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Improved clinical outcomes and 
physical activity in patients with 
rheumatoid arthritis treated with 
originator adalimumab in routine 
clinical practice

Background/Objective: We aimed at evaluating changes in habitual physical activity, disease activity and 
physical function following treatment with originator adalimumab (ADA

ORIG
) in patients with rheumatoid 

arthritis (RA) in routine clinical practice.

Methods: This observational study followed RA patients for 12 months, using the DAS28, HAQ-DI and 
Short QUestionnaire to ASsess Health-enhancing physical activity (SQUASH) instruments to measure 
disease activity, physical function and habitual physical activity, respectively. Associations of SQUASH 
scores with DAS28, HAQ-DI and socio-demographic factors were evaluated by correlation coefficients 
and multivariable regression analyses.

Results: From baseline to final visit, the mean SQUASH total score increased from 4772 ± 4132 to 6104 ± 
4921 (n=460), representing a 28% improvement in overall physical activity. Largest improvements were 
observed in the domains of leisure time and sport (42%), and activities at work and school (35%). Mean 
DAS28 and HAQ-DI scores decreased by 2.8 and 0.7 points, respectively, but a sizeable negative correla-
tion was found only between baseline SQUASH total score and HAQ-DI score (–0.30; p<0.0001). Advanc-
ing age was negatively associated with the final SQUASH total score (effect estimate of –46.2, p<0.05).

Conclusion: Improvements in habitual physical activity, disease activity, and physical function were ob-
served in RA patients after 12 months of ADA

ORIG therapy.
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to have positive effects on aerobic capacity and 
muscle strength [11], and to improve physical 
function [12] and HRQoL [13,14] without ex-
acerbating disease activity [12]. A long-term ex-
ercise program in RA patients lowered C-reactive 
protein levels compared with controls [15], with 
significant improvements apparent in microvas-
cular and macrovascular function as early as 3 
months into the program [16].

Together with optimal control of disease activity, 
the European League Against Rheumatism (EU-
LAR) guidelines recommend regular Physical 
Activity (PA), a healthy diet and smoking cessa-
tion in RA patients to reduce cardiovascular risk 
[17]. In 2018, EULAR formally advocated PA as 
an integral part of standard care for persons with 
inflammatory arthritis (RA and spondyloarthri-
tis) and osteoarthritis and issued specific recom-
mendations about the delivery and evaluation of 
PA interventions [18].

Introduction

Rheumatoid arthritis (RA) is a chronic 
inflammatory immune-mediated disease 
characterized by progressive symmetric 
polyarthritis with subsequent cartilage and 
bone destruction [1]. Joint pain, stiffness and 
articular damage impair patients’ daily physical 
functioning [2], which impacts negatively on 
their autonomy and work ability [3]. Despite 
exercise being considered beneficial and safe for 
RA patients, this group is less physically active 
than the general population [4-6]. Moreover, 
compared with the general population, RA 
patients also have a reduced health-related 
quality of life (HRQoL) [7], and are at greater 
risk of cardiovascular morbidity and mortality 
due to cumulative inflammatory burden and 
multiple other risk factors [8-10].

The benefits of exercise in RA patients have 
been well documented. Exercise has been shown 
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Biologic disease-modifying antirheumatic drugs 
have significantly improved the pharmacological 
treatment of RA [19-21]. Originator adalimum-
ab (ADAORIG) is a fully human Tumor Necrosis 
Factor (TNF) inhibitor monoclonal antibody 
which, in combination with methotrexate, has 
been shown in randomized controlled trials 
(RCTs) to improve outcomes in patients with RA 
as measured by disease activity, physical function, 
radiographic progression, and patient-report-
ed and workability outcomes [22-27]. During 
long-term follow up, ADAORIG demonstrated 
sustained effectiveness and a stable safety profile 
for up to 10 years of treatment [28]. In small 
uncontrolled studies in RA patients, ADAORIG 
was shown to have a positive effect on vascular 
endothelial dysfunction [29] and aortic stiffness 
[30], suggesting a protective role against vascular 
comorbidity.

