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CT

Objective: To evaluate the 18-month post-intervention efficacy following a four-month 

individually tailored, behavioral intervention on daily sitting time in patients with rheumatoid 

arthritis (RA). The four-month post-intervention results showed that patients in the intervention 

reduced their daily sitting time, improved patient-reported outcomes and total cholesterol levels 

compared to the control group.

Methods: In an observer-blinded randomized trial, 150 RA patients were included. During four 

months, the intervention group (n=75) received three motivational counselling sessions and 

tailored text messages aimed at increasing light-intensity physical activity through reduction of 

sedentary behavior. The control group (n=75) maintained usual lifestyle. Primary outcome was 

change from baseline to 18 months post intervention in objectively measured daily sitting time 

(ActivPAL). Secondary outcomes included changes in clinical patient-reported outcomes and 

cardio-metabolic biomarkers. A mixed effect repeated measures ANCOVA model in the intention-

to-treat population was applied. 

At 22-months follow-up from baseline, 12 participants were lost to follow-up. Compared 

to baseline, sitting time in the intervention group decreased 1.10 h/day, whereas it increased by 

1.32 h/day in the control group; between-group difference of -2.43 h/day (95%CI: -2.99;-1.86; 

p<0.0001) favoring the intervention group. For most secondary outcomes between-group 

differences favored the intervention: VAS-pain: -15.51 mm (-23.42;-7.60), VAS-fatigue: -12.30 

mm (-20.71;-3.88), physical function: -0.39 HAQ-units (-0.53;-0.26), total cholesterol: -0.86 (-

1.03;-0.68), triglyceride: -0.26 (-0.43;-0.09) and average glucose: -1.15 (-1.39;-0.91) mmol/l.

Conclusion: Eighteen months after intervention, patients in the intervention group were still 

significantly less sedentary than controls. Findings suggest that a behavioral approach is beneficial 

for promoting long-term physical activity and health in patients with RA.

Keywords: Sedentary behavior, rheumatoid arthritis, physical activity, motivational counselling, 

behavioral changes.

Trial registration: ClinicalTrials.gov (NCT01969604)
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SIGNIFICANCE AND INNOVATIONS

 A substantial amount of scientific literature has accumulated reporting the negative health 

consequences of too much sitting, regardless of otherwise engagement in moderate to vigorous 

physical activity

 The majority of patients with rheumatoid arthritis are more sedentary than the general 

population. Replacing sedentary behavior with light-intensity physical activity has been 

suggested to patients with decreased physical function and mobility limitations

 This health promotion strategy proved effective in reducing daily sitting time, improving self-

reported clinical outcomes and cardio-metabolic health in patients with rheumatoid arthritis 

immediately after a four-month behavioral intervention consisting of motivation counselling 

and text message reminders  

 This paper reports the long-term effects of the behavioral intervention, still proving significant 

differences in daily sitting time, self-reported clinical outcomes and cardio-metabolic health in 

intervention participants compared to controls 

CTION

Although advocated as a supplement to the pharmacological treatment, patients with rheumatoid 

arthritis (RA) rarely meet recommended levels of moderate to high intensity aerobic training and 

resistance training (1). Increases in moderate to vigorous physical activity (MVPA) in patients 

with RA have been targeted in a number of exercise training and behavior change interventions (2-

4). However, cross-sectional studies have shown that patients with RA spend 71%-92% of their 

waking hours sedentarily (5;6), e.g. sitting or reclining with low energy expenditure (< 1.5 A
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metabolic equivalents [METs])(7). In comparison, it has been reported that the general population 

spent up to 62% of their daily awaken time in sedentary behaviors (5).

Sedentary behavior has been linked to mortality and poor cardiovascular and 

metabolic health in the general population (8-10) and with cardiovascular disease in patients with 

RA (11). Accordingly, a broader understanding of physical activity and the associated health 

outcomes has emerged, including replacing daily sedentary behavior with light-intensity physical 

activity through common daily activities (e.g. standing, stepping, domestic chores) (12). This 

approach has been advocated to patients with chronic disease and mobility limitations (13-15), for 

whom replacing sedentary behavior with light-intensity activities may be a more suitable conduit 

than the sole promotion of MVPA. Intervention studies have provided some evidence that it is 

possible to reduce daily sitting time in different settings and populations of adults through a 

variety of interventions (16-20).

Limited evidence of the effect of reducing sedentary behavior in patients with RA 

led to the commissioning of a randomized controlled trial (RCT) (21). A feasibility study 

confirmed that an individually tailored behavioral intervention targeting reduction of sedentary 

behavior was feasible and acceptable to patients with RA (22). The subsequent RCT demonstrated 

that the intervention was effective for improving health-related quality of life (HR-QoL), general 

self-efficacy, physical function, pain, fatigue and cholesterol levels compared to an usual-lifestyle 

control group over a four-month period (23).

However, long-term health effects related to the intervention is unknown. Hence, the 

objective of the present study was to evaluate the 18-month post-intervention efficacy of the four-

month individually tailored, behavioral intervention, the results of which have been published 

previously (21;23).

