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Abstract

:

Background: Mobile applications (apps) are a resource for information on lifestyle and nutrition which are associated to improved outcomes in inflammatory arthritis. Objective: The aim of this study was to explore whether targeted lifestyle counselling via an app improves disease activity in arthritis patients. Methods: Patients with rheumatoid arthritis (RA), spondyloarthritis (SpA), psoriatic arthritis (PsA) were randomized to 12 weeks of lifestyle counselling via an app (Mida, Midaia GmbH, Germany) pertaining to a healthy Mediterranean Diet, physical activity, and mental health. Disease activity was measured with specific instruments by a blinded physician and categorized (remission, low, moderate, high). Dietary adherence was assessed by the Mediterranean Diet Adherence Screener (MEDAS). Mixed effects logistic regression adjusted to baseline disease activity, age, and sex were calculated. Results: Of 158 patients included (73% female, 53.3 ± 11.7 years), 74 were in the active counselling group (ACG). All showed improvement in low disease activity or remission. ACG patients had an odds ratio (OR) of 2.8 (95%-CI 1.1–7.2, p = 0.035), while OR in the control group was not significant OR = 2.1 (0.9–5.0, p = 0.097). The control group was less likely to reach a MEDAS >= 4 (OR = 0.16 (0.03–0.77), p = 0.02), while this was not seen in the ACG (OR = 0.54 (0.06–4.63), p = 0.6). Patients in the ACG showed a tendency towards improved adhesion to a Mediterranean Diet (MEDAS) (β = 0.35 (−0.05–0.74), p = 0.086). This tendency was not observed in the control group (β = 0.09 (−0.29–0.46), p = 0.64). Conclusions: Individualized lifestyle and dietary counselling via app may help to improve disease control in inflammatory arthritis patients.
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1. Introduction


Rheumatoid arthritis (RA), psoriatic arthritis (PsA), and axial spondyloarthritis (axSpA) are the most common autoimmune inflammatory rheumatic diseases which primarily affect joints [1,2,3,4]. They are associated with a considerable socioeconomic burden, including disability, inability to work, and socioeconomic decline [1,5,6,7]. These conditions are considered to develop in individuals with a vulnerable genetic background in conjunction with environmental factors [8,9,10]. In particular, nutritional patterns, physical exercise, and mental health were reported to impact inflammatory joint diseases [11,12,13]. Amongst potentially healthy dietary patterns, a Mediterranean Diet has most consistently been associated with a favorable disease course [14,15,16,17]. Consequently, the European League against Rheumatism (EULAR) recently summarized the evidence and issued recommendations concerning lifestyle modifications in patients with inflammatory rheumatological conditions [12]. Lifestyle changes, however, are notoriously hard to induce in patients [18]. There are several potential obstacles to efficient lifestyle counselling, including time restrictions and insufficient reimbursement modalities or even a lack thereof, depending on the local health policy [19,20,21]. Mobile phone applications (apps) are increasingly used to obtain health information or to obtain patient reported outcomes (PROMs) by arthritis patients and physicians, respectively [22,23]. Even though daily smart phone use is very common amongst patients, regular use of apps intended to improve arthritis is rather scarce [24]. We were therefore interested in exploring if individualized lifestyle counselling by an app could improve disease activity control in arthritis patients, and in identifying the potentially most versatile lifestyle components in this context.




2. Methods


2.1. Patients and Study Design


Consecutive rheumatology outpatients with inflammatory arthritis, i.e., RA, PsA, or axSpA from St. Elisabeth-Hospital Meerbusch-Lank, and Krankenhaus Porz am Rhein, Cologne, Germany were recruited to the single-blinded, randomized controlled study from June 2022 until June 2023. Inclusion criteria consisted of eligibility to use and possession of a smart phone, at least 18 years of age, and confirmed diagnosis of an arthritis condition according to either 2010 EULAR criteria for RA [25], 2006 Classification criteria for Psoriatic Arthritis (CASPAR) criteria for PsA [26], or 2011 Assessment of SpondyloArthritis international Society (ASAS) ASDAS criteria for axSpA [27]. Epidemiological data, medication, and disease activity were measured via disease-specific instruments and then categorized into remission, low, moderate, or high disease activity at inclusion and week 12 (Rheumatoid Arthritis Disease Activity Index (RADAI) for RA [28], Disease Activity in PSoriatic Arthritis (DAPSA) score for PsA [29], Bath Ankylosing Spondylitis Disease Activity Index (BASDAI) for axSpA [30]).



