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Abstract Medication adherence is believed to be a major
contributor to treatment outcomes yet studies quantifying
this relationship as rare in rheumatoid arthritis (RA). To
determine the association of adherence to DMARD therapy
with treatment outcomes among new and existing DMARD
users over 2 years. Relevant clinical parameters were
obtained from a longitudinal cohort of RA patients, most of
who were treated with combination therapy. Patients were
classified as adherent if the proportion of days covered for
each DMARD was >80%. Outcome measures were the
change in the disease activity score in 28 joints (DAS28),
simplified disease activity index (SDAI), modified health
assessment questionnaires (mHAQ) and proportion of
patients who achieved response criteria. An inverse propen-
sity-score weighting method was used to estimate the asso-
ciation of adherence with each outcome. Of 194 patients
invited, a total of 111 patients (new =45 and existing =66
DMARD users) met study eligibility. DMARD-naive
patients demonstrated relatively higher rates of adherence
compared to existing users. After controlling for confound-
ing variables, adherence was significantly associated with
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reduction in DAS28 (f=-1.5, 95% CI of f=-2.17 to
—0.83, p<0.0001), SDAI (f=-9.44,95% CI of f=—15.53
to —3.35, p=0.002) and mHAQ (#=-0.269, 95% CI of
p, —0.462 to —0.077, p=0.017) over 2 years among new
patients and adherent patients were more likely to achieve
most response criteria compared to non-adherent patients.
Such associations were not replicated among existing
DMARD users. Adherence to combination DMARD ther-
apy was associated with improvements in disease activity
and functional outcomes in the first 2 years of therapy.
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Introduction

Drug therapy is the cornerstone of disease management
and it is likely that good adherence is required for the full
benefit of therapy to be realised [1]. However, inadequate
medication adherence is common in clinical practice. In
rheumatoid arthritis (RA), rates of adherence to disease-
modifying antitheumatic drugs (DMARDs) are highly vari-
able, ranging from 30 to 107% for conventional DMARDs
and 41 to 90% for biological agents [2—4].

The effect of medication adherence on treatment out-
comes has been studied extensively in a number of chronic
illnesses [5]. In RA, the literature regarding the relationship
between adherence to DMARD and treatment endpoints is
very limited [6-8]. In addition, the findings of prior stud-
ies may be limited in their applicability to the contempo-
rary treat-to-target (T2T) strategy as they were focused on
exploring the effect of single medication adherence, ignor-
ing the dynamic nature of the T2T strategy. T2T strategy
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is a goal-driven process, whereby treatment is intensified
until a pre-defined target disease activity is achieved [9].
In the setting of the T2T strategy, wherein use of multiple
medications, treatment intensifications and switching drugs
is very common, information regarding adherence to the
entire treatment package, not just a single drug, is likely to
be more useful.

We have described previously the physician adherence
to a T2T strategy and found a strong association between
adherence to T2T and long-term treatment outcomes
[10-12]. Likewise, patients’ adherence to medications may
have a role in determining the outcome of treatment follow-
ing a T2T strategy. Furthermore, the relationship between
adherence and treatment outcomes may be dependent on
whether patients are new to treatment or established users.
Therefore, in a cohort of DMARD-naive and experienced
patients receiving combination DMARDs according to
an intensive T2T strategy, we aimed to determine the rate
of medication adherence and its association with various
treatment endpoints over 2 years.

Patient and methods
Study cohort and data source

The study population was drawn from a longitudinal obser-
vational cohort of RA patients at the Royal Adelaide Hos-
pital Early Arthritis Clinic, a tertiary referral hospital in
Adelaide, Australia. All consecutive patients attending
the clinic during the study period (between May 2014 and
June 2015) were invited to participate. Patients gave writ-
ten informed consent for Pharmaceutical Benefits Scheme
claims data to be obtained from the Australian Govern-
ment Department of Human Services to determine medi-
cation adherence. The corresponding treatment outcomes
and patient data were extracted from the custom-built Early
Arthritis Clinic database at study hospital. Patients were
excluded if they did not give consent; had incomplete or
unsigned forms or their clinical and treatment data were
unavailable. Ethics approval was obtained from the Univer-
sity of South Australia (protocol n0.0000031928) and the
Royal Adelaide Hospital (protocol no.140303) for the lon-
gitudinal observational cohort and for the linkage of pre-
scribing data.