 AND METHODS

Study design

A single-centre, two-arm observer-blinded RCT, to which participants were recruited in the period 

of March 2013 to August 2014. The trial was conducted in accordance with the Declaration of 

Helsinki and the principles of good clinical practice, including written informed consent from the 

participants. The Ethics Committee of the Capital Region of Denmark (H-2-2012-112) gave 

ethical approval and the protocol was reported to the Danish Data Protection Agency (711-1-08). 
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The trial was registered with ClinicalTrials.gov (NCT01969604) on 13th of Oct 2013. For details 

of methods, see (21).

The DANBIO database (24) was searched for potential participants at the rheumatology outpatient 

clinic at Rigshospitalet, Glostrup. Inclusion criteria were age >18 years, RA duration >1 year (25), 

Health Assessment Questionnaire (HAQ)-score <2.5, access to a mobile phone, 

understanding/speaking Danish, and reported sitting time >5 hours/day. Exclusion criteria were 

HAQ-score >2.5, pregnancy, and >8 hours of vigorous physical activity per week.

 blinding

All participants were randomly assigned (1:1) to either an intervention group (n=75) or a control 

group (n=75). Randomization was performed by an external collaborator using computer 

generated, random numbers in blocks of ten. The allocation sequence was concealed from the 

principal investigator (TT) through a password-protected computer file accessible only by the 

external collaborator. It was not possible to blind participants and project staff delivering the 

intervention to allocation status, whereas all data was collected by blinded outcome assessors.

Intervention and control group

In brief, the four-month intervention consisted of 1) three individual motivational counselling 

sessions, and 2) 0-5 individual text messages per week (21). 

The intervention aimed to increase light-intensity physical activity through reduction 

of sedentary behavior. It was based on behavioral choice theory (26), constructs of the Social 

Cognitive Theory, i.e. self-efficacy (27), and motivational interviewing techniques (28). In the 

first counselling session (at week 1) the participants set individual behavioral goals and made 

action plans for reduction of daily sitting time. At the two later counselling sessions (at week 3 and 

10, respectively) attainment of the behavioral goals was reviewed and the goals were modified, 

and/or new ones were set. The participants were provided with oral and written information about 

the health benefits of reducing daily sitting time (16;21;22). 

Immediately after each counselling session, a communications specialist drafted text 

messages to the participants reminding them of their individually set behavioral goal(s). The 

participants made individual decisions on the frequency and time of the text messages. A
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Participants randomized to the control group were encouraged to maintain their usual 

lifestyle. 

Outcome measures

Two occupational therapists, blinded to allocation status, assessed outcomes at four time points; at 

baseline, at post intervention (after four months) (23) at six-months post intervention and at 18-

months post intervention. There was no contact between any of the participants and the project 

staff in time between the post-intervention follow-up assessments. The primary outcome measure 

was change from baseline to 22 months in daily sitting time, which was measured by an ActivPAL 

3TM v.7.2.32 Activity Monitor (PAL Technologies, Glasgow, UK) (29), which the participants 

wore for seven days at each assessment The ActivPAL uses accelerometer-generated information 

about thigh position to derive posture-based indices of sitting/lying time and has been validated in 

a population of patients with RA (30). The participants registered their daily sleeping time in order 

to separate this from sitting/lying in waking time. 

Secondary outcomes were changes from baseline to 22 months in the following 

variables: self-reported daily sitting time at work and during leisure time  (Physical Activity Scale 

2.1 [PAS 2.1]) (31); Number of  “breaks” in daily sitting time (ActivPAL); Pain (Visual Analogue 

Scale [VAS]) (32); Fatigue (VAS and the 20-item Multidimensional Fatigue Inventory [MFI 20]) 

(33); Physical function (Health Assessment Questionnaire [HAQ]) (34); Health-related quality of 

life (HR-QoL) (Short Form (36) Health Survey [SF-36]) (35) and general self-efficacy (General 

Self-Efficacy Scale [GSES]) (36). Height was measured at baseline. Hip circumference, body 

weight, and waist circumference were measured at baseline and after 22 months and body mass 

index (BMI, kg/m2) and waist-hip-ratio were calculated. Resting blood pressure was measured and 

venous blood sample (not fasting) was drawn and serum total cholesterol, high-density lipoprotein 

cholesterol (HDL), low-density lipoprotein cholesterol (LDL), triglycerides and estimated average 

glucose (eAG) were measured (eAG calculation was calculated automatically and reported in the 

Laboratory Information System using the formula eAG (in mmol/L) = 1.59 * HbA1c (in %) - 

2.59).

Medical and socio-demographic information

We retrieved data from the DANBIO database regarding the participants’ pharmacological 

treatment, duration of RA, C-reactive protein (CRP) and disease activity (DAS-28 score). 

