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Abstract
Background: Psoriasis has a negative impact on patients’ physical and mental health and can lead to anxiety and depression.
Disease management strategies, including educational programs and eHealth devices, have been shown to improve health care
for several chronic diseases. However, such disease management strategies are lacking in the routine care of patients with psoriasis.
Objective: This study aims to study the impact of a novel intervention that combines an educational program with a disease
management smartphone app on the mental health of patients with psoriasis.
Methods: Patients with psoriasis in the intervention group received an educational program; attended visits on weeks 0, 12, 24,
36, and 60; and had access to the study app. Patients in the control group only attended the visits. The primary endpoint was a
significant reduction of scores on the Hospital Anxiety and Depression Scale (HADS). Secondary end points were reductions in
Dermatology Life Quality Index score, Psoriasis Area and Severity Index score, pruritus, and pain, as well as improvements in
mood and daily activities. In addition, modulating effects of sex, age, disease duration, and app use frequency were evaluated.
Results: A total of 107 patients were included in the study and randomized into the control group (53/107, 49.5%) or intervention
group (54/107, 50.5%). Approximately 71.9% (77/107) of the patients completed the study. A significant reduction in
HADS-Depression (HADS-D) in the intervention group was found at weeks 12 (P=.04) and 24 (P=.005) but not at weeks 36
(P=.12) and 60 (P=.32). Patient stratification according to app use frequency showed a significant improvement in HADS-D
score at weeks 36 (P=.004) and 60 (P=.04) and in HADS-Anxiety (HADS-A) score at weeks 36 (P=.04) and 60 (P=.05) in the
group using the app less than once every 5 weeks. However, in patients using the app more than once every 5 weeks, no significant
reduction in HADS-D (P=.84) or HADS-A (P=.20) score was observed over the 60-week study period compared with that
observed in patients in the control group. All findings were independent of sex, age, and disease duration.
Conclusions: These findings support the use of a disease management smartphone app as a valid tool to achieve long-term
improvement in the mental health of patients with psoriasis if it is not used too frequently. Further studies are needed to analyze
the newly observed influence of app use frequency.
Trial Registration: Deutsches Register Klinischer Studien DRKS00020755; https://tinyurl.com/nyzjyvvk
(JMIR Mhealth Uhealth 2021;9(10):e28149) doi: 10.2196/28149

https://mhealth.jmir.org/2021/10/e28149

XSL• FO
RenderX

JMIR Mhealth Uhealth 2021 | vol. 9 | iss. 10 | e28149 | p. 1
(page number not for citation purposes)

JMIR MHEALTH AND UHEALTH

Domogalla et al

KEYWORDS
psoriasis; eHealth; mHealth; telemedicine; teledermatology; patient educational program; disease management; smartphone app;
mental health; mobile phone

Introduction
Background
Psoriasis is a common, chronic inflammatory skin disease that
affects approximately 2.53% of the German population and has
a significant impact on physical and mental health [1-3]. In
addition to physical symptoms such as pain and itching, patients
with psoriasis report stigmatization, shame, lack of
self-confidence, depression, and anxiety as major impairments
[4-6]. Moreover, low therapy adherence in patients and
consequent poor disease control results from a lack of
knowledge regarding the disease [7].
For several different chronic diseases, educational programs
are part of routine care because they improve patients’
self-management skills and reduce disease activity [8]. A routine
educational program is not in place to cater to patients who wish
to be better informed about their illness and more involved in
therapy decisions [7-9]. The pilot study conducted by Bubak et
al [10] showed that an educational program for patients with
psoriasis alone leads to a significant improvement in the
knowledge of their disease and to an amelioration of general
health, but not to an improvement in mental health. Several
other studies have reported educational programs as valid tools
to improve self-expertise, therapy adherence, and quality of life
in patients with psoriasis; encourage lifestyle changes; and
reduce disease severity [11-14].
Another possibility to improve patient care is using eHealth
devices. Since 2019, Germany has allowed the prescription of
scientifically validated digital health apps. In several studies,
eHealth devices have shown positive effects on common chronic
diseases such as diabetes, hypertension, chronic heart failure,
and asthma [15-18]. For psoriasis, the data are still limited;
however, digital care seems to be as safe and effective as regular
in-person care [19-21]. So far, no studies that evaluate
smartphone apps for long-term disease management in psoriasis
exist.

Objectives
In this study, we combined the educational program already
presented by Bubak et al [10] with a disease management
smartphone app, generating a new possibility to strengthen
patients’ self-management, reduce disease burden, and build a
more trusting doctor-patient relationship. In a first interim
analysis of this study, after 6 months, a significant improvement
in depressive symptoms was found in the intervention group
receiving the educational program and the study app. In addition,
a clear impact of the app use frequency was assessed. Patients
using the app <20% (ie, less than once every 5 weeks) had a
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significantly stronger reduction in depressive and anxiety
symptoms [22]. This study investigates the long-term effects
over 60 weeks of a patient educational program combined with
a psoriasis app on the mental health of patients with psoriasis
and examines the mediating effect of app use frequency more
closely.

Methods
Study Design and Patients
This intervention study was undertaken at the Department of
Dermatology, Venereology, and Allergology at the University
Medical Center Mannheim, Germany, between January 2018
and June 2020. Patients were recruited at the outpatient clinic,
where they were asked to participate in the study while attending
their regular doctors’ appointments. Eligible patients were aged
18 to 75 years, able to provide written informed consent, had a
physician-confirmed diagnosis of moderate-to-severe psoriasis
(defined as Psoriasis Area and Severity Index [PASI] score >10;
body surface area >10; Dermatology Life Quality Index [DLQI]
score >10; psoriatic involvement of the scalp, palms, soles, and
genital area; or psoriatic nail involvement of at least 2 nails).
The exclusion criteria were the inability to provide written
informed consent and no access to a smartphone.
The study was conducted in accordance with the Declaration
of Helsinki and approved by the Medical Ethics Committee of
the Medical Faculty Mannheim, Heidelberg University (ethics
approval 2017-655N-MA). The trial is registered at Deutsches
Register
Klinische
Studien
(registration
number:
DRKS00020755). Written informed consent was provided by
each patient before their participation in the study. Eligible
participants were randomized into an intervention or control
group in a 1:1 ratio. For this purpose, sealed envelopes labeled
intervention group or control group were randomly assigned
to each patient during the baseline visit.
The control group (n=53) started the 60-week study period with
their baseline visit in week 0, when they indicated
sociodemographic and psoriasis-related data. In addition, the
PASI (range 0-72), DLQI (range 0-30), Hospital Anxiety and
Depression Scale–Anxiety/Depression (HADS-A/D; range 0-21
for anxiety and depression each), and numeric rating scales for
skin pain and pruritus (range 0-10 each) were assessed.
Furthermore, the patients indicated how much psoriasis
negatively affected their mood and daily activity levels during
the past weeks on a Likert scale (range 0-3 each; 0=not at all,
1=a little, 2=fairly, and 3=very). In-person follow-up visits with
the same assessments took place at weeks 12, 24, and 36 and
the final visit at week 60 (Figure 1).
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Figure 1. Consolidated Standards of Reporting Trials (CONSORT) flow diagram of the study cohort.