Treatment strategy

The characteristics of the study cohort, treatment
approaches, and other relevant clinic logistic have been
described elsewhere [10, 12, 13]. Briefly, at baseline,
patients underwent a full clinical examination and a vari-
ety of laboratory investigations were performed, including
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rheumatoid factor (RF) and anti-cyclic citrullinated pep-
tide (ACPA) titers, erythrocyte sedimentation rate (ESR),
C-reactive protein, and shared epitope status. At each visit,
patients rated their level of pain, fatigue and disease activ-
ity on 100-mm visual analogue scales (VAS) with higher
scores representing greater symptoms and completed a
questionnaire that assessed physical function (assessed by
modified health assessment questionnaires, mHAQ, rated
on 0-3 scale, lower score representing better functioning)
[14] and helplessness (assessed by the Rheumatology Atti-
tudes Index, scores range from 5 to 25, lower scores indi-
cating lesser degree of helplessness) [15]. Physician global
assessment (PhGA) (100 mm VAS, 100 mm=worst rat-
ing) was obtained. Disease activity according to the disease
activity score in 28 joints (DAS28) based on the ESR (rate
0-9.4 scale, lower scores indicate less severe disease) [16]
and simplified disease activity index (SDAI) (rated on a
0-86 scale, lower scores indicates less severe disease) [17]
was calculated.

All patients were treated according to a protocolized
T2T strategy with an initial therapy comprising methotrex-
ate (MTX) (dose range 10-25 mg/week), hydroxychlo-
roquine (HCQ) (400 mg/d) and sulfasalazine (SSZ) (dose
range 500 mg/d-3g/d). Patients were reviewed every 3
weeks in the first 3 months, then every 6 weeks. If a pre-
defined goal of therapy representing lower disease activ-
ity (DAS28 <2 0.6) was not achieved, further DMARDs
including leflunomide, gold by injection, cyclosporine A
and/or biological DMARDs were added sequentially. Sin-
gle doses of corticosteroids (intra-articular if a specific
joint was troublesome or intra-muscular if symptoms were
more generalized) were used if needed to reduce disease
activity, while oral corticosteroids and non-steroidal anti-
inflammatory drugs were actively discouraged. Visit fre-
quency was reduced to every 3—6 months once the target
level of disease activity was achieved.

Medication adherence

Adherence was assessed according to the proportion of
days covered (PDC) method using data from Australian
Pharmaceutical Benefits Scheme dispensing claims. PDC is
the proportion of days covered by prescription claims dur-
ing a given measurement period. Accordingly, dispensing
claims data between November 2010 and July 2015 were
obtained and the data over the first 2 years since the index
date were analysed in this study.

PDC approach is preferred over other methods when
multiple medications are prescribed concurrently [18].
Given the pattern of medication consumption was differ-
ent for each patient, we first created a medication usage
pattern using a similar approach proposed by Choudhry
et al. [18]. As a result, three distinct patterns of use were
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identified: treatment with only one drug without adding or
switching drug (monotherapy), concurrent therapy without
addition or switching drug or concurrent therapy with add-
ing or switching drug (Online appendix 1). Then, for each
patient, time arrays were created for each prescription and
the number of days covered by the prescription fills was
determined.

Next, medication adherence was measured as outlined
below. Continuous measures of adherence were calculated
using two approaches: (1) Adherence with at least one
DMARD (PDC-1): the rate of adherence was the propor-
tion of days in the follow-up period that a patient was in
possession of at least one DMARD. (2) PDC-average: for
patients taking more than one medication, adherence was
calculated for individual DMARDs separately and then
the average PDC was determined as described in Online
appendix 1. In the case of discontinuation or addition of a
new drug, assessment of adherence was limited to the time
period during which that medication was intended to be in
use. In the case of switching, the original and the new drug
were considered interchangeable (i.e. the new drug was
considered as the continuation of the prior drug).