Patients were alternatingly randomized to either report PROMs only (control group), or to additionally receive 12 weeks of individualized lifestyle counselling via an app (Mida Rheuma® app version 1 (Midaia GmbH, Heidelberg, Germany), detailed below) pertaining to a healthy Mediterranean Diet, sports and physical activity, mental health, and non-smoking (active counselling group). Patient allocation was blinded to the treating physician. The study applied to the Declaration of Helsinki. All patients gave full informed consent. The study was approved by the Ethics Committee of the Medical Faculty of Heinrich-Heine-University Düsseldorf, Germany (study number 2021-1408). The study was retrospectively registered in the ISRCTN registry (#ISRCTN17343801).




2.2. Objectives and Endpoints


The primary study objective was to evaluate the effect of 12-week lifestyle counselling via app on patients’ disease activity by evaluating the number of patients who achieved low disease activity or remission measured using RADAI, DAPSA, or BASDAI. Secondary endpoints were to evaluate the effect of 12-week lifestyle counselling via app on: (1) adherence to Mediterranean Diet measured using Mediterranean Diet Adherence Screener (MEDAS) [31], (2) health-related quality of life measured via Short Form 36 Health Survey (SF36) [32]; (3) physical activity level measured via the Physical Activity, Exercise, and Sport Questionnaire (‘Bewegungs- und Sportaktivität Fragebogen’ (BSA)) [33], and depression and anxiety levels measured via the Patient Health Questionnaire 4 (PHQ 4) [34,35].




2.3. Mobile Phone Application


Mida Rheuma App (Midaia, Germany) was used to assess PROM in both groups, or to additionally offer lifestyle counselling in the active counselling group. The Mida Rheuma App is part of the Midaia Software, version 1, which is CE-certified software (UDI-DI 4260731370018) to monitor disease burden and treat patients with RA, PsA, or axSpA using a personalized approach to improve disease activity and physical impairment. The conformity with general safety and performance requirements based on clinical data has been demonstrated previously [22]. The evaluation of the clinical performance of the Midaia Software was based on the general safety and performance requirements and verification according to the Medical Devise Regulation. The software comprises (1) the Conversational Agent which collects patient data on lifestyle factors, mental health, and medication using standardized questionnaires. Based on this, personal behaviors that influence disease activity and physical impairment are identified. They are cross-checked with recommendations from medical guidelines [11,12,13,27,36,37,38,39,40,41,42,43] and medical standards for app development as issued by EULAR [44] to match patients with a personalized therapy plan (series of treatment action plans). The Midaia algorithm uses this data as a basis for determining the order of prescribing interventions. (2) Treatment Action Plans consist of consecutive and prioritized lifestyle suggestions and provide motivation to achieve behavioral changes compatible with recommendations. The application of a specific action plan is determined by a supervised learning algorithm that manages the personalized assignment of action plans. This algorithm employs a multifaceted baseline assessment, using key indicators such as age, sex, diagnosis, dietary and mental health profiles, level of social interaction, patient’s understanding of disease and treatment modalities, functional status of the musculoskeletal system, physical activity levels, disease activity, fatigue, harmful habits, sleep quality, and others. These indicators are analyzed to establish a prioritized, initial array of tailored action plans, each uniquely suited to the individual patient’s profile. This process integrates machine learning techniques, including categorical and quantitative variable analysis, to split and prune the initial set of plans. Subsequently, a dynamic weighting system is employed, wherein each plan is assigned coefficients based on two crucial criteria: the urgency of the patient’s needs (e.g., the disparity between the patient’s current nutritional habits and the recommended anti-inflammatory diet) and the potential impact of the intervention (according to the levels of evidence). Notably, certain plans receive higher priority coefficients, especially those targeting mental health improvements, as these have been shown to enhance overall plan efficacy and patient adherence [45,46,47]. The action plans are offered and explained to the patients in a chat mode.