Despite extensive research into the effects of bi-
ological therapy in RA, little is known about its 
possible impact on the extent of patients’ PA. 
This observational study was undertaken to as-
sess the level of habitual PA and its change over 
time in RA patients treated with ADA

ORIG in 
routine clinical practice in several Central and 
Eastern Europe countries. The relation of PA 
with disease activity, physical function and cer-
tain standard sociodemographic factors was also 
evaluated.

Methods

Study design and population

This was a 52-week multicentre, post-market-
ing, observational study conducted in seven 
countries in Central and Eastern Europe: Bosnia 
and Herzegovina, Estonia, Hungary, Romania, 
Russia, Serbia, and Ukraine. Participating sites 
were medical centres experienced in the biolog-
ical treatment of RA. Investigators were identi-
fied for possible participation in the study if a 
suitable patient population was available in their 
catchment area and if they were able to conduct 
the study in accordance with applicable legal and 
regulatory requirements. The study was approved 
by the local ethics committees of participating 
countries according to local law and regulations.

Eligible patients were adults >18 years of age with 
RA, diagnosed according to the 1987 American 
College of Rheumatology (ACR) [31] or 2010 
ACR/EULAR [1] classification criteria, who had 
been prescribed ADAORIG within ≤1 month of 
study enrolment independently of inclusion into 
the study.

Patients received ADAORIG 40 mg subcutane-
ously every other week according to the local 
product label and prescription and/or reimburse-
ment guidelines and were followed for up to 12 
months.

Evaluations were conducted at enrolment (base-
line, Visit 0), and then at 3 months (Visit 1), 
6 months (Visit 2), 9 months (Visit 3), and 12 
months (Visit 4), although the actual number 
and timing of follow-up visits were at the inves-
tigator’s discretion.

Informed consent was obtained from all study 
participants. Investigators have obtained appro-
priate institutional review board approval or have 
followed the principles outlined in the Declara-
tion of Helsinki for all human or animal experi-
mental investigations.

Assessments

RA disease activity was assessed by the Disease 
Activity Score-28 joints (DAS28), a composite 
measure of tender joint count and swollen joint 
count across 28 joints, Erythrocyte Sedimen-
tation Rate (ESR), and a patient’s health as-
sessment on a 0-100 mm visual analogue scale 
[32,33].

Physical function was measured by the Health 
Assessment Questionnaire Disability Index 
(HAQ-DI) [34].

Physical activity was assessed using the Short 
QUestionnaire to ASsess Health-enhancing 
(SQUASH) physical activity, a validated pa-
tient-reported questionnaire designed to mea-
sure levels of habitual PA [35]. Participants were 
asked to recall (for an average week in recent 
months) the number of days spent per week en-
gaged in the activities, the average time (hours 
and minutes) spent per day on the activities, and 
the intensity at which they did the activity (low, 
moderate, high) in four domains: commuting 
activities (SQUASH-A), leisure time and sport 
activities (SQUASH-B), household activities 
(SQUASH-C), and activities at work or school 
(SQUASH-D). Based on patients’ self-reported 
effort, activities were given an intensity score 
(ranging from 1 to 9) and activity scores were 
calculated by multiplying the total minutes of 
activity by the intensity score, with higher scores 
indicating a greater level of health-enhancing PA. 
The reliability and validity of SQUASH to assess 
daily PA have previously been demonstrated in 
patients with Ankylosing Spondylitis (AS) [36] 
and osteoarthritis [37].The instrument is avail-
able in several languages.
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Statistical methods

Analyses were performed in the population 
of subjects who received ≥ 1 dose of ADA

ORIG 
(hereafter referred to as the study population). 
Descriptive statistics were used: mean ± Standard 
Deviation (SD) for continuous parameters and 
absolute (n) and relative (%) frequency distribu-
tions for qualitative data.

For assessments over time, analyses by visit (Vis-
its 1–4) were performed (observed case), comple-
mented by a Last Observation Carried Forward 
(LOCF) analysis based on patients with a base-
line value and ≥ 1 follow-up assessment.