The intervention group (n=54) participated in the same baseline
and follow-up visits as the control group. In addition, they
attended a 2-hour-long educational program on the topic of
psoriasis, which was held by specialists in dermatology (AS
and JB) after the baseline visit (Figure 1). The educational
program was held in a group setting and included information
on psoriasis pathogenesis, therapy options, and comorbidities
(Multimedia Appendix 1) [10]. Each participant received a
personal anonymized access code and an introduction to our
psoriasis monitoring app DermaScope Mobile (Multimedia
Appendices 2 and 3). For 60 weeks, the patients were able to
document their psoriasis regularly by photodocumentation of
their skin and answering health questionnaires regarding their
quality of life, mood, activity, pain, and pruritus via the app.
App use frequency for adding new data was limited to once a
week. Furthermore, the patients could contact specialized
dermatologists unrestrictedly (AS and JB) via a chat feature
within the app. Consort eHealth checklist can be found in the
Multimedia Appendix 4.

Outcomes
The primary end point was a significant reduction in the
HADS-D/-A in the intervention group at the follow-up visits
compared with the control group. Secondary endpoints were
the reduction in the PASI and numeric rating scale for pruritus
and pain and an improvement in the DLQI and mood and daily
activity Likert Scales at the follow-up. Modulating effects of
sex, age, disease duration, and app use frequency were evaluated
for each time point.
https://mhealth.jmir.org/2021/10/e28149
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Statistical Analysis
Linear panel data regression analyses estimated the trajectories
of the outcomes. Random-effect regressions determined the
main and interaction effects of group membership (intervention
vs control group; interaction week x group in Multimedia
Appendix 5) and visit time point (interaction week in Multimedia
Appendix 5) on HADS-D, HADS-A, DLQI, mood, daily
activity, PASI, pruritus, and pain (Multimedia Appendix 5).
Two models of adjustment were calculated. One was unadjusted,
whereas the other was adjusted for sex, age, and disease
duration. In additional analyses, the effects of the app use
frequency over 60 weeks were included (group membership:
control vs <20% vs ≥20% use; interaction week x group in
Multimedia Appendix 6). The chosen cutoff of 20% equals
one-time use every 5 weeks. Variables were transformed to
approach normal distribution (power transform square root of
HADS-D and HADS-A, log10 of DLQI, and square of mood;
no transformation of daily activity, pruritus, and pain). All
statistical analyses were performed using STATA SE 14
(StataCorp LLC). A statistically significant difference was
assumed at P≤.05.

Results
Study Cohort
This study was conducted between January 2018 and June 2020.
Of the 538 patients assessed, 431 (80.1%) were found to be
ineligible because of lack of time, distance to our outpatient
JMIR Mhealth Uhealth 2021 | vol. 9 | iss. 10 | e28149 | p. 3
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clinic, and no access to a smartphone. Of the 538 patients, 107
(19.9%) patients joined the study. After randomization to the
control (53/107, 49.5%) or intervention (54/107, 50.5) groups,
all patients participated in the baseline visit. After the baseline
visit, 10.3% (11/107) of patients discontinued the study (control
group: 4/11, 36%; intervention group: 7/11, 64%). The
remaining 87% (47/54) of patients in the intervention group
attended the educational program. Until week 60, 20% (10/49)
of patients from the control group and 19% (9/47) of patients
from the intervention group discontinued the study (Figure 1).
The most common reasons for withdrawal were lack of time
(12/107, 11.2%) and unavailability or nonappearance (10/107,
9.3%). Other reasons included distance to our outpatient clinic
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or relocating (4/107, 3.7%), poor health status (2/107, 1.9%),
and other reasons (3/107, 2.8%). Of the 107 patients, 77 (72.0%)
completed the study; 74% (39/53) from the control group and
70.4% (38/54) from the intervention group completed the study.
Over the entire study period, the demographic, socioeconomic,
and psoriasis-related characteristics were well balanced between
the control and intervention groups (Tables 1 and 2), except for
a slightly older control group (P=.04). At week 60, 9% (7/77)
of patients were treated with disease-modifying antirheumatic
drugs, and 64% (49/77) were treated with biologics. Of the 77
patients, 16 (21%) received topical or phototherapy, 2 (3%)
received other systemic drugs, and 3 (4%) were not treated with
any antipsoriatic therapy.
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Table 1. Characteristics of the study cohort at weeks 0 (N=107).
Characteristic at week 0a

Overall

Control group (n=53)

Intervention group (n=54)

P value

Female

42 (39.3)

23 (43)

19 (35)

.38b

Male

65 (60.7)

30 (57)

35 (65)

.38b

Mean (SD)

49.1 (12.1)

51.7 (11.8)

46.5 (11.9)

.03c

Median (IQR)

51.0 (42-57)

53.0 (49-59)

48.0 (36-54)

.03c

Mean (SD)

29.1 (5.7)

29.3 (6.1)

28.9 (5.3)

.72b

Median (IQR)

28.3 (24.8-32.5)

28.3 (24.7-32.2)

28.2 (24.9-32.5)

.72b

Mean (SD)

1.1 (1.5)

1.1 (1.5)

1.2 (1.5)

.68c

Median (IQR)

1.0 (0-2)

0.0 (0-2)

1.0 (0-1.5)

.68c

35 (32.7)

20 (38)

15 (28)

.27b

Mean (SD)

18.9 (14.6)

20.4 (15.5)

17.5 (13.7)

.31c

Median (IQR)

15.0 (6-28)

18.0 (7-34)

13.0 (6-26)

.31c

46 (43.0)

24 (45)

22 (42)

.76b

Topical or UV therapy

31 (29.0)

14 (26)