Traditionally, consumption of 80% of prescribed medi-
cations has been considered an acceptable level of adher-
ence in many chronic diseases. Accordingly, adherence
status were created using an 80% cut-off point by three
different methods: using PDC-1 (adherent if PDC-1 was
>80%, non-adherent if PDC-1was <80%), using PDC-aver-
age (adherent if PDC-average was >80%, non-adherent if
PDC-average was <80%) and using PDC of all DMARDs
(PDC-all) (adherent if PDC for each DMARD was >80%
and non-adherent if PDC of any DMARD was <80%).

Outcome measures

The primary endpoints were an absolute change in DAS28,
SDAI and mHAQ scores over 2 years from the index
date. The secondary endpoints were the proportion of
patients who achieved a European League Against Rheu-
matism (EULAR) moderate (change in DAS28 of >0.6)
or good response (change in DAS28 of >1.2) [19], SDAI
minor (50% improvement), moderate (70% improvement)
and major responses (85% improvement) [1] and mini-
mally clinically important differences (MCID) in mHAQ
(improvement of >0.22) [20].

Statistical analysis

Descriptive statistics were reported as appropriate. Base-
line variables were compared using Chi-squared test for
categorical variables and Mann—Whitney test for continu-
ous variables. For analytical convenience and interpretation
purposes, we used the categorized version of adherence.

We used the PDC-all as it is the most stringent adher-
ence measure. Given that baseline characteristics of adher-
ent patients may differ systematically from non-adherent
patients, the effect of adherence cannot be estimated by
directly comparing outcomes between the adherent and
non-adherent patients. To get an unbiased estimate, it’s
important to ensure that the assignment to adherence
groups is independent of measured baseline covariates
[21]. We used the inverse propensity score weighting
(IPSW) method to create a new sample where the distribu-
tion of baseline covariates is comparable between adherent
and non-adherent patients [22].

This method comprises two steps. The first step involves
estimating the propensity scores, which is the probability
that a patient would be assigned to a specific adherence
group conditional on measured baseline covariates [21]. It
is determined using binary logistic regression considering
adherence status as an outcome variable and all baseline
covariates as independent variables. We used an iterative
process whereby the specification of the propensity model
was modified until the best balancing score was obtained
[22]. Once the accurate propensity score was obtained,
the entire study sample was weighted based on the inverse
of the propensity score where the weight for the adherent
patient was equal to the inverse of the propensity score
while the weight for the non-adherent patient was equal
to the inverse of 1 minus the propensity scores. As a diag-
nostic test to confirm the balance of covariates, we used a
graphical illustration using box plots and a statistical test
for comparing the distribution of baseline covariates before
and after applying weighting.

Finally, once the balance of the baseline covariates was
achieved, we determined the relationship between adher-
ence and each primary and secondary outcome using
inverse propensity score weighted generalized estimating
equations (GEE) modelling with robust variance estimator
and logit (for the dichotomous outcome) or linear link func-
tion (for the continuous outcomes). Follow-up variables,
including the pattern of DMARD use and the number of
DMARDs prescribed, were also included in the model.
A separate analysis was done to determine the effect of
adherence amongst new and existing DMARD users. The
analysis was performed using Statistical Package for Social
Sciences (SPSS) for Windows version 23.0 (SPSS Inc.,
Chicago, IL, USA).

Result
Patient cohort

From a total of 194 patients, 111 patients (45 new and 66
existing DMARD users) were included. Fifty-eight patients
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did not return the informed consent forms, 11 returned
incomplete consent forms and 14 had insufficient clini-
cal and treatment data to be included (Online appendix
2). There were no significant differences in patient demo-
graphic, clinical characteristics and patient-reported out-
comes between included and excluded patients at base-
line (Table 1). The included patients were mostly female
(64.0%) and RF (64.9%) and ACPA positive (60.4%).
Existing DMARD users had median treatment duration of
more than 5.5 years before the index date, lower disease
activity, and patient-reported outcomes at index date com-
pared to DMARD-naive patients (Table 1).

