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Abstract

The objective of this meta-epidemiological study was to develop a rating that captures par-
ticipants’ motivation at the study level in digital health intervention (DHI) randomised con-
trolled trials (RCTs). The rating was used to investigate whether participants’ motivation is
associated with the effect estimates in DHI RCTs for cancer patients. The development of
the rating was based on a bottom-up approach involving the collection of information that
captures participants’ baseline motivation in empirical studies from the Smartphone-RCCT
Database. We specified three indicators for rating: indicator 1 captures whether the study
team actively selects or enhances the motivation of the potential study participants; indicator
2 captures the study participants’ active engagement before the treatment allocation; and
indicator 3 captures the potential bond and trust between the study participants and the per-
son/institution referring to the study. The rating of each indicator and the overall rating varies
between high motivation, moderate motivation, and low motivation. We applied the rating
across 27 DHI RCTs with cancer patients. We performed meta-regression analysis to exam-
ine the effect of patient motivation on quality of life (QoL), psychological outcomes, and attri-
tion. The intraclass correlation coefficient (ICC) indicated moderate to poor inter-rater
reliability. The meta-regression showed that cancer patients’ overall motivation before
engaging in the intervention was associated with the treatment effect of QoL. Patient motiva-
tion was not found to be associated with psychological outcomes or attrition. Subgroup anal-
yses revealed that the clinical effects of DHIs were more prevalent in the high-motivation
subgroups, whereas the low-motivation subgroups were unlikely to show intervention bene-
fits. The likelihood of dropouts from DHIs seems to be especially high among the low-bond
(indicator 3) subgroup. We suggest using single indicators since they reflect specific con-
tent. Better reporting about baseline motivation is required to enable meaningful interpreta-
tions in not only primary studies but also in evidence syntheses.
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Introduction

Patient motivation plays an important role in disease management, particularly for patients
with chronic health conditions who have to actively engage in and maintain health-enhancing
behaviours (i.e., self-management) [1]. For chronic diseases, such as cancer, patients with
higher motivation have better treatment adherence, improved treatment outcomes, and lower
attrition rates [2-4]. Therefore, patient motivation has been considered a key factor for suc-
cessful therapeutic interventions [5].

Digital health interventions (DHIs) show vast potential in promoting health behaviours
and supporting patients and health care systems [6-9], as they enable self-management among
patients with chronic conditions. However, many DHIs experience a high level of attrition
[10]. For example, a previous large-scale DHI study had substantial dropout rates, with a mean
engagement of only 4.1 days [11]. A systematic review of randomised controlled trials (RCTs)
examining DHIs reported a pooled attrition rate of 24.1% at short-term follow-up and 35.5%
at longer-term follow-up [12]. One of the reasons why participants do not engage with DHIs
may be a lack of motivation at the start of the trial [13]. Moreover, it can be assumed that moti-
vated participants are more likely to adhere to and engage with the DHIs consistently, there-
fore enhancing the effectiveness of the intervention. In this regard, it is necessary to take note
of patient motivation in self-care DHI trials. However, participants’ baseline motivation is
rarely examined in DHI trials since there are few tools for measuring motivation in clinical set-
tings [14]. It is not well understood how baseline motivation, as an effect modifier, influences
the effectiveness and attrition rates in DHIs trials. To address this gap, study-level information
can be utilized as proxies to develop a rating for participants’ motivation, enabling researchers
to draw inferences about baseline motivation and the respective consequences on treatment
outcomes.

The concept of patients’ motivation is ambiguous in most measurement tools; furthermore,
the definition of motivation varies across different types of diseases and is influenced by differ-
ent social and cultural backgrounds [14-17]. In our study, the definition of participants’ motiva-
tions closely aligns with Deci and Ryan’s self-determination theory on “intrinsic motivation”
[18, 19], which are internal drives such as core values and interests that influence participants’
own behaviour [20, 21]. We define participants’ motivation as their self-determination and
intrinsic drive to carry out tasks of the offered DHI in order to achieve therapeutic goals. We
are especially interested in an individual’s intrinsic motivation before participating in an inter-
vention of a specific trial. We specifically look for proxies for participants’ intrinsic motivation
in the recruitment and screening process (e.g., interpersonal bond and trust, committed effort),
and we assess participants’ characteristics (e.g., expectations, inherent interest, personal values
and goals, self-efficacy). We do not consider the motivation that is associated with extrinsic
rewards (e.g., financial benefits) or individuals” conflicts (e.g., social pressure, shame).