17 (31)

.43b

DMARDSd

17 (15.9)

6 (11)

11 (20)

.43b

Others

1 (0.9)

1 (2)

0 (0)

.43b

Biologicals

51 (47.7)

29 (55)

22 (41)

.43b

No therapy

7 (6.5)

3 (6)

4 (7)

.43b

Mean (SD)

5.3 (4.7)

5.2 (5.0)

5.3 (4.3)

.94c

Median (IQR)

4.0 (1-8)

3.0 (1-8)

4.5 (2-8)

.94c

Mean (SD)

6.9 (4.4)

7.0 (4.9)

6.7 (3.8)

.66c

Median (IQR)

6.0 (3-10)

6.0 (3-10)

6.0 (4-9)

.66c

Mean (SD)

8.2 (8.0)

8.5 (8.5)

7.9 (7.6)

.69c

Median (IQR)

5.0 (2-13)

5.0 (3-12)

5.0 (2-13)

.69c

Mean (SD)

1.2 (1.2)

1.2 (1.2)

1.2 (1.2)

.92c

Median (IQR)

1.0 (0-2)

1.0 (0-2)

1.0 (0-2)

.92c

Sex, n (%)

Age (years)

BMI (kg/m2)

Alcohol (days/week)

Smoker, n (%)
Duration of psoriasis (years)

Psoriatic arthritis, n (%)
Antipsoriatic therapy, n (%)

HADS-De (range 0-21)

HADS-Af (range 0-21)

DLQIg (range 0-30)

Mood (range 0-3)

Daily activity (range 0-3)
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Overall

Control group (n=53)

Intervention group (n=54)

P value

Mean (SD)

1.3 (1.1)

1.4 (1.1)

1.1 (1.1)

.30c

Median (IQR)

1.0 (0-2)

1.0 (0-2)

1.0 (0-2)

.30c

Mean (SD)

5.1 (5.2)

5.1 (5.1)

5.0 (5.4)

.98c

Median (IQR)

3.0 (1.4-7.6)

3.6 (1.4-7.2)

3.0 (1.5-7.6)

.98c

Mean (SD)

2.0 (2.4)

2.2 (2.7)

1.9 (2.2)

.53c

Median (IQR)

1.0 (0-4)

1.0 (0-3)

1.0 (0-4)

.53c

Mean (SD)

3.0 (2.7)

3.2 (3.1)

2.8 (2.2)

.35c

Median (IQR)

2.0 (1-5)

2.0 (1-5)

2.0 (1-4)

.35c

<20%

20 (18.7)

0 (0)

20 (37)j

<.001b

≥20%

20 (18.7)

0 (0)

20 (37)j

<.001b

No app use

67 (62.6)

53 (100)

14 (26)j

<.001b

PASIh (range 0-72)

Pain (range 0-10)i

Pruritus (range 0-10)

App use frequency, n (%)

a

Data for sex, age, BMI, smoking, alcohol consumption, psoriasis duration, psoriasis arthritis, and therapy were collected at week 0 only.

b

Categorical variables were analyzed using the chi-square test.

c

Continuous variables were analyzed using the t test.

d

DMARDs: disease-modifying antirheumatic drugs.

e

HADS-D: Hospital Anxiety and Depression Scale–Depression.

f

HADS-A: Hospital Anxiety and Depression Scale–Anxiety.

g

DLQI: Dermatology Life Quality Index.

h

PASI: Psoriasis Area and Severity Index.

i

For 1 patient, data for weight and height were missing.

j

App use frequency for week 0 was identified retrospectively in weeks 0 to 12. From the intervention group, 14 patients did not download the app at all
or dropped out of the study. Therefore, they could not be divided into app use frequency subgroups.
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Table 2. Characteristics of the study cohort at weeks 60 (N=77).
Characteristics week 60

Overall (n=77)

Control group (n=39)

Intervention group (n=38) P value

Female

28 (36)

13 (33)

15 (39)

.58a

Male

49 (64)

26 (67)

23 (61)

.58a

Mean (SD)

49.6 (11.7)

52.3 (10.5)

46.9 (12.3)

.04b

Median (IQR)

52.0 (45-57.0)

54.0 (50-59)

48.0 (39-54)

.04b

Mean (SD)

28.3 (5.6)

28.9 (6.3)

27.6 (4.7)

.33b

Median (IQR)

26.6 (24.5-31.7)

26.6 (24.5-31.2)

26.0 (24.2-32.5)

.33b

Mean (SD)

1.3 (1.6)

1.3 (1.6)

1.3 (1.7)

.99b

Median (IQR)

1.0 (0-2.5)

1.0 (0-3)

1.0 (0-2)

.99b

26 (34)

16 (41)

10 (27)

.17a

Mean (SD)

19.2 (14.8)

21.2 (16.1)

17.1 (13.1)

.22b

Median (IQR)

15.0 (6-28)

18.0 (7-37)

13.5 (6-24)

.22b

35 (45.5)

20 (51.3)

15 (39.5)

.35a

Topical or UV therapy

16 (21)

5 (13)

11 (29)

.07a

DMARDSc

7 (9)

3 (8)

4 (11)

.07a

Others

2 (3)

0 (0)

2 (5)

.07a

Biologicals

49 (64)

28 (72)

21 (55)

.07a

No therapy

3 (4)

3 (8)

0 (0)

.07a

Mean (SD)

4.0 (4.4)

4.1 (4.2)

4.0 (4.5)

.94b

Median (IQR)

2.0 (0-7)

3.0 (0-7)

2.0 (0-7)

.94b

Mean (SD)

5.5 (3.8)

6.0 (4.0)

4.9 (3.5)

.22b

Median (IQR)

5.0 (2-8)

6.0 (2-8)

4.0 (2-7)

.22b

Mean (SD)

4.1 (5.5)

3.7 (4.1)

4.4 (5.5)

.56b

Median (IQR)

1.0 (1-7)

1.0 (1-7)

1.0 (1-8)

.56b

Mean (SD)

0.7 (0.7)

0.7 (0.7)

0.6 (0.8)

.71b

Median (IQR)

1.0 (0-1)

1.0 (0-1)

0.5 (0-1)

.71b

0.6 (0.7)

0.6 (0.7)

0.5 (0.7)

.59b

Sex, n (%)

Age (years)

BMI (kg/m2)

Alcohol (days/week)

Smoker n (%)
Duration of psoriasis (years)

Psoriatic arthritis, n (%)
Antipsoriatic therapy, n (%)