Additional questionnaire data included participants’ self-reports regarding demography, lifestyle 

and medical history via a questionnaire.A
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Data management

All data (except for blood test results and ActivPAL-data) was entered directly into the DANBIO 

database by the participants and the two assessors via a tablet and stored encrypted and in 

unidentifiable form. ActivPAL-data were processed using the ActivPAL software, version 7.2.32. 

Periods spent sleeping or not wearing the monitor were excluded. We considered the validity of 

the ActivPAL measurement to be acceptable if it included a minimum of four full days (24 hours) 

of measurement.

Power and sample size

We assumed that the intervention group would reduce their daily sitting time by 50 minutes based 

on a study from Kozey-Keadle et al. (19). The standard deviation (SD) for estimation of sample 

size was based on ActivPAL-data from our previously conducted feasibility study (N=20 patients 

with RA) (22), in which the average daily sitting time at baseline was 10.13 (SD 1.7) hours. For a 

two-sample pooled t-test of a normal mean difference with a two-sided significance level of 0.05, 

assuming a common standard deviation of 102 minutes, a sample size of 67 patients per group was 

required to obtain a power of at least 80% to detect a group mean difference of 50 minutes. We 

decided to enroll 150 patients in total, corresponding to a reasonable power (84.7%) to observe a 

mean between-group difference of 50 minutes.

Statistical methods

The data for primary and secondary outcome measures were analyzed according to the intention-

to-treat principle; participants allocated to a specific group was followed, assessed and analyzed as 

members of that group irrespective of their compliance to the planned course of treatment. To 

evaluate the longitudinal effects of the intervention, all outcome measures were analyzed using a 

multilevel repeated measures random effects model. We assessed the effect of treatment group and 

time as well as their possible interaction (Group × Time), by applying both treatment group and 

time as systematic (fixed) factors, and used the baseline value as a covariate to reduce random 

variation and increase power (37). A mixed linear Analysis of covariance (ANCOVA) model was 

applied enabling repeated measurements, fitted in R using the function lmer() from the package 

lme4 (38), based on restricted maximum likelihood (REML) estimates of the parameters; in this 

model, patient (‘PtID’) was applied as the random factor. To assess the adequacy of the linear 

models describing the observed data we investigated the model features via the predicted values A
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and the studentized residuals; that is, the residuals should be normally distributed (around 0) and 

be independent of the predicted values.

The primary analyses were based on the data as they appeared in the database, and 

thus referred to as ‘As Observed Analysis’. By using these data in a linear mixed effects model 

framework approach the statistical inference will be valid under the assumption that the data is 

‘Missing At Random’ (MAR). This method for repeated-measures ANCOVA adjusts the means at 

each time point for potential biases resulting from missing observations being dependent on values 

of the outcome at other time points or baseline value of the covariate.

To assess whether results robust against missing data, we performed a sensitivity 

analysis using a basic imputation technique, replacing missing data with the value at baseline 

carried forward (39), which is potentially valid even if the data is ‘Not Missing at Random’ 

(NMAR), assuming that those who dropped out regressed towards baseline. Categorical data for 

dichotomous end points were analyzed based on the Risk Difference (between the proportions in 

each group); with 95% CI, the chi-square test was applied to evaluate statistical significance 

between groups.

Participant flow

Participants underwent a follow-up examination at month 22 (18 months after end of intervention). 

Details of enrolment, randomization and treatment adherence over time are shown in Figure 1. 

After 22 months, three participants had withdrawn from the intervention group compared to seven 

from the control group. Additionally, there were two deaths in the control group. Thus, outcomes 

were obtained for 138 (92%) of the original cohort.

Participant characteristics, data quality and adherence

Table 1 reports baseline characteristics. The majority of participants were female (n=121, 81%). 

The mean age was 59.6 (SD 11.7) years ranging from 24 to 83 years. On average, the participants 

spent 9.3 (SD 1.9) hours of their day in sitting/lying posture. Compared to controls, the 

intervention group had one hour more of daily sitting time (9.8 hours vs 8.8 hours). 

One participant had missing ActivPAL data because of defective recording 

(intervention), one participant did not return the monitor after measurement (control) and one 

participant declined to wear the monitor again after the baseline measurement (control). Together A
cc

ep
te

d
 A

rt
ic

le



This article is protected by copyright. All rights reserved

with the respective number of withdrawals from each group, it left valid ActivPAL data from 71 

participants in the intervention group and 64 participants in the control group at 22 months. All 

intervention participants completed the three individual motivational counselling sessions and 

accepted text message reminders. 

Primary outcome – daily sitting time

Comparison of changes in behavioral and self-reported outcomes, anthropometric and cardio-

metabolic outcomes at 22 months are presented in Table 2. Daily sitting time had decreased in the 

intervention group by on average 1.10 hours/day and increased in the control group by on average 

1.32 hours/day. The between-group difference in change was statistically significant (-2.43 

hours/day (95% CI, -2.99 to -1.86)), favoring the intervention group.