The first objective of this meta-epidemiological study was to develop a rating that captures
participants’ motivation at the study level in DHI RCTs. The second objective was to use this
rating across a sample of studies to investigate whether participants’ motivation is associated
with the effect estimates in DHI RCTs for cancer patients.

Methods

The study protocol [22] was prospectively registered on the Open Science Framework and is
available at https://osf.io/8ns2q. The registration also contains the appendices detailing the rat-
ing manual and the rating tree diagram.
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The purpose of the rating

The rating was developed to capture motivation of a study sample enrolled in a DHI RCT
(regardless of the control condition). The DHI should involve self-care, where participants
play an active role in disease management. This means that DHIs relying solely on passive
tracking devices were not eligible. Despite the DHI is a self-care intervention, human guidance
was allowed if this was facilitated indirectly through electronic channels.

Development of the rating

We extracted information about recruitment and baseline characteristics from a sample of 20
primary studies in in the Smartphone-RCCT Database [23] (https://osf.io/nxerf/), which is
hosted by our Institute. These 20 studies were selected based on different recruitment strate-
gies to reflect the variability during the enrolment of patients. The development of the rating
of participants’ motivation is based on a bottom-up approach by collecting a variety of study-
level information. We identified different aspects of recruitment strategies and baseline char-
acteristics from these 20 studies that might be associated with participants’ intrinsic motiva-
tion. Since the reporting of some potentially useful aspects for rating was weak, we ultimately
specified three indicators serving as proxies that capture participants’ motivation at baseline
and are likely to be rated across all studies.

The first indicator (labelled “expectation”) captures whether the study team actively selects
or enhances the motivation of the potential study participants. We assumed that the selection
of highly motivated participants or the active communication to increase participants’ motiva-
tion or expectations is associated with better treatment outcomes [24].

The second indicator (labelled “effort”) captures study participants’ active engagement
before the treatment allocation. We assumed that a higher demand for participants’ invest-
ment (e.g., time, effort) before allocation reflects higher motivation among the participants,
which is associated with better treatment outcomes [25].

The third indicator (labelled “bond”) captures the potential bond and trust between study
participants and the person/institution referring to the study. We assumed that a stronger
bond and higher level of trust reflects higher motivation among the participants, which is asso-
ciated with better treatment outcomes [26].

The detailed description of these three indicators and the respective rating guidance are
provided in the rating manual (S1 Appendix). The rating of each indicator varies between high
motivation, moderate motivation, and low motivation. The first and second indicators have
the same weight for the overall rating, and the third indicator has lower weight for the overall
rating. The rationale for the lower weight of the third indicator was that the assessment of the
bond (indicator 3) might be based on more indirect information, whereas the rating of both
other indicators might rely on more direct information. Based on these premises, JB and YY
developed a rating decision tree (S1 Fig) that considers all the rating patterns from the three
indicators to generate an overall rating of participants’ motivation at the study level. The over-
all motivation can range from high to moderate to low.

Study sample for rating

We applied the rating to RCT's that were included in a recently published systematic review
and meta-analysis about the effect of mHealth app interventions on quality of life (QoL) and
psychological outcomes in cancer patients [27]. The control groups in all studies received
usual care, including waitlist control, conventional care, or health education delivered without
the use of the mHealth app. We excluded three studies from our study for the following rea-
sons: in one study, the target person for the app was the caregiver and not the patient [28]; one
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study used a dismantling study design [29] and did not meet our inclusion criteria [30]; and
another study used only an educational intervention and did not require an active engagement
of the patients [31].