The association between SQUASH scores and 
DAS28

ESR scores, HAQ-DI scores, and socio-
demographic factors was evaluated using mul-
tivariable regression analyses and correlation 
coefficients, supported by subgroup analyses. 
Pearson correlation coefficients were calculated 
for SQUASH scores and DAS28

ESR or HAQ-
DI scores at baseline (V0), at V4-LOCF and 
for changes between V0 and V4-LOCF. Socio-
demographic factors considered in the analysis 
were: age ≥ 18 years as a continuous variable; 
binary variables of gender (male or female), edu-
cation (less than high school, high school, more 
than high school), and occupation (manual or 
non-manual).

All statistical analyses were conducted using SAS® 
version 9.2 (SAS Institute, Cary, NC, USA).

Results

Patient disposition and baseline 
characteristics

A total of 462 patients were enrolled in the study: 
Bosnia and Herzegovina (n=15; 3.2%); Estonia 
(n=11; 2.4%); Hungary (n=221; 47.8%); Roma-
nia (n=120; 26.0%); Russia (n=90; 19.5%); Ser-
bia (n=4; 0.9%); and Ukraine (n=1; 0.2%). Two 
patients were excluded from analyses because no 
treatment with ADAORIG within the study was 
documented.

Approximately three-quarters of patients com-
pleted 12 months of ADAORIG treatment; reten-
tion rates per study visit were 97.6% at 3 months 
(n=449), 88.7% at 6 months (n=408), 80.9% at 
9 months (n=372), and 73.5% at 12 months 
(n=338). Main reasons for treatment discontinu-
ation were investigator decision (n=69; 15.0%), 
patient request (n=19; 4.1%), or adverse event 
(n=19; 4.1%).

The mean duration of ADAORIG treatment in the 

study population was 319 ± 94.1 days. Baseline 
demographic and clinical characteristics of the 
study population (n=460) are summarized in Ta-
ble 1. Mean age (± SD) was 53.9 ± 12.1 years, 
and 82.2% of patients were women. Patients 
were mainly employed (38.7%) or regularly re-
tired (32.6%), although a relevant proportion 
was permanently work disabled (22.0%). About 
one-quarter of the study population (26.7%) had 
current comorbid cardiovascular disease. Patients 
had established disease (mean duration since 
diagnosis of 7.8 ± 7.5 years) and, at baseline, 
had highly active disease (DAS28

ESR 6.1 ± 1.1) 
and moderate to severe functional impairment 
(HAQ-DI 1.6 ± 0.6). Most patients (n=431; 
93.7%) were receiving other RA-specific medi-
cations at the time of inclusion, most commonly 
methotrexate (n=296; 64.3%).

Clinical outcomes of disease activity and 
physical function

The mean DAS28
ESR score for disease activity de-

creased from 6.1 ± 1.1 at baseline to 2.9 ± 1.0 
at final visit, representing an absolute change of 
–3.2 points. Improvement in disease activity was 
most pronounced within the first 3 months of 
ADAORIG treatment, followed by more gradual 
but continued improvement to final visit (Figure 
1). Similarly, the mean physical function HAQ-
DI score decreased from 1.6 ± 0.6 at baseline to 
0.7 ± 0.5 at final visit, representing an absolute 
change of 0.9 points. Improvement was most 
pronounced in the first 3 months of ADAORIG 
treatment, followed by more gradual but contin-
ued improvement to final visit (Figure 2).

At final visit, 37.4% of evaluable patients (n=334) 
were in clinical remission (DAS28

ESR 
<2.6) and 

66.2% had low disease activity (DAS28
ESR 

<3.2).

Physical activity

The SQUASH total score increased from base-
line to final visit, showing improvement in over-
all habitual PA during ADAORIG treatment. Im-
provements were seen in all SQUASH domains 
except for commuting activity (Figure 3).

At baseline, the highest SQUASH score was in 
the subdomain of leisure time and sport activi-
ties (1927.8 ± 2673.1), followed by household 
activities (1792.5 ± 1704.7). Scores for work and 
school activities and especially commuting activ-
ities were lower at 676.9 ± 1459.5 and 340.2 ± 
977.2, respectively.