Figure 2 illustrates group changes in daily sitting time over time from baseline to 4, 

10 and 22 months, respectively. The reduction in sitting time immediately post intervention was 

slightly attenuated six and 18 months post intervention in the intervention group, whereas sitting 

time increased at both time points in the control group. The intervention group replaced their daily 

sitting time with both increased standing and stepping time with between-group differences in 

change of 0.93 hours/day and 0.33 hours/day at 18 months follow-up, respectively (Table 2).

In the intervention group 43 (57%) participants had reduced their daily sitting time 

by at least 50 minutes, compared to 7 (9%) in the control group.

Secondary outcomes

For the intervention compared to the control group, participants significantly decreased self-

reported daily sitting time at work and during leisure time. Moreover, the intervention favored the 

intervention group in terms of self-reported fatigue, pain, HR-QoL, physical function and general 

self-efficacy (Table 2 and Figure 3). There were no statistically significant differences for the 

number of sit/stand transitions (“breaks”).

Regarding anthropometric and cardio-metabolic outcomes, the changes in total 

cholesterol, triglycerides and estimated average glucose were statistically significant in favor of 

the intervention group (-0.86, -0.26 and -1.15 mmol/l, respectively). For the rest of the 

anthropometric and cardio-metabolic measures, no statistically significant differences were found, 

but the numerical differences in change were all in favor of the intervention group (Table 2). 
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DISCUSSION

We have evaluated the long-term outcomes of an individually tailored, behavioral intervention 

compared with usual lifestyle in patients with RA. Results regarding the primary outcome, daily 

sitting time, were encouraging with a between-group difference in change of 2.4 hours in favor of 

the intervention group. Differences in change for most patient-reported outcomes and for total 

cholesterol were also sustained, still in favor of the intervention group. In addition, in this long-

term follow-up, we also found statistically significant differences in change of levels of 

triglycerides and average glucose favoring the intervention group, as opposed to immediately 

following the intervention, where no statistically significant between-group differences for these 

outcomes were observed. Our results are important on more than one level; first, this is the first 

trial to specifically target if, and to which degree, reduction in daily sedentary behavior and 

increase in physical activity of light intensity can be achieved in patients with RA. Second, we 

included a long-term evaluation of this health promotion approach. 

Patients with RA have described different and individual contributors to daily sedentary behavior 

with fatigue, pain and disability being the most prominent (40). Thus, we found it important that 

the  present intervention was individualized and targeted a low-intensity physical activity behavior 

that was possible to overcome even on days dominated by fatigue, pain and decreased mobility.  

The focus on reducing sedentary behavior and replacing it with light-intensity physical activity 

together with the individual and everyday life perspective may explain the sustained effect of the 

intervention.

While evidence is rapidly accumulating that it is possible to reduce daily sitting time 

through a variety of interventions in healthy adults (16-20), there is limited evidence of 

interventions aiming to reduce sedentary behavior in populations with chronic diseases. In our 

trial, the intervention group decreased daily sitting time by 1.6 hours four months from baseline 

(23), and was able to maintain this reduction up to 22 months from baseline (average reduction of 

1.1 hours/day in the intervention group). This is consistent with results from a recent randomized 

controlled trial employing video-coaching and a study website in order to motivate patients with 

multiple sclerosis to reduce daily sitting time (41). A reduction in daily sitting time of 1.65 

hours/day in favor of the intervention group was reported, although  on a short-term basis (six 

months post intervention) (41). Moreover, sitting time was measured by self-reports, i.e. with a 

risk of reporting bias that may limit the direct comparison with the results of our trial. A
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Replacing sedentary behavior with increased standing and stepping time has also 

recently gained attention in patients with chronic obstructive pulmonary disease (COPD) (42;43). 

Orme et al. (2018) (42) recently reported good feasibility and participant acceptability of a two-

week intervention using written and verbal information combined with vibration prompts from a 

waist-worn inclinometer. However, no significant changes were documented in sedentary bouts or 

light physical activity (42) calling for a longer follow-up period for this group of patients, who are 

challenged by symptoms limiting motivation and performance in daily physical activities, as are 

patients with RA. 

Recent studies have shown that regular interruptions of prolonged sitting positively 

influence cardio-metabolic biomarkers, e.g. postprandial glycaemia (44) and blood pressure (45). 

In our trial, while the total daily sitting time was reduced significantly, there was no significant 

change in the number of daily sit-to-stand transitions. This may indicate that when the participants 

interrupted their sitting time, they replaced it with longer bouts of activity (standing/stepping) and 

may not have focused on the frequency of transitions from sitting to standing. However, we still 

found statistically significant changes in blood lipids after four months (23) in addition to 

significant changes in levels of triglycerides and average glucose after 22 months.  In a more 

experimental setting, Duvivier et al (2017) (46) reported significant improvements in 24 h glucose 

levels and insulin sensitivity in individuals with type 2 diabetes by following a regimen consisting 

of replacing 4.7 hours of daily sitting time with standing and light-intensity walking compared to 

structured exercise (46). Together with our results, this indicates that different patterns of change 

in sitting time can contribute to improvements in cardio-metabolic biomarkers. 