HADS-D (range 0-21)d

HADS-A (range 0-21)e

DLQI (range 0-30)f

Mood (range 0-3)

Daily activity (range 0-3)
Mean (SD)
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Overall (n=77)

Control group (n=39)

Intervention group (n=38) P value

0.0 (0-1)

0.0 (0-1)

0.0 (0-1)

.59b

Mean (SD)

2.6 (3.0)

2.6 (2.9)

2.7 (3.3)

.90b

Median (IQR)

1.5 (0.4-3.4)

1.7 (0-3.4)

1.4 (0.6-3.4)

.90b

Mean (SD)

1.5 (2.5)

2.0 (2.8)

1.0 (2.0)

.10b

Median (IQR)

0.0 (0-2.5)

0.0 (0-3)

0.0 (0-1)

.10b

Mean (SD)

1.8 (2.1)

1.8 (2.1)

1.8 (2.2)

.95b

Median (IQR)

1.0 (0-3)

1.0 (0-3)

1.0 (0-3)

.95b

<20%

15 (20)

0 (0)

15 (39)

<.001a

≥20%

18 (23)

0 (0)

18 (47)

<.001a

No app use

44 (57)

39 (100)

5 (13)

<.001a

Median (IQR)
PASI (range 0-72)g

Pain (range 0-10)h

Pruritus (range 0-10)

App use frequency, n (%)

a

Categorical variables were analyzed using the chi-square test.

b

Continuous variables were analyzed using the t test.

c

DMARDs: disease-modifying antirheumatic drugs.

d

HADS-D: Hospital Anxiety and Depression Scale–Depression.

e

HADS-A: Hospital Anxiety and Depression Scale–Anxiety.

f

DLQI: Dermatology Life Quality Index.

g

PASI: Psoriasis Area and Severity Index.

h

For 1 patient, data for pain were missing at week 60.

Outcomes
The significant reduction in the HADS-D in the intervention
group compared with that in the control group found at weeks
12 and 24 did not persist in weeks 36 and 60 (interaction week
x intervention: week 12: coefficient=–0.289, P=.04; week 24:

coefficient=–0.397, P=.005; week 36: coefficient=0.231, P=.12;
week 60: coefficient=0.15, P=.32; Model 0 in Multimedia
Appendix 5 and Figure 2). The HADS-D score was significantly
lower in both groups at week 60 compared with the score at the
baseline visit (interaction week 60: coefficient=0.23, P=.03;
Model 0 in Multimedia Appendix 5).

Figure 2. Significant improvement of the HADS-D score in patients with psoriasis by combining an educational program with a psoriasis app over 24
weeks. HADS-D: Hospital Anxiety and Depression Scale–Depression. *P≤.05, **P≤.01.
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The improvement found in the HADS-A in all patients until
week 24 also did not persist in weeks 36 and 60 (interaction
week: week 12: coefficient=–0.194, P=.02; week 24:
coefficient=–0.221, P=.01; week 36: coefficient=–0.16, P=.08;
week 60: coefficient=–0.17, P=.06; Model 0 in Multimedia

Domogalla et al
Appendix 5). A tendency for a stronger reduction of the
HADS-A in the intervention group compared with the control
group was assessed at week 60 (interaction week x intervention:
week 60: coefficient=–0.24, P=.06; Model 0 in Multimedia
Appendix 5; Figure 3).

Figure 3. Effects of an educational program combined with a disease management psoriasis app on the HADS-D score over 60 weeks. HADS-D:
Hospital Anxiety and Depression Scale–Depression.

A significant reduction in the DLQI was observed at weeks 24
and 60 in all patients but not in weeks 12 and 36 (interaction
week: week 12: coefficient=–0.24, P=.08; week 24:
coefficient=–0.37, P=.007; week 36: coefficient=–0.26, P=.07;
week 60: coefficient=–0.56, P<.001; Model 0 in Multimedia
Appendix 5). There were no significant differences assessed
between the study groups (Model 0 in Multimedia Appendix
5).
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In both study groups, the mood of the patients with psoriasis
was ameliorated. Compared with scores in the baseline visit,
significantly lower scores on the Likert scale were found in all
the following visits in all patients (interaction week: week 12:
coefficient=–1.80, P=.006; week 24: coefficient=–2.12, P=.001;
week
36:
coefficient=–1.83,
P=.009;
week
60:
coefficient=–2.64, P<.001; Model 0 in Table 3). However, group
membership had no significant effect (Model 0 in Table 3).
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Table 3. Characteristics of the study cohort divided by app use frequency of more or less than 20% at week 60 (N=38).a
Overall

App use frequency <20% (n=15) App use frequency ≥20% (n=18) P value

Female

15 (39)

5 (33)

9 (50)

.50b

Male

23 (61)

10 (67)

9 (50)

.50b

Mean (SD)

46.9 (12.3)

45.0 (14.1)

47.7 (10.8)

.99c

Median (IQR)

48.0 (39-54)

47.0 (28-53)

49.0 (40-54)

.99c

Mean (SD)

27.6 (4.7)

27.5 (5.1)

27.7 (4.4)

.99c

Median (IQR)

26.0 (24.2-32.5)

27.5 (22.5-32.5)

26.0 (24.8-32.7)

.99c

Mean (SD)

1.3 (1.7)

1.5 (1.3)

1.2 (1.8)

.99c

Median (IQR)

1.0 (0-2.0)

1.0 (1-2.0)

1.0 (0-1)

.99c

10 (26.3)

2 (13.3)

5 (27.8)

.13b

Yes

34 (89)

13 (87)

17 (94)

.15b

No

3 (8)

1 (7)

1 (6)

.15b

Retired

1 (3)

1 (7)

0 (0)

.15b

No final school examination

1 (3)

0 (0)

1 (6)

.23b

Final school examination after 9 yearse

5 (13)

1 (7)

3 (17)

.23b

Final school examination after 10 yearsf

9 (24)

4 (27)

4 (22)

.23b

Vocational diplomag

4 (11)

1 (7)

2 (11)

.23b

General qualification for university en-

5 (13)

2 (13)

2 (11)

.23b

14 (37)

7 (47)

6 (33)

.23b

Mean (SD)

17.1 (13.1)

19.7 (14.3)

14.3 (12.1)

.91c

Median (IQR)

13.5 (6-24)

23.0 (6-28)

9.0 (6-20)

.91c

15 (39.5)

8 (53.3)