The mean SQUASH total score increased from 
4747.8 ± 4203.5 at baseline to 6063.4 ± 4913.6 
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at final visit, representing a 28% improvement 
in mean overall habitual PA. The overall increase 
in the SQUASH total score was mainly due to a 
42% increase in the leisure time and sport activi-
ties subscore (V4 score of 2728.3 ± 3401.9). The 
subscore for work and school activities increased 
by 35% to 916.8 ± 1911.0, and the subscore for 
household activities increased by 14% to 2037.7 
± 1815.2. A small 4% decrease to 327.0 ± 721.3 
was observed in the commuting activities sub-

Figure 2. Change in physical function (mean HAQ-
DI score) during 12 months’ treatment with ADAORIG. 
ADAORIG: originator adalimumab; HAQ-DI: Health 
Assessment Questionnaire Disability Index; V0: 
Visit 0, baseline; V1: Visit 1, 3 months; V2: Visit 2, 6 
months; V3: Visit 3, 9 months; V4: Visit 4, 12 months 
(observed case); V4 LOCF: Visit 4, last observation 
carried forward.

Table 1. Baseline demographic and clinical characteristics of the study population (n=460).
Characteristic Value
Age, years 53.9 ± 12.1
Female gender 378 (82.2)
RA disease duration (since diagnosis), years 7.8 ± 7.5
Rheumatoid factor positive 354 (81.0)
Anti-cyclic citrullinated peptide antibody positive 288 (70.2)
Employment status
Employed and working outside home 
Employed and working at home 
Unemployed but seeking work 
Permanently work disabled 
Regularly retired
Attending school or university

163 (35.4)
15 (3.3)
23 (5.0)
101 (22.0)
150 (32.6)
8 (1.7)

Current RA-specific treatment 
Methotrexate 
Methylprednisolone 
Leflunomide
Sulfasalazine

431 (93.7)
296 (64.3)
115 (25.0)
110 (23.9)
88 (19.1)

Current comorbidity (incidence >10%) 
Cardiovascular disease 115 (26.7)
Other musculoskeletal disease
Endocrine/metabolic disease

52 (12.8)
45 (10.8)

DAS28ESR 6.1 ± 1.1
HAQ-DI 1.6 ± 0.6
SQUASH total 
SQUASH-A, commuting activities  
SQUASH-B, leisure time activities  
SQUASH-C, household activities 
SQUASH-D, activities at work and school

4747.8 ± 4203.5 
340.2 ± 977.2 
1927.8 ± 2673.1 
1792.5 ± 1704.7 
676.9 ± 1459.5

Values are expressed as mean  ±  SD or as number (per cent). 
DAS28, Disease Activity Score-28 joints;  HAQ-DI, Health Assessment Questionnaire  
Disability Index; RA, rheumatoid arthritis; SD, standard deviation; SQUASH, Short Questionnaire to Assess 
Health-enhancing physical activity.

Figure 1. Change in disease activity (mean DAS28 
score) during 12 months’ treatment with ADAORIG. 
ADAORIG: originator adalimumab; DAS28: Disease 
Activity Score-28 joints; V0: Visit 0, baseline; V1: 
Visit 1, 3 months; V2: Visit 2, 6 months; V3: Visit 3, 
9 months; V4: Visit 4, 12 months (observed case); 
V4 LOCF: Visit 4, last observation carried forward.

score, which was the lowest score at baseline and 
throughout the study (Figure 3).

Relation of physical activity with disease activity 
and physical function

Weak negative correlations were observed be-
tween the SQUASH total score/subscores and 
DAS28

ESR scores at baseline and final visit (V4 
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LOCF), indicating a general trend of enhanced 
PA with lower disease activity. Although statisti-
cal significance was reached in some cases, cor-
relation coefficients (r) were all below 0.3, indi-
cating a small effect size.

Similarly, weak negative correlations (r= -0.1 to 
-0.3) were observed between the SQUASH total 
score/subscores and HAQ-DI scores at baseline 
and final visit (V4 LOCF), suggesting a trend 
towards enhanced PA with improved physical 
function. The strongest correlation was between 
the SQUASH total score and HAQ-DI score at 
baseline (–0.30; p< 0.0001).