The algorithm is further enhanced by a continuous feedback loop, where the effectiveness of individual and combined plans is constantly monitored and analyzed. This feedback informs real-time adjustments to the coefficients and hierarchical ranking of the plans. Additionally, the system employs patient clustering algorithms to identify specific demographic and personal characteristic clusters that respond more favorably to certain intervention strategies.



Recommendations can include diet, exercise, mental health, social life, coping with the disease, pain and fatigue management, joint protection, motivation, self-efficacy and self-management, smoking cessation, and medication adherence. Each area of care contains several action plans (a total of 44 action plans are available), for example, a mental group consisting of cognitive behavioral therapy, mindfulness meditation, body scan meditation, support in depression management, gratefulness, and improved sleep. Action plans are 7 to 11 days long, give evidence-based tips, help, and motivation, and break the recommendations into sub-tasks to achieve the behavior change. Each action plan contains detailed information on general terminology, an up-to-date, evidence-based view of the topic, and specific step-by-step call to actions, which are presented in texts, diagrams, pictures, and video courses. For example, in the exercise section, depending on the patient’s needs and the degree of disease activity and functional status, exercises to overcome morning stiffness, specific training sessions (different for patients with axial and peripheral arthritis) of three degrees of complexity, or a yoga course developed with the participation of an experienced yoga instructor and a rheumatologist may be recommended. Patients are reminded to fulfill the recommended tasks daily, and the implemented recommendation’s effect is monitored and controlled. The counselling strategy of the app along with representative screenshots from counselling sessions is illustrated in Figure 1.




2.4. Statistical Analysis


R version 4.3.2 was used for statistical analysis. Demographic and baseline characteristics were summarized using standard descriptive statistics, including sample size. For continuous variables, mean and SD are provided in cases where skewness and kurtosis were between −2 and 2; otherwise, median and range are provided; for categorical variables, numbers and percentages are provided.



The primary outcome parameter was low disease activity or remission at week 12. Analysis was by logistic mixed linear modelling with patient ID as the random effect, thereby also accounting for bias due to regression to the mean (e.g., especially in cases of highly active patients). An additional exploratory analysis was similarly performed for a MEDAS > 4. Results are reported as odds ratios (ORs) with 95% confidence intervals (CI). Furthermore, exploratory analyses were also performed via mixed linear modelling with patient identity as the random effect for health-related quality of life domains of SF36, weight, self-estimated time doing sports per week, exercise per week according to BSA, MEDAS in all patients, PHQ, and DAS28 in a subgroup of RA patients as outcome variables. Results are reported as the regression coefficient (β) with 95% confidence intervals.



All models were calculated adjusted for age and sex. As sensitivity analyses, models were also calculated without any adjustments and with an additional adjustment for education as a proxy for social status. Educational levels were categorized from lowest (1) to highest (5) based on the highest diploma within the German schooling system (Middle School (‘Hauptschule’), High School (‘Realschule’), High School with higher qualification (‘Fachhochschulreife’), High School with university qualification (‘Abitur’), or university degree). In case dissimilarities were observed between the models, these findings are reported in the Section 3. Complete case analysis was performed. There was no prior sample size estimation due to the exploratory nature of the study. Groups were analyzed according to whether or not lifestyle counselling was provided via the app (active counselling group) or not (inactive control group). A p-value ≤ 0.05 was considered statistically significant.