6 (35.3)

.49b

Topical or UV therapy

11 (29)

2 (13)

7 (39)

.12b

DMARDSi

4 (11)

2 (13)

0 (0)

.12b

Others

2 (5)

1 (7)

1 (6)

.12b

Biologicals

21 (55)

10 (67)

10 (56)

.12b

No therapy

0 (0)

0 (0)

0 (0)

.12b

4.0 (4.5)

2.3 (3.4)

5.4 (5.2)

.15c

Characteristics week 60
Sex, n (%)

Age (years)

BMId (kg/m2)

Alcohol (days/week)

Smoker, n (%)
Employed, n (%)

Graduation level, n (%)

tranceh
University degree
Duration of psoriasis (years)

Psoriatic arthritis, n (%)
Antipsoriatic therapy, n (%)

HADS-Dj (range 0-21)
Mean (SD)
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Characteristics week 60

Overall

App use frequency <20% (n=15) App use frequency ≥20% (n=18) P value

Median (IQR)

2.0 (0-7)

1.0 (0-3)

4.0 (1-9)

.15c

Mean (SD)

4.9 (3.5)

4.2 (3.1)

5.6 (3.5)

.83c

Median (IQR)

4.0 (2-7)

4.0 (1-6)

5.0 (3-7)

.83c

Mean (SD)

4.4 (5.5)

3.4 (4.9)

5.4 (6.2)

.70c

Median (IQR)

1.0 (1-8)

1.0 (1-6)

3.0 (1-9)

.70c

Mean (SD)

0.6 (0.8)

0.5 (0.6)

0.8 (0.8)

.61c

Median (IQR)

0.5 (0-1)

0.0 (0-1)

1.0 (0-1)

.61c

Mean (SD)

0.5 (0.7)

0.4 (0.6)

0.7 (0.8)

.63c

Median (IQR)

0.0 (0-1)

0.0 (0-1)

1.0 (0-1)

.63c

Mean (SD)

2.7 (3.3)

2.3 (3.7)

2.5 (2.6)

.99c

Median (IQR)

1.4 (0.6-3.4)

1.2 (0.2-1.5)

1.85 (0.6-3.4)

.99c

Mean (SD)

1.0 (2.0)

0.8 (1.2)

1.6 (2.6)

.99c

Median (IQR)

0.0 (0-1)

0.0 (0-2)

0.5 (0-2)

.99c

Mean (SD)

1.8 (2.2)

2.1 (2.7)

1.9 (2.0)

.99c

Median (IQR)

1.0 (0-3)

1.0 (0-3)

1.5 (0-3)

.99c

HADS-Ak (range 0-21)

DLQIl (range 0-30)

Mood (range 0-3)

Daily activity (range 0-30)

PASIm (range 0-72)

Pain (range 0-10)d

Pruritus (range 0-10)

a

Data for sex, age, BMI, smoking, alcohol consumption, employment status, graduation level, psoriasis duration, psoriasis arthritis, and therapy were
collected at week 0 only.
b

Categorical variables were analyzed using the chi-square test.

c

Continuous variables were analyzed using the Bonferroni-test.

d

For 1 patient, data for weight and height were missing, and for 1 patient, data for pain was missing at week 60. In the intervention group, 5 patients
did not download the app at all. Therefore, they could not be divided into the app use frequency subgroups.
e

Lowest Certificate of Secondary Education in Germany.

f

Roughly equal to the General Certificate of Secondary Education (no university entrance qualification).

g

Final school examination after 12 years in combination with vocational education (university entrance qualification for specific degrees only).

h

Final school examination after 13 years.

i

DMARD: disease-modifying antirheumatic drug.

j

HADS-D: Hospital Anxiety and Depression Scale–Depression.

k

HADS-A: Hospital Anxiety and Depression Scale–Anxiety.

l

DLQI: Dermatology Life Quality Index.

m

PASI: Psoriasis Area and Severity Index.

Likewise, a significant reduction in the impairment of daily
activities on the Likert scale was found in all follow-up visits
compared with baseline visits in both groups, with no significant
difference between the study groups (interaction week: week
12: coefficient=–0.51, P<.001; week 24: coefficient=–0.53,
P<.001; week 36: coefficient=–0.55, P<.001; week 60:
coefficient=–0.68, P<.001; Model 0 in Table 3).
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There was also a significant reduction in the PASI scores
observed over the 60 weeks compared with those at week 0 in
all patients (interaction week: week 12: coefficient=–0.24,
P=.04; week 24: coefficient=–0.29, P=.008; week 26:
coefficient=–0.23, P=.04; week 60: coefficient=–0.38, P=.001;
Model 0 in Table 3). Group membership had no significant
effect (Model 0 in Table 3; Figure 4).
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Figure 4. Effects of an educational program combined with a disease management psoriasis app on the PASI score over 60 weeks. PASI: Psoriasis
Area and Severity Index.

A significant reduction in pruritus was assessed in the control
and intervention groups at week 60 compared with that at
baseline, with no significant difference between the 2 groups
(interaction week: week 60: coefficient=–0.97, P=.02; Model
0 in Table 3).
No effects were found on the numerical rating scale for skin
pain (Model 0 in Table 3).
These findings did not differ if adjusted for sex, age, and disease
duration (matching coefficients and P values under Model 1 in
Table 3).

use every 5 weeks). Both groups showed similar characteristics
(Table 3). Neither demographic nor socioeconomic or
disease-related characteristics had any influence on app use
frequency.
The significant reduction in the HADS-D at weeks 12 and 24
persisted until week 60 in patients, with an app use frequency
<20% compared with that of the control group (interaction week
x <20%: week 12: coefficient=–0.39, P=.03; week 24:
coefficient=–0.53, P=.004; week 36: coefficient=–0.56, P=.004;
week 60: coefficient=–0.39, P=.04; Model 0 in Multimedia
Appendix 6; Figure 5).

App Use Frequency Subgroup Analysis
The intervention group was divided into 2 groups, with patients
using the app more or less frequently than 20% (equals one-time
Figure 5. Significant improvement of the HADS-D score in patients with psoriasis using the psoriasis app less than once every 5 weeks (<20%)
compared with the control group over 60 weeks. HADS-D: Hospital Anxiety and Depression Scale–Depression. *P≤.05, **P≤.01.