After the index date, only 5.4% of the patients added or
switched drugs while the remaining patients continued tak-
ing their initial DMARDs throughout the follow-up period
(88.3% with concurrent therapy containing >2 drugs and
6.3% with a single drug). The most frequent drug regimen
used was MTX/SSZ/HCQ with or without leflunomide
(59% of patients) followed by a regimen containing any
two of MTX, SSZ, HCQ, LEN or gold injection (11.7% of
patients). Only 8.1% of the cohorts used biological agents
during the study period.

Medication adherence
The level of adherence depended on the definition used.

Adherence according to PDC-1 classified most patients
as adherent while adherence status according to PDC-all

Table 1 Baseline patient characteristics

resulted in a lower estimate of adherence. In the DMARD-
naive patients, the mean adherence ranged from 88.4 to
98.9%, respectively, for PDC-average and PDC-1, and
the proportion of patients who were classified as adherent
according to PDC-all, PDC-average and PDC-1 were 62.2,
80.0, and 100.0%, respectively. On the other hand, the pro-
portion of adherent patient ranged from 34.8 to 83.3% for
existing DMARD users depending on the definition used
(Online appendix 3).

Unweighted and inverse propensity score weighted base-
line characteristics according to adherence status (PDC-
all >80 vs. <80%) are shown in Table 2. The mean (SD)
weight of propensity score was 2.0 (1.1), and the mini-
mum and maximum weights were 1.10 and 8.12, respec-
tively. Before weighting was applied, several variables were
significantly higher in adherent patients. However, after
weighting, all baseline variables were balanced between
adherent and non-adherent patients (Table 2). Further
details on balance diagnostic using boxplot for compar-
ing the distribution of baseline covariates before and after
weighting are available from the authors on request.

Medication adherence and treatment outcomes

Patients starting therapy will have a major change in dis-
ease activity but patients on established therapy will have
little change as their improvement happened earlier. Con-
sistent with this, DMARD-naive patients demonstrated

Excluded patients (n=83)

Total (n=111)

Characteristics Included patients (n=111)

Treatment status

Naive (n=45) Existing (n=66)
Female (%) 51.1 72.7%
Age (years) 56.3 (46.7-63.5) 59.9 (52.7-67.3)
BMI (kg/m?) 27.6 (24.2-30.1) 26.2 (23.9-28.4)

Ever smoker (%)

RF positive (%)

ACPA positive (%)
Treatment duration (years)£
DAS28 (0-9.4)

SDAI (0-86)

PhGA (0-100mm)
mHAQ (0-3)

Pain VAS (0-100 mm)
Fatigue VAS (0-100mm)
Helplessness RAI (5-25)

51.1

64.4

68.9

NA
3.8(3.24.9)
17.6 (8.2-26.3)
26.0 (12.8-38.0)
0.250 (0.688)
28.0 (7-57.5)
27.0 (6-63.0)
12.0 (9-16.0)

439

64.0
57.6 (50.3-66.2)
26.6 (23.9-29.1)
46.8

75.6
53.3 (42.7-66.9)
27.9 (24.6-30.8)
52.6

65.2 64.9 66.7

54.5 60.4 64.9

5.9 (3.8-8.6) 3.1 (0.0-6.6) 1.74 (0.4-4.1)
2.6 (2.1-3.3)* 3.1(234.1) 2.9 (2.0-3.7)
5.1 (2.8-9.9)* 8.0 (4-18.4) 6.5 (3.7-9.5)
5.5 (2-12.0)* 10.0 (3-26.0) 11.0 (3-16.3)
0.023 (0-144)* 0.125 (0.375) 0.125 (0-0.375)
10.8 (2.8-26.3)* 15.5 (4-35.0) 9.5 (3-29.3)
18.2 (5.5-31.0) 22.0 (6-40.0) 15.5 (6-34.3)
9.2 (5-11.0)* 10.0 (7-14.0) 9.0 (5-14.0)

BMI body mass index, NA not applicable, RF rheumatoid factor, ACPA anti-citrullinated peptide antibody, DAS28 disease activity score in 28
joints, SDAI simplified disease activity index, PhGA physician global assessment, mHAQ modified health assessment questionaries, VAS visual

analogue scale

*P <0.05; £Years since starting treatment before the index date; Continuous variables are presented as median (IQR)
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Table 2 Unweighted (original sample) and inverse propensity score weighted baseline characteristics according to adherence status (PDC-all