We have reported and compared proportions of participants in the two groups 

achieving 50 minutes of reductions in daily sitting time (19). However, the minimal clinically 

important difference for daily sitting time has not yet been determined, although a recent study 

based on isotemporal substitution analyses found a 2-4% improvement in cardio-metabolic 

biomarkers from reallocating 30 minutes of sedentary behavior to light-intensity physical activity 

daily (47). 

Our intervention showed highly significant immediate (4 months post baseline) and 

long-term (22 months post baseline) effects on most self-reported clinical outcomes, e.g. fatigue, 

pain, HR-QoL and physical function. These results are comparable to those found as a result of 

aerobic exercise in patients with RA (48), indicating that improvements in symptoms, feelings of 

confidence, and well-being can be achieved by engaging in a range of physical activity with A
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varying intensities in patients with RA. Thus, without disregarding the health benefits of 

performing moderate to vigorous physical activity it may have important implications for clinical 

practice and physical activity recommendations for patients with RA if substantial health benefits 

can be achieved and sustained by replacing sitting time with standing and stepping time in 

different domains of daily life. More research is needed to investigate whether similar health 

benefits of this health promotion approach can be demonstrated in other clinical populations 

characterized by chronic disease and mobility limitations, who may find increases in daily non-

exercise activities more appealing than solely focusing on increasing moderate to vigorous 

intensity physical activity.   

Beside the randomized controlled trial design, the blinded outcome assessors, the objective 

assessments of daily sitting time and the extended follow-up period are all contributors to the 

quality of the present trial. Participant blinding was not possible.  However, with the individual 

approach, scrutiny of attendance and independent measurements of the primary outcome we 

consider contamination between the groups to be unlikely. The results showed that the control 

group in fact increased their average daily sitting time, which may indicate that the controls were 

not influenced by the intervention participants. However, we lack data with the potential to explain 

the observed behavioral changes in the control group more thoroughly.   

There are some issues to consider in relation to the use of the ActivPAL monitor in 

this study. We consider it a strength to the current study that it did not provide any feedback to the 

participants limiting the possibility that the monitor itself contributed to changes in physical 

activity behavior. However, although the ActivPAL monitor  has been recognized to have high 

correlation with observations for sitting/lying time, upright time and  for detecting reduced sitting 

time in adults (49) and in patients with RA (30), it does not distinguish between certain activity 

types, e.g. stepping and cycling (50). Thus, we cannot rule out that the significant changes in self-

reported clinical outcomes and lipid profile were reached by activity types not currently available 

through the ActivPAL software as a spill-over effect of the intervention. 

Participant retention was high with only 12 participants (8%) dropping out during the 

22 months, indicating high approval of the intervention and acceptable assessments procedures. 

However, a total of 467 (58.3%) of the initially invited patients declined to participate in the trial. 

This may call for additional research into those declining participation with respect to 

demographic characteristics as well as of which intervention components they found unappealing. A
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In conclusion, we found sustained effect of an individually tailored, theory-based 

behavioral intervention with motivational counselling and text message reminders 18 months from 

end of the four-month intervention, as compared to usual lifestyle in patients with RA. The results 

may have important implications for clinical practice and physical activity recommendations for 

patients with RA.
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Table 1. Baseline characteristics of the participants by allocated group and total (the intention-to-treat 

population). Data are presented as Mean (SD) unless otherwise stated

Characteristic Intervention group 

(N=75)

Control group 

(N=75)

Total

(N=150)

Women, no. (%) 61 (81%) 60 (80%) 121 (81%)

Age (years) 59.7 (10.7) 59.5 (12.7) 59.6(11.7)

Seasonal variation (included during winter), no. (%) 18(24%) 14(19%) 32(21%)

Cohabiting, no. (%) 53 (71%) 50 (66%) 103(69%)

Highest attained education

Primary school, no. (%)

High school, no. (%)

Short to middle higher education, no. (%)

Long higher education (university degree), no. (%)

10 (13%)

16 (22%)

40 (54%)

9 (12%)

11 (14%)

14 (18%)

39 (52%)

11 (15%)

21(14%)

30(20%)

79(53%)

20(13%)

Occupation

Unemployed, no. (%)

Employed full time, no. (%)

Employed part time, no. (%)

Age-related retirement, no. (%)

RA-related retirement, no. (%)

4 (5%)

12 (16%)

18 (24%)

38 (51%)

3 (4%)

6 (8%)

19 (25%)

14 (19%)

30 (40%)

6 (8%)

10(7%)

31(21%)

32(21%)

68(45%)

9(6%)

Smoking, no. (%) 15 (20%) 14 (19%) 29(19%)

Alcohol (drinks per week), median (IQR) 1.0 (0.0,4.0) 2.0 (1.0,5.0) 2.0(0.0,5.0)

RA duration (years), median (IQR) 12.0 (8.0,20.0) 11.0 (6.0,20.0) 11.5(7.0-20.0)

Medical treatment (Biologics), no. (%) 23 (31%) 21 (28%) 44(29%)