Furthermore, patients with an app use frequency of <20%
showed a significant reduction in the HADS-A at weeks 36 and
60 (interaction week x <20%: week 36: coefficient=–0.34;
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P=.04; week 60: coefficient=–0.33; P=.05; Model 0 in
Multimedia Appendix 6; Figure 6).
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Figure 6. Significant improvement of the HADS-D score in patients with psoriasis using the psoriasis app less than once every 5 weeks (<20%)
compared with the control group over 60 weeks. HADS-D: Hospital Anxiety and Depression Scale–Depression. *P≤.05.

In patients using the app >20%, no significant reduction in the
HADS-D/-A was observed over the 60-week study period
(Model 0 in Multimedia Appendix 6; Figures 5 and 6).
For the DLQI, mood, daily activity, PASI, and skin pruritus and
pain, no differences in the subgroup analysis were found

compared with the analysis of the whole group (Model 0 in
Multimedia Appendix 6; PASI in Figure 7). These results were
independent of sex, age, and disease duration (matching
coefficients and P values in Model in Multimedia Appendix 6).

Figure 7. Effects of an educational program combined with a disease management psoriasis app on the PASI score of the subgroups using the psoriasis
app more (≥20%) or less (<20%) than once every 5 weeks. PASI: Psoriasis Area and Severity Index.

Discussion
Principal Findings
In this study, we analyzed the effects of an educational program
combined with an eHealth smartphone app on the clinical
outcomes of patients with psoriasis. We were able to show that
this intervention can significantly assist in improving depression
and anxiety in patients with psoriasis. Educational programs
have proven to be effective in increasing knowledge, quality of
life, and self-efficacy in patients with psoriasis in the past
[11-14]. To analyze the additional benefits of a disease
management app, we tested the educational program applied in
this study in a pilot trial first. The trial showed that the
educational program per se could lead to a significant
improvement in knowledge and self-expertise about the disease
and to an amelioration of general health but not to an
https://mhealth.jmir.org/2021/10/e28149
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improvement in patients’ mental health [10]. Therefore, we are
convinced that the smartphone app used in this study provides
an additional psychological benefit. Improvements in quality
of life were also reported by Armstrong et al [23] in an
American randomized controlled equivalency trial, in which
296 patients were randomly assigned to either a web-based or
in-person care group. eHealth devices such as the one used in
this study can probably increase the sense of security in patients
by giving them the opportunity to always contact the treating
physician using the chat function. In addition, the app might
have assisted in building a long-term trusting relationship with
the doctor, allowing patients to feel more comfortable with the
questions, concerns, and fears about their disease. Furthermore,
the combined intervention might have led to a better
self-perception of patients’ mental health and disease status by
the regular self-report of life quality and mood as well as
photodocumentation of the skin. This could have given patients
JMIR Mhealth Uhealth 2021 | vol. 9 | iss. 10 | e28149 | p. 13
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a more structured overview of their disease and thus a greater
sense of control. A study by Blome et al [24] showed that greater
control is stated as a relevant treatment goal by 92.3% of patients
with psoriasis. The fulfillment of this goal can lead to a higher
level of satisfaction, which has the potential to reduce
depression.
Others have noted that some effects achieved by educational
programs vanish after about 6 months [11,13]. In accordance
with this, we also observed a significant reduction in the
HADS-D score in the intervention group only in the first 6
months. Further studies are needed to determine whether it is
possible to lengthen this effect with another educational program
after 6 months or by providing regular educational information
via the app. Interestingly, a stronger reduction in depression
and anxiety levels persisting over the entire 60-week study
period was seen in patients using the app less than once every
5 weeks. More frequent app use did not worsen mental health,
and there was no further benefit compared with the control
group. In accordance with the findings of Ancker et al [25] and
Seppen et al [26], we assume that chronically ill patients such
as patients with psoriasis do not want to be reminded about their
disease too often. New and highly efficient psoriasis treatments
such as biologics often lead to lesion-free skin, helping patients
feel that they are not sick anymore. Too frequent app use could
counteract this effect. We are convinced that an optimal app
use frequency needs to be identified for patients. Our data
indicate that an app use frequency of approximately once every
5 weeks could be the most beneficial; however, more scientific
data are needed.
Web-based care models reduce health care system–related costs
and can improve patients’ lives by decreasing the number of

Domogalla et al
clinic visits [23,27,28]. On the patients’ side, this means less
absence at work and saved time. Therefore, the implementation
of scientifically validated eHealth devices for chronic diseases
such as psoriasis seems to be favorable. It will be important to
determine how to encourage patients to engage in continuous
app use over a long period and whether telemedicine can replace
in-person visits or simply support patients' care [19-21,24].

Limitations
The major limitations of our study are the monocentric design,
small study cohort, and limited generalizability of the results.
In particular, the number of patients in the subgroups divided
by app use frequency was quite low, which could have led to
missed or overinterpreted differences between the groups. In
addition, the age of our patients was slightly higher than that in
other psoriasis studies and differed between the control and
intervention groups. The initial PASI score was lower than in
other studies, and the percentage of patients treated with
systemic therapy was quite high, which could have led to
undetected effects. Further studies are necessary to verify our
findings on a broader scale and in a multicenter setting.

Conclusions
In conclusion, the educational program combined with the
psoriasis app had a positive impact on the mental health of
patients with psoriasis if not used too frequently. The provision
of valid and comprehensible knowledge about their own disease
and web-based support has the potential to improve health care
for patients with psoriasis. Therefore, educating and supporting
patients with psoriasis using digital health devices seems to be
a promising additional component in the disease management
of psoriasis in the long run.

Acknowledgments
The authors are thankful for the financial support of Novartis GmbH for implementing this study and the support of the physicians
and nursing staff of the Department of Dermatology of the University Medical Center Mannheim. All named authors and Novartis
GmbH had full access to the study data and approved the manuscript. The patients in this study have provided written informed
consent for the publication of their case details.

Conflicts of Interest
LD, AB, and TSH obtained financial compensation for poster presentations at congresses from Novartis GmbH. RH declares no
conflicts of interest. AS conducted clinical trials for AbbVie, Boehringer-Ingelheim, Celgene, Eli Lilly, Janssen-Cilag, LEO
Pharma, Merck, Novartis GmbH, and Pfizer; is a consultant for LEO Pharma; and received financial support from Janssen-Cilag
and Novartis GmbH and support for conferences from AbbVie, Janssen-Cilag, Novartis GmbH, and Pfizer. AS and JB are the
CEOs and owners of Derma Intelligence GmbH, which programmed DermaScope Mobile.