>80 vs. <80%)

Characteristics Unweighted sample Weighted sample*
Adherent (n=51) Non-adherent (n=60) P value Adherent (n=111) Non-adherent (r=113) P value

Female (%) 62.7 65.0 0.805 60.6 70.9 0.295

Age (years) 59.0 (53.0-68.1)  57.1 (48.8-63.9) 0.175  60.1 (55.3-69.3)  55.0 (48.4-62.5) 0.050

Body mass index (kg/m?) 26.6 (24.1-30.3) 26.5 (23.9-28.3) 0.246  26.6 (24.1-30.7)  26.2 (22.5-28.0) 0.135

Current and former smoker (%) 43.1 50.0 0470 43.7 44.7 0.921

Rheumatoid factor positive (%) 68.6 61.7 0.444  66.2 68.7 0.802

Anti-cyclic citrullinated peptide 64.7 56.7 0.388 60.9 65.1 0.682
antibody positive (%)

Treatment duration (years)Jf 1.1 (0-4.6) 4.5 (1.6-8.4) <0.0001 3.6 (0.1-6.6) 3.3 (0.5-6.5) 0.694

DMARD-naive (%) 54.9 28.3 0.004 374 43.5 0.557

Disease activity score in 28 joints 3.7 (2.5-4.7) 2.7 (2.2-3.4) 0.001 3.3(2.34.2) 3.0 (2.34.4) 0.559
(0-9.4)

Simplified disease activity index 14.7 (6.4-25.2)  5.5(3.4-13.9) 0.001 9.7 (4.9-18.4) 7.8 (3.9-20.5) 0.618
(0-86)

Physician global assessment 16.0 (4.0-33.0)  7.5(3.0-19.0) 0.022 9.0 (2.7-25.0) 12.0 (4.0-28.0) 0.761
(0-100 mm)

Modified health assessment ques-  0.125 (0-0.625)  0.125 (0-0.250) 0.215  0.045 (0-0.375) 0.125 (0-0.371) 0.834
tionnarie (0-3)

Pain visual analogue scale 18.0 (4.0-49.0)  14.5(3.3-30.5) 0.227 18.0(3.7-31.8) 15.9 (4.2-35.0) 0.98
(0-100 mm)

Fatigue visual analogue scale 22.0 (6.0-47.0) 21.5 (6.5-32.8) 0.817 17.6 (6.0-40.0) 24.0 (9.0-62.0) 0.252
(0-100 m)

Helplessness (rheumatology atti- 11.0 (8.0-16.0) 9.5(11.9) 0.025 10.7 (5.0-13.7) 10.0 (7.0-14.6) 0.916

tudes index, 5-25)

*The sum of the sample weights for the ‘adherent’ and ‘non-adherent’ group was 111 and 113, respectively

"Years since starting treatment before the index date; Continuous variables are presented as median (IQR)

larger improvements compared to existing users: the mean
(SE) changes in DAS28, SDAI and mHAQ were —1.79
(0.22), —13.65(1.81) and —0.336 (0.07), respectively, vs.
—0.16 (0.07), —0.94(0.59) and 0.001 (0.02), respectively.

A significantly larger proportion of DMARD-naive
patients fulfilled response criteria compared to experi-
enced patients. Moderate and good EULAR responses
were achieved by 75.6 and 60.0% of the naive patients,
respectively, while the minor, moderate and major SDAI
responses were fulfilled by 64.4, 57.8 and 44.4% of
patients, respectively, while the MCID for mHAQ was
achieved by 48.9%. In existing patients, the proportion of
patient who achieved response criteria ranged from 34.8 to
83.3% depending on the criteria used (Online appendix 4).