Among sociodemographic factors only age 
showed a significant negative effect on the final 
SQUASH total score with an effect estimate of 
–46.2 (p<0.05), indicating that each 1-year in-
crease in age above 18 years reduced the SQUASH 
total score by an average of 46.2 points. No sub-
stantial association with SQUASH scores was 
observed for gender, education or occupation.

Discussion

This prospective, multicountry, multicentre, 
observational study demonstrated a substantial 
increase in daily PA level in RA patients treat-
ed with ADA

ORIG for up to 1 year, in conjunc-
tion with improvements in standard measures 
of disease activity and physical function. Among 
evaluated sociodemographic factors (age, gender, 
education, occupation), only advancing age was 
found to have a significant negative association 
with the level of habitual PA at study end.

There is solid evidence for the benefits of PA in 
RA patients in terms of improved disease- spe-
cific and non-specific outcomes; PA may also 

help alleviate increased cardiovascular risk in 
RA [38]. However, patients with RA are gener-
ally less active than healthy controls [4-6], not 
only due to fear of pain, disease exacerbation 
and joint damage by exercising, but also because 
of lack of awareness and education [39]. Given 
the evidence for the effectiveness, feasibility and 
safety of regular PA, it is now formally promoted 
by EULAR as an integral part of standard care 
throughout the course of inflammatory arthritis 
and osteoarthritis [18].

Effective treatment to reduce disease activity and 
improve functional capacity might imbue RA 
patients with the confidence to undertake life-
style changes, including regular PA. However, 
data regarding the level of PA in patients with 
RA are largely lacking, and even more so are data 
regarding possible improvement under various 
treatments. This study was undertaken to eval-
uate changes in the level of daily habitual PA in 
RA patients during treatment with ADA

ORIG in 
clinical practice.

The self-reported SQUASH questionnaire was 
selected as the instrument to measure PA in our 
study because it is relatively simple to perform 
and evaluates PA in all the crucial domains (rec-
reation and sport, household, work or school, 
commuting) [40]. SQUASH has been shown to 
have acceptable construct validity and moderate 
to high test-retest reliability in healthy popula-
tions [35,41]. It has also been tested in patients 
after hip arthroplasty and in patients with AS, 
where it was found to have a superior re-test 
reliability to another similar self-report ques-
tionnaire [36,42]. By taking into account the 
frequency, duration and intensity of engaging in 
each activity, the subscores calculated for each 
SQUASH domain can be compared and provide 
an idea of the extent of PA performed in each 
activity type.

At baseline, the greatest contributor to patients’ 
overall habitual PA was time involved in leisure 
time and sport activities (SQUASH-B subscore; 
41%), followed closely by household activities 
(SQUASH-C; 38%). The contribution to overall 
PA by work and school activities (SQUASH-D; 
14%) and especially by commuting activities 
(SQUASH-A; 7%) was considerably lower. The 
mean SQUASH total score increased by 28% at 
study end, which corresponded with 12 months’ 
follow-up of ADAORIG therapy. The highest rel-
ative and absolute increase was observed in the 
leisure time and sport activities subscore which 
increased by 42% or 800 points, respectively. 

Figure 3. Change in physical activity (mean SQUASH 
score and subscores) during 12 months’ treatment 
with ADAORIG. ADAORIG: originator adalimumab; 
SQUASH: Short QUestionnaire to ASsess Health-
enhancing physical activity; SQUASH-A: commuting 
activities; SQUASH-B: leisure time and sport 
activities; SQUASH-C: household activities; 
SQUASH-D: activities at work and school. V0: Visit 
0, baseline; V1: Visit 1, 3 months; V2: Visit 2, 6 
months; V3: Visit 3, 9 months; V4: Visit 4, 12 months 
(observed case).
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The work and school activities subscore increased 
by 35%, but originally was much lower and the 
absolute increase was 240 points. The subscore 
for household activities increased by 14% (245 
points), while that for commuting activities, 
which was the lowest throughout the study, de-
creased by 4% (13 points) at final visit compared 
to baseline.