Multimedia Appendix 1
Content overview of the psoriasis educational program.
[PNG File , 336 KB-Multimedia Appendix 1]

Multimedia Appendix 2
App design of the study app DermaScope Mobile.
[PNG File , 755 KB-Multimedia Appendix 2]

Multimedia Appendix 3
Clinic dashboard of the study app DermaScope Mobile.
https://mhealth.jmir.org/2021/10/e28149

XSL• FO
RenderX

JMIR Mhealth Uhealth 2021 | vol. 9 | iss. 10 | e28149 | p. 14
(page number not for citation purposes)

JMIR MHEALTH AND UHEALTH

Domogalla et al

[PNG File , 1325 KB-Multimedia Appendix 3]

Multimedia Appendix 4
CONSORT-EHEALTH (Consolidated Standards of Reporting Trials eHealth) checklist (V 1.6.1).
[PDF File (Adobe PDF File), 1201 KB-Multimedia Appendix 4]

Multimedia Appendix 5
Random effect regression models over 60 weeks; model 0, unadjusted, and model 1, adjusted for age, sex, and disease duration.
[DOCX File , 33 KB-Multimedia Appendix 5]

Multimedia Appendix 6
Random effect regression models of the app use frequency subgroups <20% and ≥20% over 60 weeks (N=93; observed=411).
[DOCX File , 20 KB-Multimedia Appendix 6]

References
1.

2.

3.
4.

5.

6.

7.

8.

9.

10.

11.

12.

13.
14.

15.

Schäfer I, Rustenbach SJ, Radtke M, Augustin J, Glaeske G, Augustin M. [Epidemiology of psoriasis in Germany--analysis
of secondary health insurance data]. Gesundheitswesen 2011 May;73(5):308-313. [doi: 10.1055/s-0030-1252022] [Medline:
20544588]
Augustin M, Krüger K, Radtke MA, Schwippl I, Reich K. Disease severity, quality of life and health care in plaque-type
psoriasis: a multicenter cross-sectional study in germany. Dermatol 2008;216(4):366-372. [doi: 10.1159/000119415]
[Medline: 18319601]
Rapp SR, Feldman SR, Exum ML, Fleischer AB, Reboussin DM. Psoriasis causes as much disability as other major medical
diseases. J Am Acad Dermatol 1999 Sep;41(3):401-407. [doi: 10.1016/s0190-9622(99)70112-x] [Medline: 10459113]
Kurd SK, Troxel AB, Crits-Christoph P, Gelfand JM. The risk of depression, anxiety, and suicidality in patients with
psoriasis: a population-based cohort study. Arch Dermatol 2010 Aug;146(8):891-895 [FREE Full text] [doi:
10.1001/archdermatol.2010.186] [Medline: 20713823]
Ljosaa TM, Mork C, Stubhaug A, Moum T, Wahl AK. Skin pain and skin discomfort is associated with quality of life in
patients with psoriasis. J Eur Acad Dermatol Venereol 2012 Jan;26(1):29-35. [doi: 10.1111/j.1468-3083.2011.04000.x]
[Medline: 21385220]
Schmid-Ott G, Schallmayer S, Calliess IT. Quality of life in patients with psoriasis and psoriasis arthritis with a special
focus on stigmatization experience. Clin Dermatol 2007;25(6):547-554. [doi: 10.1016/j.clindermatol.2007.08.008] [Medline:
18021891]
Renzi C, Di Pietro C, Tabolli S. Participation, satisfaction and knowledge level of patients with cutaneous psoriasis or
psoriatic arthritis. Clin Exp Dermatol 2011 Dec;36(8):885-888. [doi: 10.1111/j.1365-2230.2011.04126.x] [Medline:
21790723]
Larsen MH, Hagen KB, Krogstad A, Aas E, Wahl AK. Limited evidence of the effects of patient education and
self-management interventions in psoriasis patients: a systematic review. Patient Educ Couns 2014 Feb;94(2):158-169.
[doi: 10.1016/j.pec.2013.10.005] [Medline: 24184041]
Dressler C, Lambert J, Grine L, Galdas P, Paul C, Zidane M, et al. Therapeutic patient education and self-management
support for patients with psoriasis - a systematic review. J Dtsch Dermatol Ges 2019 Jul;17(7):685-695. [doi:
10.1111/ddg.13840] [Medline: 31012994]
Bubak C, Schaarschmidt M, Schöben L, Peitsch WK, Schmieder A. Analyzing the value of an educational program for
psoriasis patients: a prospective controlled pilot study. BMC Public Health 2019 Nov 19;19(1):1535 [FREE Full text] [doi:
10.1186/s12889-019-7778-x] [Medline: 31744488]
Bostoen J, Bracke S, De Keyser S, Lambert J. An educational programme for patients with psoriasis and atopic dermatitis:
a prospective randomized controlled trial. Br J Dermatol 2012 Nov;167(5):1025-1031. [doi:
10.1111/j.1365-2133.2012.11113.x] [Medline: 22709422]
Balato N, Megna M, Di Costanzo L, Balato A, Ayala F. Educational and motivational support service: a pilot study for
mobile-phone-based interventions in patients with psoriasis. Br J Dermatol 2013 Jan;168(1):201-205. [doi:
10.1111/j.1365-2133.2012.11205.x] [Medline: 23240729]
Lora V, Gisondi P, Calza A, Zanoni M, Girolomoni G. Efficacy of a single educative intervention in patients with chronic
plaque psoriasis. Dermatol 2009;219(4):316-321. [doi: 10.1159/000250826] [Medline: 19844077]
Larsen MH, Krogstad AL, Aas E, Moum T, Wahl AK. A telephone-based motivational interviewing intervention has
positive effects on psoriasis severity and self-management: a randomized controlled trial. Br J Dermatol 2014
Dec;171(6):1458-1469. [doi: 10.1111/bjd.13363] [Medline: 25143061]
Bonini M. Electronic health (e-health): emerging role in asthma. Curr Opin Pulm Med 2017 Jan;23(1):21-26. [doi:
10.1097/MCP.0000000000000336] [Medline: 27763999]

https://mhealth.jmir.org/2021/10/e28149

XSL• FO
RenderX

JMIR Mhealth Uhealth 2021 | vol. 9 | iss. 10 | e28149 | p. 15
(page number not for citation purposes)

JMIR MHEALTH AND UHEALTH
16.

17.
18.

19.

20.

21.

22.

23.
24.

25.