3. Results


3.1. Patients’ Characteristics


A total of 170 patients were screened for inclusion and 168 were alternatingly randomized to the active counselling or control group (PROM only). After exclusion of ineligible cases, 158 patients were included in the study, of whom 74 were allocated to the active counselling group, and 84 to the control group (Figure 2). Patients’ characteristics are summarized in Table 1. For a subgroup of 43 RA patients, DAS28 measurements were available for additional analyses (17 in the active counselling group (age 56.2 ± 8.4 years, 73% female, disease duration 9.2 ± 8.6 years), 26 in the control group (age 54.7 ± 11.0 years, 72.6% female, disease duration 13.2 ± 9.6 years)). Treatment regimens were variable across groups, most commonly methotrexate (41.8%), other conventional synthetic disease modifying antirheumatic drugs (16.5%), TNF inhibitors (34.8%), Janus kinase inhibitors (9.5%), Interleukin (IL) 6 inhibitors (7.6%), and IL-17 inhibitors (5.1%). Under 5% of total patients received abatacept, IL23 inhibitors, or rituximab. There were no obvious disparities between the control group and the active counselling group.




3.2. Disease Activity Assessment


In order to assess the effect of lifestyle counselling via the app on disease activity in inflammatory arthritis, the odds ratio (OR) of achieving low disease activity or remission were calculated in the active counselling and the control group. We observed a significantly increased OR with a substantial effect size to enter low disease activity or remission (OR = 2.8 (95%-CI 1.1–7.2), p = 0.035). In the control group, this trend was not significant (OR = 2.1 (0.9–5.0), p = 0.097). The results are depicted in Figure 3A.



In a subgroup of RA patients, serial DAS28 measurements were available. Similarly, RA patients in the active counselling group showed a borderline significant decline in DAS28 (β = −0.6 (−1.3 to 0), p = 0.055), while this trend was not significant in the control group (β = −0.4 (−0.9 to 0.14), p = 0.17). In the fully adjusted model including adjustments for social status, there was a significant decline in the active counselling group (β = −0.6 (−1.3 to −0.04), p = 0.046), while the control group showed no significant change (β = −0.4 (−0.9 to 0.08), p = 0.13). The results are depicted in Figure 3C.




3.3. Change in Lifestyle Parameters Including Adherence to Mediterranean Diet


Next, we were interested in exploring which lifestyle parameters were mainly associated with positive effects on disease activity states.



Concerning adherence to a healthy Mediterranean Diet, we compared the MEDAS values (Figure 3B). Patients in the active counselling group showed a tendency towards improved MEDAS scores (β = 0.35 (−0.05–0.74), p = 0.086). This tendency was not observed in the control group (β = 0.09 (−0.29–0.46), p = 0.64). Furthermore, we previously reported that a MEDAS ≥ 4 may represent a reasonable cut-off to discern healthy from a rather unhealthy diet in the German population of patients with inflammatory rheumatic diseases [48]. Indeed, in the present study, the control group was less likely to reach a MEDAS ≥ 4 (OR = 0.16 (0.03–0.77), p = 0.02), while this tendency was not seen in the active counselling group (OR = 0.54 (0.06–4.63), p = 0.6). This association was similarly observed in the fully adjusted model also incorporating a proxy for social status, albeit to a lesser extent (control group: OR = 0.28 (0.28–1.2), p = 0.087; active counselling group: OR = 0.84 (0.12–5.82), p = 0.86). No change was observed with the weight development in either group (active counselling: β = −0.1 (−0.69–0.49), p = 0.75, control group: β = 0.08 (−0.47–0.63), p = 0.78).



Concerning sports and physical activity, no differences were observed in the weekly time spent for physical activity (active counselling group: β = 0.03 (−0.28–0.34), p = 0.85; control group: β = −0.09 (−0.38–0.2), p = 0.54), or the BSA exercise questionnaire (active counselling group: β −13.1 (−61.2–34.8), p = 0.59; control group: β = −6.3 (−51.6–39.3), p = 0.79).