We were unable to identify any comparable data 
in RA patients and the minimal or clinically 
important difference (or similar threshold) has 
not yet been determined for the SQUASH total 
score/subscores. In a validation study involving 
63 patients with AS, the mean SQUASH total 
score in the patient group was higher than the 
final score in our RA population (7267 ± 3453 
vs 6063 ± 4914) [36]. However, among the 33 
AS patients who participated in a reliability sub-
study, SQUASH total scores were lower for both 
the initial test (5769 ± 3360) and re-test (5600 ± 
7540) than the final total score in our RA pop-
ulation [36]. Patients included in this cross-sec-
tional study had low disease activity, minimal 
functional impairment, and 70% were receiving 
TNF inhibitors. Based on this information in AS 
patients, an indirect comparison suggests that 
the increase in the SQUASH total score we ob-
served in our RA patients was substantial. Inter-
estingly, in both patient groups, the majority of 
PA occurred as leisure time and sports, followed 
by work and school activities in AS patients and 
by household activities in our RA group, thus re-
flecting the expected gender and age distribution 
in these respective diseases.

Clinically important improvements in disease ac-
tivity and physical function were achieved with 
ADAORIG therapy in our study. At the final visit, 
almost 40% of patients were in DAS28 clinical 
remission and two-thirds had low disease activi-
ty, while the mean HAQ-DI score for physical 
function was close to normal. However, apart 
from the correlation between the HAQ-DI score 
and SQUASH total score at baseline (–0.30; 
p<0.0001), no other sizeable correlations could 
be observed between PA and disease activity or 
physical function scores. This differs from the 
previously mentioned cross-sectional study in 
AS, where the SQUASH total score correlated 
with disease activity, physical function, spinal 
mobility and quality of life [36].The absence of 
stronger associations in our study might be ex-
plained in part by the observational nature of 
study, the relatively long follow-up and missing 
data at final visit.

Nevertheless, all correlation coefficients in our 
study were in the expected direction (negative), 
indicating that PA generally increased with lower 
disease activity and improved physical function.

PA is a complex, multifactorial and multidimen-
sional exposure variable, which complicates pop-
ulation-based measurement [43]. We considered 
possible associations between PA and the sociode-
mographic factors of age, gender, education and 
occupation. Of these, only age was found to have 
a significant negative relation to total PA level at 
study end such that, with each 1-year increase in 
age, the final SQUASH total score was reduced 
by 46 points. Van der Goes and colleagues in-
vestigated factors hindering PA levels in patients 
with long-standing (median 15 years) RA [44]. 
In a multivariate model, a higher DAS28 score, 
higher level of structural damage, higher age, and 
higher body mass index negatively influenced PA 
levels as measured by SQUASH, partially corre-
sponding with our results.

One might speculate that improvements in PA 
may be enhanced if supported by an educational 
program. It is worth noting that, at the time of 
inclusion, more than half the study population 
were reported as permanently work disabled 
or retired, and these patients were not exclud-
ed from the analyses. The demographics of the 
study population likely also explains the low 
commuting scores, although this type of activity 
may be influenced by several other factors less 
modifiable by treatment.

The study was limited by its observational design 
which can introduce selection bias and provides 
a lower evidence level than RCTs. Moreover, the 
self-assessment nature of the SQUASH ques-
tionnaire is a potential source of memory and 
ascertainment bias. Conversely, observational 
studies in clinical practice provide valuable in-
sights into the real-world disease burden, disease 
management and behaviour of patients with RA. 
As most patients were receiving medications for 
RA in addition to ADAORIG, only limited conclu-
sions can be drawn about its effectiveness.

In conclusion, our study showed that ADAORIG 
treatment in RA patients in routine clinical 
practice in Central and Eastern Europe led to 
improvements in PA, along with improvements 
in disease activity and physical function. Cor-
relation was observed only between the PA total 
score and physical function score at baseline. In-
creasing age was found to be negatively associat-
ed with the overall level of PA.
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The study is registered at ClinicalTrials.gov 
(ClinicalTrials.gov identifier: NCT01756235).
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