The effect of medication adherence on treatment out-
comes after controlling for differences in baseline vari-
ables using IPSW and adjustment for follow-up variables
are shown in Table 3. The effect of adherence differed
depending on treatment status. In DMARD-naive patients,
adherence had a positive and significant effect on treatment
outcomes. Accordingly, adherence was associated with sig-
nificant reductions in DAS28 (f=-1.5, p<0.0001), SDAI

(f=-9.44, p=0.002) and mHAQ (f=-0.269, p=017).
Furthermore, adherent patients were significantly more
likely to achieve EULAR moderate (OR=9.37, p=0.013),
EULAR good (OR=4.78, p=0.033), SDAI minor
(OR=6.50, p=0.024) and SDAI moderate (OR=5.82,
p=0.031) responses compared to non-adherent patients.
In existing patients, however, adherence was neither asso-
ciated with the absolute change scores nor achievement of
response criteria (Table 3).

Discussion

The major finding of this study is that the relationship
between adherence and treatment endpoints was depend-
ent on the stage of therapy. After adjusting for confound-
ing factors, adherence was significantly associated with
improvements in disease activity and physical functional
outcomes among DMARD-naive patients but not among
existing users. Furthermore, new DMARD users demon-
strated relatively higher rates of adherence over 2 years
compared to existing users. Physician adherence to T2T
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Table 3 Inverse propensity score weighted GEE model: the effect of adherence on absolute change scores and response criteria over 2 years
(weighted sample)*

Change score DMARD-naive Treatment-experienced

B (SE) 95% CI of B P value B (SE) 95% CI of B P value
DAS28 —1.50 (0.34) —-2.17 to —0.83 <0.0001 —0.27 (0.14) —0.54 t0 0.0 0.054
SDAI —9.44(3.10) —15.53to -3.35 0.002 —0.85 (1.20) -3.21to 1.51 0.480
mHAQ —0.269 (0.10) —0.462 to —0.077 0.017 0.054 (0.04) —0.017 t0 0.126 0.138

Response criteria OR 95% CI of OR P value OR 95% CI of OR P value
EULAR moderate 9.37 1.61 to 54.52 0.013 1.35 0.42 to 4.35 0.617
EULAR good 4.78 1.13t0 20.11 0.033 1.30 0.11 to 15.48 0.833
SDAI minor 6.50 1.28 t0 33.0 0.024 1.57 0.47t05.21 0.465
SDAI moderate 5.82 1.17 to 28.84 0.031 0.76 0.16 to 3.57 0.726
SDAI major 3.76 0.83 to 16.98 0.085 0.47 0.04 to 5.51 0.544
MCID for mHAQ 4.58 0.95 to0 21.94 0.057 3.52 0.08 to 143.80 0.507

*Pattern of DMARD use and number of DMARDs prescribed during the follow-up were also included in the model. The sum of the sam-
ple weights for the ‘all cohorts’, ‘treatment naive’ and ‘treatment experienced’ patients were 223, 90 and 133, respectively; EULAR Euro-
pean League Against Rheumatism, DAS28 disease activity score in 28 joints, SDAI simplified disease activity index, MCID minimally clini-
cally important differences, mHAQ Modified health assessment questionaries, GEE generalized estimating equations; Moderate EULAR
response =change in DAS28 of >0.6; Good EULAR response =change in DAS28 of >1.2; Minor SDAI response =50% improvement in SDAI;
Moderate SDAI response=70% improvement in SDAI; Major SDAI response=85% improvement in SDAI; MCID for mHAQ =change in

mHAQ of >0.22

strategy has also been associated with disease activity and
functional outcomes [23]. Although a cause and effect rela-
tionship cannot be inferred conclusively from this analysis
because of the observational nature of the study, the find-
ings suggest that adherence is a critical factor contributing
to the outcome of treatment, especially in the early stages
of contemporary RA therapy.

Adherence is believed to be the main contributor to
treatment outcome in many clinical settings [5]. In RA,
the relationship between medication adherence and treat-
ment outcomes has not been widely explored [6-8]. As
in our study, Cannon et al. found that adherence to MTX
was positively associated with the change in disease activ-
ity measured by the DAS28. However, unlike our findings,
adherence was not associated with improvements in physi-
cal function and its effect was not dependent on whether
patients were new to treatment or existing users [6]. This
could be attributed to differences in the treatment strategy
used or the way adherence was measured. In other studies,
non-adherence was also associated with a poorer disease
activity outcome [7, 8].