Concerning psychic wellbeing, no differences were observed in the depression screening scale PHQ4 (active counselling group: β = 0.23 (−0.25–0.71), p = 0.34; control group: β = 0.23 (−0.22–0.69), p = 0.32)




3.4. Changes in Health-Related Quality of Life


Finally, we explored whether changes in health-related quality of life parameters as measured by the SF36 were observable in any of the groups. In the course of the 12-week observational period, there were no significant changes in the following parameters in either the active counselling or the control group: Physical Function (active counselling: β = 0.7 (−2.4–3.9), p = 0.6; control: β = −0.2 (−3.2–2.7), p = 0.9), Physical Role Functioning (active counselling: β = 3.0 (−5.5–11.7), p = 0.5; control: β = 2.3 (−5.8–10.4), p = 0.6), Emotional Role Functioning (active counselling: β = 0.8 (−8.6–10.3), p = 0.9; control: β = 3.9 (−5.0–12.8), p = 0.4), Vitality (active counselling: β = 0.6 (−2.9–4.0), p = 0.8; control: β = −0.2 (−3.5–3.0), p = 0.9), Mental Health (active counselling: β = −1.0 (−4.3–2.3), p = 0.5; control: β = 1.6 (−1.5–4.7), p = 0.3), Social Role Functioning (active counselling: β = −1.4 (−6.2–3.5), p = 0.6; control: β = 1.6 (−2.9–6.1), p = 0.5), Bodily Pain (active counselling: β = 3.4 (−1.2–8.0), p = 0.2; control: β = −0.6 (−4.9–3.8), p = 0.8), or General Health (active counselling: β = −2.2 (−5.6–1.2), p = 0.2; control: β = −1.5 (−4.7–1.7), p = 0.4). The same was true for the summarizing parameters Physical Summary Component (active counselling: β = 0.7 (−3.0–4.4), p = 0.7; control: β = 0.5 (−3.0–3.9), p = 0.8); and the Mental Summary Component (active counselling: β = −0.4 (−4.4–3.7), p = 0.9; control: β = 1.8 (−2.0–5.6), p = 0.3).





4. Discussion


In the present pilot study, patients with inflammatory rheumatoid joint diseases were randomized to receive individualized lifestyle counselling pertaining to a healthy Mediterranean Diet (in particular, action plans aimed at the implementation of a Mediterranean Diet, weight loss, explaining the pro-inflammatory and anti-inflammatory properties of certain foods, forming the consumption of less meat, and the consumption of more vegetables, fruits, whole grains, and vegetable oils with a high content of omega-3 polyunsaturated fatty acids), physical activity, and mental health via a mobile phone application or to the retrieval of PROMs only. Patients in the active counselling group had significantly increased odds of reaching at least low disease activity at a considerable effect size. The study was performed in the most common arthritic joint diseases as a whole and not limited to a specific disease. However, a similar trend was noted in the largest group of patients with RA only, employing a disease-specific parameter as the outcome criterion. Moreover, the effects observed were robust for adjustments with potential confounders such as age, sex, and education as a proxy for the social status, or the activity status at disease onset.



The lifestyle counselling via the app used in this study administered advice on various domains, including diet, physical activity, and mental health. This is in line with the recently issued EULAR recommendations on lifestyle behavior in rheumatic diseases which stress that lifestyle choices should ideally be assessed as a whole rather than separately [11]. In an attempt to explore which of the lifestyle domains targeted might have the largest versatility, we identified adherence to a healthy diet. In this context, we considered a Mediterranean Diet to represent a healthy nutritional choice, as this diet is chiefly advocated to carry health benefits [49]. Patients may also benefit from other dietary patterns such as a traditional Asian diet [49], gluten-free and vegan diet, or fasting [50]. We did not account for these alternative potentially healthy dietary patterns, because we considered the latter pattern to likely be the most common amongst the healthy dietary patterns in Germany [51,52], and due to practicality issues. Moreover, based on a previous study, we defined a MEDAS of 4 or more to represent a sufficiently healthy diet [48]. Of note, the adherence to a healthy Mediterranean Diet is generally more pronounced in southern European countries, with a mean MEDAS up to 8 in Spain, but as low as 4 to 5 in Bulgaria, North America, South America, or Australia [53,54,55]. The German population generally follows a Western rather than a Mediterranean Diet [56] with median MEDAS as low as 3 points [51]. In follow-up studies, the inclusion of a more detailed dietary assessment is likely to provide further insight and help to even better define healthy nutrients for rheumatic diseases beyond broad categories such as that of a ‘healthy Mediterranean Diet’.