26.

27.

28.

Domogalla et al

Giordano A, Scalvini S, Zanelli E, Corrà U, Longobardi GL, Ricci VA, et al. Multicenter randomised trial on home-based
telemanagement to prevent hospital readmission of patients with chronic heart failure. Int J Cardiol 2009 Jan
09;131(2):192-199. [doi: 10.1016/j.ijcard.2007.10.027] [Medline: 18222552]
Harno K, Kauppinen-Mäkelin R, Syrjäläinen J. Managing diabetes care using an integrated regional e-health approach. J
Telemed Telecare 2006;12 Suppl 1:13-15. [doi: 10.1258/135763306777978380] [Medline: 16884565]
McManus RJ, Mant J, Bray EP, Holder R, Jones MI, Greenfield S, et al. Telemonitoring and self-management in the control
of hypertension (tasminh2): a randomised controlled trial. Lancet 2010 Jul 17;376(9736):163-172. [doi:
10.1016/S0140-6736(10)60964-6] [Medline: 20619448]
Chambers CJ, Parsi KK, Schupp C, Armstrong AW. Patient-centered online management of psoriasis: a randomized
controlled equivalency trial. J Am Acad Dermatol 2012 Jun;66(6):948-953 [FREE Full text] [doi: 10.1016/j.jaad.2011.05.047]
[Medline: 21890236]
Armstrong AW, Chambers CJ, Maverakis E, Cheng MY, Dunnick CA, Chren M, et al. Effectiveness of online vs in-person
care for adults with psoriasis: a randomized clinical trial. JAMA Netw Open 2018 Oct 05;1(6):e183062 [FREE Full text]
[doi: 10.1001/jamanetworkopen.2018.3062] [Medline: 30646223]
Armstrong AW, Ford AR, Chambers CJ, Maverakis E, Dunnick CA, Chren M, et al. Online care versus in-person care for
improving quality of life in psoriasis: a randomized controlled equivalency trial. J Invest Dermatol 2019
May;139(5):1037-1044 [FREE Full text] [doi: 10.1016/j.jid.2018.09.039] [Medline: 30481495]
Beck A, Schulze-Hagen T, Domogalla L, Herr R, Benecke J, Schmieder A. Effect of a disease-monitoring smartphone
application in combination with a patient educational program on mental health of patients with psoriasis: a randomized
intervention study. J Am Acad Dermatol 2020 Dec 25;S0190-9622(20):33246. [doi: 10.1016/j.jaad.2020.12.048] [Medline:
33359785]
Parsi K, Chambers CJ, Armstrong AW. Cost-effectiveness analysis of a patient-centered care model for management of
psoriasis. J Am Acad Dermatol 2012 Apr;66(4):563-570. [doi: 10.1016/j.jaad.2011.02.022] [Medline: 21835497]
Young PM, Chen AY, Ford AR, Cheng MY, Lane CJ, Armstrong AW. Effects of online care on functional and psychological
outcomes in patients with psoriasis: a randomized controlled trial. J Am Acad Dermatol 2019 Jun 05;S0190-9622(19):30893.
[doi: 10.1016/j.jaad.2019.05.089] [Medline: 31175908]
Ancker JS, Witteman HO, Hafeez B, Provencher T, Van de Graaf M, Wei E. "You get reminded you're a sick person":
personal data tracking and patients with multiple chronic conditions. J Med Internet Res 2015 Aug 19;17(8):e202 [FREE
Full text] [doi: 10.2196/jmir.4209] [Medline: 26290186]
Seppen BF, Wiegel J, L'ami MJ, Rico SD, Catarinella FS, Turkstra F, et al. Feasibility of self-monitoring rheumatoid
arthritis with a smartphone app: results of two mixed-methods pilot studies. JMIR Form Res 2020 Sep 21;4(9):e20165
[FREE Full text] [doi: 10.2196/20165] [Medline: 32955447]
Ford AR, Gibbons CM, Torres J, Kornmehl HA, Singh S, Young PM, et al. Access to dermatological care with an innovative
online model for psoriasis management: results from a randomized controlled trial. Telemed J E Health 2019
Jul;25(7):619-627 [FREE Full text] [doi: 10.1089/tmj.2018.0160] [Medline: 30222518]
Oostveen AM, Beulens CA, van de Kerkhof PC, de Jong EM, Seyger MM. The effectiveness and safety of short-contact
dithranol therapy in paediatric psoriasis: a prospective comparison of regular day care and day care with telemedicine. Br
J Dermatol 2014 Feb;170(2):454-457. [doi: 10.1111/bjd.12621] [Medline: 24024678]

Abbreviations
DLQI: Dermatology Life Quality Index
HADS-A: Hospital Anxiety and Depression Scale–Anxiety
HADS-D: Hospital Anxiety and Depression Scale–Depression
PASI: Psoriasis Area and Severity Index

Edited by L Buis; submitted 23.02.21; peer-reviewed by C Liebram, HL Tam; comments to author 13.05.21; revised version received
27.06.21; accepted 22.07.21; published 25.10.21
Please cite as:
Domogalla L, Beck A, Schulze-Hagen T, Herr R, Benecke J, Schmieder A
Impact of an eHealth Smartphone App on the Mental Health of Patients With Psoriasis: Prospective Randomized Controlled Intervention
Study
JMIR Mhealth Uhealth 2021;9(10):e28149
URL: https://mhealth.jmir.org/2021/10/e28149
doi: 10.2196/28149
PMID: 34431478

https://mhealth.jmir.org/2021/10/e28149

XSL• FO
RenderX

JMIR Mhealth Uhealth 2021 | vol. 9 | iss. 10 | e28149 | p. 16
(page number not for citation purposes)

JMIR MHEALTH AND UHEALTH

Domogalla et al

©Lena Domogalla, Alena Beck, Theresa Schulze-Hagen, Raphael Herr, Johannes Benecke, Astrid Schmieder. Originally published
in JMIR mHealth and uHealth (https://mhealth.jmir.org), 25.10.2021. This is an open-access article distributed under the terms
of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work, first published in JMIR mHealth and uHealth, is
properly cited. The complete bibliographic information, a link to the original publication on https://mhealth.jmir.org/, as well as
this copyright and license information must be included.

https://mhealth.jmir.org/2021/10/e28149

XSL• FO
RenderX

JMIR Mhealth Uhealth 2021 | vol. 9 | iss. 10 | e28149 | p. 17
(page number not for citation purposes)