DAS-28

CRP, median (IQR)

Tender joints, median (IQR)

Swollen joints, median (IQR)

Global VAS

3.2 (1.2)

6.0 (5.0, 11.0)

1.0 (0.0,2.0)

0.0 (0.0,1.0)

46.4 (24.4)

3.2 (1.3)

5.0 (5.0, 10.0)

0.0 (0.0,1.0)

0.0 (0.0, 1.0)

31.6 (23.4)

3.2 (1.2)

6.0 (5.0,10.0)

1.0 (0.0,2.0)

0.0 (0.0,1.0)

39.0 (25.0)

Positive anti-CCP, no. (%) 56 (75%) 61(81%) 117(78%)A
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Positive IgM-RF, no. (%) 56 (75%) 61 (81%) 117(78%)

Comorbidity, no. (%) 59 (79%) 59 (79%) 118(79%)

Self-reported light physical activity, hours/week, 

median (IQR)

6.0 (3.0,10.0) 6.0 (3.0,11.0) 6.0 (3.0,10.0)

Self-reported moderate physical activity, hours/week, 

median (IQR)

2.0 (1.0,4.0) 3.5 (2.0,6.0) 3.0 (1.0,5.0)

Self-reported vigorous physical activity, hours/week, 

median (IQR) 

0.0 (0.0,0.5) 0.3 (0.0,2.0) 0.0 (0.0,1.0)

Daily sitting time (ActivPAL) hours/day 9.8 (1.9) 8.8 (1.7) 9.3 (1.9)

Standing time (ActivPAL), hours/day 4.0 (1.3) 4.5 (1.4) 4.2 (1.4)

Stepping time (ActivPAL), hours/day 1.6 (0.7) 1.9 (0.7) 1.7 (0.7)

Breaks up of sitting time (ActivPAL), number/day 53.0 (14.0) 56.0 (17.0) 54.0 (16.0)

Working participants, no. (%)

Self-reported sitting at work, hours/day, median (IQR)

30 (40%)

4.6 (2.0,6.0)

33 (44%)

4.5 (2.0,6.0)

63(42%)

4.8 (2.0,6.0)

Self-reported sitting time in leisure, hours/day, 

median (IQR)

5.0 (3.5,7.0) 4.0 (3.0,6.0) 4.5 (3.0,6.0)

Physical function (HAQ), median (IQR) 0.9 (0.5,1.4) 0.5 (0.0,1.1) 0.75 (0.3,1.3)

Fatigue (MFI)a

General fatigue

Physical fatigue

Reduced activity

Reduced motivation

Mental fatigue

13.5 (3.9)

14.0 (3.7)

13.1 (3.7)

10.0 (3.0)

10.6 (3.6)

11.8 (4.2)

11.8 (3.7)

11.4 (4.0)

9.0 (2.8)

9.3 (3.9)

12.6 (4.2)

12.9 (3.8)

12.2 (3.9)

9.5 (3.0)

9.9 (3.8)

Fatigue (VAS) 54.6 (26.8) 36.7 (27.1) 45.6 (28.7)

Pain (VAS) 43.2 (23.5) 26.5 (20.9) 34.9 (23.7)

HR-QoL (SF-36)b

SF36-PCS

SF36-MCS

35.3 (9.4)

50.9 (10.4)

40.2 (10.6)

53.4 (9.3)

37.7 (10.3)

52.1 (9.9)

Self-efficacy (GSES)c 28.2 (5.9) 31.5 (5.8) 29.9 (6.1)

Lipids (mmol/L) 

Cholesterol (total)

HDL

LDL

Triglyceride, median (IQR)

5.4 (1.1)

1.6 (0.5)

3.2 (0.9)

1.2(0.9,1.7)

4.9 (1.0)

1.5 (0.4)

2.9 (0.9)

1.1 (0.8,1.7)

5.2 (1.1)

1.5 (0.5)

3.0 (0.9)

1.2 (0.9,1.7)

Average glucose (mmol/l)d 6.0 (1.2) 6.2 (1.3) 6.1 (1.3)
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Abbreviations; BMI, Body Mass Index; CRP, C-reactive protein; GSES, General Self-Efficacy Scale; HAQ, Health Assessment 

Questionnaire; HDL, High-density Lipoprotein cholesterol; IQR, Interquartile range; LDL, Low-density Lipoprotein cholesterol; 

MCS, Mental Component Scale; MFI, Multidimensional Fatigue Inventory; PCS, Physical Component Scale; VAS, Visual Analogue 

Scale.

a Scores on each of the five subscales of MFI range from 4 to 20, with higher scores indicating greater fatigue.

b Each scale of SF-36 (mental and physical) is transformed into a 0-100 scale. The lower the score the more disability

c The total score on GSES ranges between 10 and 40, with a higher score indicating more self-efficacy

d Participants were not fasting before measurement of average glucose

Blood pressure (mmHg)

Systolic

Diastolic

129.9 (17.7)

78.3 (10.0)

131.5 (21.4)