We hypothesize, however, that the specific method of counselling via an app may considerably influence the effectiveness, as some studies with different apps found no health benefits concerning, e.g., improvements in diet or physical activity [57], or improvements in quality of life measures [58] which were not obvious in our study. In this context, individualized counselling and goal setting were previously identified as factors promoting a successful health app [59]. Previous studies on apps have shown that mental health issues [60] and physical activity status [61,62] may also be improved by apps. In the present pilot study, we did not use instruments fit to sensitively detect more subtle changes in both domains. Hence, we cannot exclude that clinically significant effects on mental health and physical activity went unnoticed in the active counselling group due to the method of detection, or due to the small sample size.



An unsolved issue when advising patients to use apps for health benefits is the potential to promote smart phone addiction [63]. We did not address this issue in our current study. Reassuringly, no such increased risk for dependency was found in a previous study on the topic [62]. A further limitation consists in the exploratory approach of the study with a lack of reliable data for sample size estimations.




5. Conclusions


In summary, we found evidence of improved disease control and adherence to a healthy diet by individualized counselling via an app in arthritis patients. Further randomized controlled trials on these topics are warranted.
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	Rheumatoid Arthritis



	PsA
	Psoriatic Arthritis
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	Axial Spondyloarthritis
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	European League against Rheumatism
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	Patient Reported Outcomes
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	2006 Classification criteria for Psoriatic ARthritis
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	Rheumatoid Arthritis Disease Activity Index



	DAPSA
	Disease Activity in PSoriatic Arthritis (DAPSA)
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	Short Form 36 Health Survey for Health-Related Quality of Life
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	Physical Activity, Exercise, and Sport Questionnaire (‘Bewegungs- und Sportaktivität Fragebogen’ (BSA))



	PHQ4
	Patient Health Questionnaire 4 for depression and anxiety level assessment
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Figure 1. Graphical summary of the counselling strategy via app (upper part), and representative screenshots of the app during lifestyle counselling (lower part). 






Figure 1. Graphical summary of the counselling strategy via app (upper part), and representative screenshots of the app during lifestyle counselling (lower part).



[image: Nutrients 16 01488 g001]







[image: Nutrients 16 01488 g002] 





Figure 2. Patient flow chart. RA, rheumatoid arthritis; PsA, psoriatic arthritis; SpA, axial spondyloarthritis. 
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Figure 3. Outcome parameters at baseline and after 12 weeks of active counselling via app. (A,B) The diagrams show the proportion of patients who changed to a different disease state (A) or dietary adherence state (B) from the start (T0) to the end of the study after 12 weeks (T12). The thickness of the line is proportional to the number of patients changing the respective state. For instance, in the active counseling group, the proportion of patients downgrading the disease activity state is greater than in the control group (A). Disease activity is categorized based on disease-specific instruments (A), and dietary adherence (B) to a healthy diet measured via the Mediterranean Diet Adherence Screener (MEDAS) and categorized into low (0–3), moderate (4–6), good (7–9), or very good (10–12) adherence of 158 patients with inflammatory arthritis. (C). Disease activity was measured via the Disease Activity Score 28 (DAS28) in the subgroup of 43 patients with rheumatoid arthritis at the start and end of the study after 12 weeks. 
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Table 1. Patients’ characteristics.
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Parameter

	
All

	
Active Counselling

	
Control Group




	

	
n (%) or Mean ± SD

	
n (%) or Mean ± SD

	
n (%) or Mean ± SD




	

	
or Median (Range)

	
or Median (Range)

	
or Median (Range)






	
Female

	
115 (72.8%)

	
54 (43%)

	
61 (72.6%)




	
Age

	
53.3 ± 11.7

	
53.4 ± 12.0

	
53.2 ± 11.5




	
Disease duration

	
8 (1–40)

	
8 (1–34)

	
8 (1–40)




	
Education level

	

	

	




	
 1

	
29 (18.4%)

	
12 (16.2%)

	
17 (20.2%)




