services, over and above that
provided by the rheumatology center. Such information is not
captured in the registry but might be identified through further
qualitative analysis of the positive outliers that our study has
identified.

Policy Implications

It is important to consider the patient’s perspective in the
assessments of the effectiveness of therapies and performance of
healthcare organizations. These assessments are more chal-
lenging when assessing chronic rather than acute conditions,
but this study benefited from using rich registry data that allow
these challenges to be addressed. This type of exercise would
give more insights if executed on a routine basis, perhaps as part
of an audit of healthcare organizations. For example, the analysis
could be run every year and findings published in an annual
report, perhaps publicly available, to promote accountability and
motivate quality improvement.49 This is more likely to be suc-
cessful if undertaken as a collaborative exercise among analysts,
healthcare professionals, and policy makers and by making use
of existing data.50 Research using registry data to evaluate
organizational performance remains in its infancy,46 but our
study provides evidence that national clinical databases can be
used for this evaluative purpose. Policy makers might encourage
participation in the evaluative exercise by rewarding organiza-
tions that monitor PROMs on a routine basis,14 and in the first
instance, promoting accurate and comprehensive data collection
might be more effective at generating improvement than
rewarding or penalizing those providers performing better or
worse than average.51,52
Conclusions

We assessed the associations among the HAQ-DI, biologic
drugs, and the rheumatology center in which care was delivered
to patients with inflammatory chronic rheumatic disease. PROMs
can be used for those with chronic conditions to provide the
patient’s perspective about the impact on their health status of
the choice of drug therapy and care provider. Care for chronic
patients might be improved if healthcare organizations monitor
PROMs and engage in performance assessment initiatives on a
routine basis.
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