77.7 (9.2)

130.7 (19.6)

78.0 (9.6)

Weight (kg) 74.4 (17.7) 76.0 (16.6) 75.2 (17.1)

Waist circumference (cm) 91.2 (14.8) 92.9 (13.4) 92.1 (14.1)

BMI, kg/m2 26.0 (5.5) 26.8 (5.3) 26.4 (5.4)

Waist-hip-ratio 0.9 (0.1) 0.9 (0.1) 0.9 (0.1)
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Table 2. Comparison of changes in primary and secondary outcomes after 22 months    

Intervention 

Group

Control

Group Between-Group Difference

Variable Estimate (95%CI) Estimate (95%CI) Estimate (95%CI) P-value

Daily sitting time (hours) -1.10 (-1.49 -0.72) 1.32 (0.92 1.72) -2.430 (-2.991 -1.862) <.0001

Respondersa, no. (%) 43 (57%) 7 (9%) 48% (35% 61%) <.0001

Daily standing time (hours)b 0.34 (0.06 0.62) -0.58 (-0.87 -0.29) 0.93 (0.52 1.33) <.0001

Daily stepping time (hours)b 0.14 (-0.02 0.28) -0.19 (-0.34 -0.05) 0.33 (0.13 0.54) .0014

Breaks up of sitting time (nb/day) -2.16 (-5.71 1.39) 0.49 (-3.41 4.37) -2.65 (-7.91 2.61) .33

Sitting time at work (hours/day) -0.59 (-1.23 0.061) 0.43 (-0.25 1.11) -1.02 (-1.95 -0.08) .034

Sitting time in leisure (hours/day) -0.97 (-1.37 -0.57) 0.05 (-0.37 0.46) -1.02 (-1.61 -0.41) .0006

Physical function (HAQ) -0.22 (-0.31 -0.13) 0.17 (0.07 0.27) -0.39 (-0.53 -0.26) <.0001

Fatigue (MFI)

       General Fatigue -0.26 -(1.11 0.56) 0.77 (-0.12 1.66) -1.03 (-2.27 0.2) .103

       Physical Fatigue -1.12 (-2.05 -0.18) 0.87 (-0.11 1.86) -1.99 (-3.37 -0.61) .0048

     Reduced Activity -0.97 (-1.86 -0.07) 1.08 (0.14 2.03) -2.05 (-3.36 -0.74) .0022

     Reduced Motivation -0.53 (-1.19 0.13) 1.07 (0.37 1.77) -1.6 (-2.57 -0.63) .0012

     Mental Fatigue -0.67 (-1.37 0.04) 0.79 (0.04 1.54) -1.45 (-2.49 -0.42) .006

Fatigue (VAS) -3.76 (-9.47 1.96) 8.55 (2.54 14.56) -12.3 (-20.71 -3.89) .0043

Pain (VAS) -6.82 (-12.18 -1.46) 8.69 (3.1 14.28) -15.51 (-23.42 -7.6) .0001

DAS28 -0.21 (-0.45 0.01) -0.23 (-0.47 0.01) 0.01 (-0.32 0.34) .936

CRP 0.43 (-0.99 1.86) 1.86 (0.37 3.34) -1.42 (-3.49 0.63) .1745
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Tender Joints 0.1 (-0.23 0.43) -0.08 (-0.43 0.26) 0.19 (-0.3 0.67) .4531

Swollen Joints -0.33 (-0.57 -0.09) -0.08 (-0.33 0.18) -0.25 (-0.61 0.1) .1622

Global VAS -7.08 -(12.37 -1.79) 10.33 (4.8 15.86) -17.41 (-25.18 -9.65) <.0001

HR-QoL (SF-36)

     PCS 2.71 (0.58 4.85) -2.44 (-4.65 -0.22) 5.15 (2.05 8.26) .0012

     MCS 2.95 (1.06 4.84) -3.19 (-5.18 -1.19) 6.14 (3.38 8.89) <.0001

Self-efficacy (GSES) 2.78 (1.51 4.05) -1.87 (-3.2 -0.53) 4.65 (2.78 6.51) <.0001

Lipids (mmol/L)

     Total cholesterol -0.59 (-0.71 -0.47) 0.27 (0.14 0.39) -0.86 (-1.03 -0.68) <.0001

     HDL 0.05 (-0.03 0.1) 0.02 (-0.06 0.1) 0.03 (-0.09 0.14) .6614

     LDL -0.35 (-0.48 -0.23) -0.36 (-0.5 -0.23) 0.01 (-0.18 0.2) .9142

     Triglyceride -0.12 (-0.24 -0.01) 0.14 (0.02 0.25) -0.26 (-0.43 -0.09) .0025

Average glucose (mmol/l) -0.56 (-0.74 -0.41) 0.57 (0.4 0.74) -1.15 (-1.39 -0.91) <.0001

Blood pressure (mmHg)