	
 2

	
44 (27.8%)

	
20 (27%)

	
24 (28.6%)




	
 3

	
30 (19%)

	
17 (23%)

	
13 (15.5.%)




	
 4

	
18 (11.4%)

	
7 (9.5%)

	
11 (13.1%)




	
 5

	
37 (23.4%)

	
18 (24.3%)

	
19 (22.6%)




	
Disease

	

	

	




	
 RA

	
109 (69%)

	
45 (60.8%)

	
64 (76.2%)




	
 PsA

	
32 (20.3%)

	
21 (28.4%)

	
11 (13.1%)




	
 axSpA

	
17 (10.7%)

	
8 (10.8%)

	
9 (10.7%)




	
Activity State

	

	

	




	
 Remission

	
53 (33.5%)

	
22 (29.7%)

	
31 (36.9%)




	
 Low

	
33 (20.9%)

	
19 (25.7%)

	
14 (16.7%)




	
 Moderate

	
39 (24.7%)

	
16 (21.6%)

	
23 (27.4%)




	
 High

	
33 (20.9%)

	
17 (23%)

	
16 (19%)




	
Weight (kg)

	
82.6 ± 19.2

	
81.2 ± 16.8

	
83.9 ± 21.1




	
HRQoL

	

	

	




	
 PF

	
62 ± 27.1

	
61.4 ± 28.4

	
62.5 ± 26.1




	
 RP

	
39.1 ± 41.3

	
47.3 ± 41.9

	
31.8 ± 39.6




	
 RE

	
55.1 ± 44.3

	
57.7 ± 43.6

	
52.8 ± 45.2




	
 VT

	
42.4 ± 20.6

	
43.1 ± 20.7

	
41.8 ± 20.5




	
 MH

	
63.7 ± 18.9

	
65.8 ± 18.8

	
62.7 ± 19.0




	
 SF

	
67.5 ± 25.7

	
69.4 ± 25.3

	
65.8 ± 26.0




	
 BP

	
52.7 ± 25.4

	
53.7 ± 26.3

	
51.8 ± 24.7




	
 GH

	
45.7 ± 17.4

	
47.8 ± 17.5

	
43.9 ± 17.1




	
 PCS

	
49.9 ± 23.2

	
52.5 ± 24.5

	
47.5 ± 21.8




	
 MCS

	
57.2 ± 23.0

	
59.0 ± 23.1

	
47.5 ± 21.8




	
BSA

	
0 (0–1800)

	
0 (0–750)

	
0 (0)




	
Sport/week (h)

	
2 (1–8)

	
2 (1–8)

	
2 (1–8)




	
MEDAS

	
6 ± 2

	
6.2 ± 1.9

	
5.8 ± 2.1




	
PHQ4

	
3.2 ± 2.6

	
3.0 ± 2.4

	
3.4 ± 2.8




	
CRP

	
2.2 (0–133)

	
2.35 (0–133)

	
2.1 (0–61.9)




	
DAS28*

	
2.55 (0.4–7.5)

	
2.52 (0.4–7.5)

	
2.55 (0.96–19.2)








Age and disease duration in years. Educational levels were categorized from lowest (1) to highest (5) based on the highest within the German schooling system (see methods for details). RA, rheumatoid arthritis; PsA, psoriatic arthritis; axSpA, axial spondyloarthriits; Activity State categorized according to disease specific instrument (see methods); HRQoL, health-related quality of life according to short form 36 (PF, physical functioning; RP, role-functioning physical; RE role-function emotional; VT, vitality; MH, mental health; SF, social functioning; BP, body pain; GH, general health; PCS, physical component summary; MCS, mental component summary); BSA, Physical Activity, Exercise, and Sport Questionnaire (‘Bewegungs- und Sportaktivität Fragebogen’); MEDAS, Mediterranean Diet Adherence Screener; PHQ4, depression and anxiety levels measured by Patient Health Questionnaire 4; CRP, c-reactive protein; DAS28*, Disease Activity Score with 28 joints in patients with rheumatoid arthritis only.
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