Possible explanations for the lower rate of medication
adherence and lack of association between adherence and
treatment outcomes in existing DMARD users include the
following. Over the course of treatment, it is likely that
response to therapy decreases [24, 25] particularly as dis-
ease activity lessens. Consistent with this, the mean dura-
tion of therapy before the time period in which adherence
was assessed in existing DMARD users was more than 6
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years, by which time, drug therapy (and therefore increas-
ing adherence) has a less pronounced effect on outcome. In
addition, the disease in the later years may be influenced by
non-inflammatory causes of pain such as secondary fibro-
myalgia and osteoarthritis so these are less responsive to
DMARD:s. In addition, at later stages of therapy, the dura-
tion between clinic visits was longer which might provide
greater opportunity for non-adherence to medication. On
the contrary, in the first few years of therapy, our patients
were reviewed frequently to allow adjustment of therapy in
response to disease activity which might have encouraged
better adherence. For most patients, much of the improve-
ments in disease activity usually occurred in the early stage
of therapy, and therefore the effect of adherence was more
likely to be apparent. Finally, for analytical convenience
when applying the propensity score method, we used 80%
cut-point to define adherence. Among existing DMARD
users, a higher adherence threshold than the 80% cut-point
might be needed to observe a significant beneficial effect of
adherence.

The clinical significance of this study is the strong evi-
dence linking medication adherence to treatment outcome,
particularly immediately after diagnosis, which has been
recognised as a critical period of RA management. This
finding supports the ‘window of opportunity’ hypoth-
esis, wherein effective disease control in the early stages
of disease is a good indicator of long-term sustained ben-
efits [26]. Therefore, efforts to increase medication adher-
ence could improve the outcomes of treatment in RA. One
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such strategy could be more objective measures monitor-
ing medication adherence along with routine assessments
of disease activity and patient outcomes at follow-up clinic
visits [27]. Future studies exploring suitable options for
measuring adherence and its effectiveness when following
a T2T strategy are needed.

The strengths of our study include its longitudinal
design, the well-characterised cohort with comprehensive
assessment of treatment outcomes and potential confound-
ers available for analysis, measurement of adherence to the
multiple medications used in the T2T strategy rather than
to a single medicine, analysis according to the experience
with therapy and the long follow-up period.

This study should be interpreted in the context of the fol-
lowing limitations. First, while dispensing claims data are
believed to provide a valid estimate of medication adher-
ence, it does not prove that the prescribed medication was
actually consumed. The estimate is based on the assump-
tion that a failure to collect prescriptions indicates the
patient will not have taken their medication [18]. Second,
one of the challenges in estimating the effect of adher-
ence on outcomes is the difficulty in untangling the effect
of adherence and the effect of confounding variables that
might affect adherence status or the outcome itself [28].
To account for this, we have applied the propensity score
weighting method. Propensity score-based methods have
been used extensively for estimating causal effects in
observational studies [21, 22]. However, due to lack of ran-
domisation, this method still does not confirm a definitive
cause-effect relationship. Third, our measurement of adher-
ence and treatment outcome were at two-time points (i.e. at
index date and 2 years later), and as such the dynamic inter-
active effects between time-varying adherence, confound-
ing variables and treatment outcomes over time has not
been accounted for [29]. Fourth, our current analysis did
not take into account different patterns of adherence that
might have existed in this cohort. Future work identifying
the trajectories of adherence over time may provide better
insight into the relationship between patterns of adherence
and treatment outcomes. Furthermore, as the sample size
in this study was small and they were all recruited from a
single hospital, it is difficult to draw a valid generalization.

Conclusion

In conclusion, the rate and effect of adherence var-
ied depending on whether patients were new or existing
DMARD users. We found that adherence was positively
associated with improvements in disease activity and func-
tional outcomes among DMARD-naive patients. Among
existing DMARD users, a higher adherence threshold than

the 80% cut-point we used to define adherence might be
needed to observe a similar beneficial effect of adherence.
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