     Systolic -1.56 (-4.78 1.65) -2.15 (-5.56 1.25) 0.59 (-4.09 5.28) .8039

     Diastolic 0.96 (-0.87 2.78) 1.63 (-0.3 3.56) -0.67 (-3.33 1.99) .6192

Weight (kg) -0.92 (-2.29 0.45) 0.98 (-0.43 2.4) -1.9 (-3.87 0.07) .058

Waist circumference (cm) 0.37 (-1.1 1.84) 2.24 (0.73 3.73) -1.86 (-3.97 0.24) .0821

Waist-hip-ratio 0.01 (0.001 0.03) 0.03 (0.02 0.04) -0.02 (-0.03 0.001) .061

Abbreviations: GSES, General Self-efficacy Scale; HAQ, Health Assessment Questionnaire; HDL, High-density Lipoprotein cholesterol; LDL, Low-density Lipoprotein cholesterol; MCS; Mental 

Component Scale; MFI, Multidimensional Fatigue Inventory; PCS, Physical Component Scale; VAS, Visual Analogue Scale

a) A responder is defined as a participant who reduced daily sitting time by more than 50 minutes

b) Not an outcome measure, however, the changes in daily standing and stepping time shows what daily sitting time was replaced by
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The negative change estimates should be read as reductions of the outcome measure

The positive change estimates should be read as increases of the outcome measure
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Figure legends

Figure 1: Diagram of the participants’ flow through the trial

Figure 2A and 2B: Longitudinal efficacy for the primary outcome (daily sitting time) over time. 

The curves are based on the after values at 4, 10 and 22 months from baseline for each group. 

Figure A presents the ITT population according to the ‘As Observed’ data set (mixed effect 

model) and figure B the ITT population using the baseline observation carried forward (‘non-

responder imputation’ data).

Figure 3: Intervention effect across the two groups illustrated by a “forest plot”. It displays the 

contrast as standardised mean difference (95% Confidence Intervals) between the groups after 22 

months on pain, fatigue, physical function and health-related quality of life (physical component 

scale and mental component scale, SF-36).

A
cc

ep
te

d
 A

rt
ic

le



Figure 1. Diagram of the participants’ flow through the trial 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Completed examination (n=71) 

       ActivPAL-data (n=68) 

Did not complete examination (n=1) 

Drop-outs (n=3) 

Lack of time (n=1) 

Co-morbidity (n=2) 

 

 

Completed examination (n=69) 

               ActivPAL-data (n=68) 

Did not complete examination (n=1)  

Drop-outs (n=4) 

Co-morbidity (n=1), 

Lack of time (n=1) 

Serious illness in family (n=1) 

High RA-related disease activity (n=1) 

Deaths (n=1) 

 

  

Completed examination (n=74) 

             ActivPAL-data (n=73) 

Drop outs (n=1) 

Lack of time (n=1) 

Completed examination (n=73) 

             ActivPAL-data (n=71) 

Drop outs (n=2); 

Co-morbidity (n=1), 

Lack of time (n=1) 

Assessed for eligibility (RA-diagnosis and HAQ-score) by medical records/DANBIO (N=1008) 

 

Invited by letter (N=801)  

Could not be reached by telephone (n=79) 

Assessed for eligibility by telephone interview (n=722); 

Two screening questions from the Physical Activity Scale 2 (PAS 2) about physical activity levels 

 

Excluded (N=572) 
Not meeting inclusion criteria (n=105) 

Declined to participate (n=467), of which (n=4) declined to 

participate after initial consent but before randomisation 

 

10-month follow-up 

Randomised (N=150) 

Allocated to intervention (n=75) Allocated to control (n=75) 

Completed examination (n=72) 

              ActivPAL-data (n=71) 

Drop-outs (n=3) 

Lack of time (n=1) 

Co-morbidity (n=2) 

 

 

Completed examination (n=66) 

             ActivPAL-data (n=64) 

Drop-outs (n=7) 

Co-morbidity (n=1) 

Lack of time (n=3) 

Serious illness in family (n=1) 

High RA-related disease activity 

(n=2) 

Deaths (n=2) 

 

 

Enrollment 

Allocation 

22-month-follow-up 

Four months from 

baseline 

Excluded (N=207) 

HAQ-score > 2.5 (n=204) 

Not meeting RA criteria (n=3) 

 

acr_24060_f1.docx

This	article	is	protected	by	copyright.	All	rights	reserved

A
cc

ep
te

d
 A

rt
ic

le



  

 

Figure 2A and 2B: Longitudinal efficacy for the primary outcome (daily sitting time) over time. The curves 

are based on the after values at 4, 10 and 22 months from baseline for each group. Figure A presents the 

ITT population according to the ‘As Observed’ data set (mixed effect model) and figure B the ITT population 

using the baseline observation carried forward (‘non-responder imputation’ data). 
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Figure 3. Intervention effect across the two groups illustrated by a “forest plot”. It displays the contrast as 

standardized mean difference (95% Confidence Intervals) between the groups after 22 months on pain, 

fatigue, physical function and health-related quality of life (physical component scale and mental 

component scale, SF-36). 
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