Rating and data extraction

Before applying the rating, JB and YY conducted training sessions with EJ and ES (training
record in S2 Appendix) based on a training manual. Afterwards, a pilot testing with five RCTs
from the study sample was undertaken to ensure consistency between these four raters regard-
ing the judgement of the available study-level information. Once the training was completed
and agreement had been achieved, all eligible studies were then rated by these four raters inde-
pendently, and the results were entered into a predesigned rating form. The raters recorded
their certainty of the rating for each indicator independently and made notes about the reason-
ing behind their rating and their certainty. The certainty of the rating has three levels: high cer-
tainty, moderate certainty, and low certainty. Disagreements were discussed between four
raters (EJ, ES, JB, YY) and resolved by a final consensus between two raters (JB, YY). The con-
sensus rating was not a standardized overruling procedure since all concerns of each rater
were considered as valid. The consensus can be considered as re-rating based on the most
comprehensive information taking the confidence of the rating by each raters into consider-
ation. The final consensus of the rating was used as the predictor for meta-regression.

One author (YY) extracted information about treatment outcomes from the tables, flow
diagram, and text of the included studies. The following outcomes were extracted: QoL, anxi-
ety, depression, and attrition rate for each study arm. All measurement tools for QoL, anxiety,
and depression were allowed. When multiple measurement tools were used for one outcome
in the same study, we considered the data that had the lowest attrition. The attrition rate was
defined as the proportion of individuals who dropped out during the intervention, which cor-
responds to those who disengaged from or ceased their involvement in the DHI itself (inter-
vention dropouts). This definition as reported in the study flow chart, does not mean dropouts
due to death or individuals who merely discontinued questionnaire assessments. For all out-
comes, we extracted data from the first post-intervention time point. If the intervention period
was unclear, we considered the measurement taken at the longest follow-up reported in the
included study. A second author (JB) crosschecked the extracted data.

Statistical analysis

In order to get an impression about the performance of the rating, we measured the inter-rater
reliability of four raters by calculating the intraclass correlation coefficient (ICC) [32, 33].
Additionally, we calculated the ICC for five raters, treating the consensus rating as the fifth
rater. The ICC value ranges between 0 and 1. Values less than 0.5 indicate poor agreement; val-
ues between 0.5 and 0.75 indicate moderate agreement; values between 0.75 and 0.9 indicate
good agreement; and values equal to or greater than 0.90 indicate excellent agreement [32].
We also explored the correlations between the three indicators and the correlations between
each indicator and the overall motivation [34].

As outcome measure in the meta-analysis of health outcomes, we used the standardized
mean difference (SMD) [35] with a 95% confidence interval (CI) to estimate intervention
effects on QoL, depression, and anxiety. If SDs were not provided, they were calculated using
the available data [36]. If there were no available data to obtain SDs, the baseline SDs were
used as post-intervention SDs for the meta-analysis. The risk ratio (RR) with a 95% CI was
used as effect estimates for attrition.
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For the meta-analytic procedure we used the random effects model with Knapp-Hartung
adjustment for pooling of studies [37, 38]. We then fitted a mixed effects meta-regression
model to the rating variables (i.e., overall motivation and single indicators) to examine the
association between different levels of participants’ motivation and the treatment outcomes. A
two-sided P < .05 was used to indicate a statistically significant difference in the overall effect.
We assessed statistical heterogeneity with Cochran’s Q test and measured its magnitude with
Higgin’s and Thompson’s I statistics, where I’ > 50% indicated substantial heterogeneity
[39]. All statistical analyses were conducted using R (R Foundation for Statistical Computing,
Vienna, Austria, version 4.3.1) [40].

Results

A total of 27 RCTs with 4,986 cancer patients were included in our study (S3 Appendix). The
characteristics of these studies can be found in the original systematic review [27]. The ratings
of the study participants’ motivations were as follows: for overall motivation, 19 studies (70%)
were rated as high motivation, five studies (19%) were rated as moderate motivation, and three
studies (11%) were rated as low motivation. For indicator 1 (expectation), 16 studies (59%)
were rated as high motivation, 11 studies (41%) were rated as moderate motivation, and no
study was rated as low motivation. For indicator 2, 12 studies (44%) were rated as high motiva-
tion, seven studies (26%) were rated as moderate motivation, and eight studies (30%) were
rated as low motivation. For indicator 3, 13 studies (48%) were rated as high motivation, three
studies (11%) were rated as moderate motivation, and 11 studies (41%) were rated as low moti-
vation. The certainty levels from four raters, both on a per-study basis and in summary form,
can be found in S4 and S5 Appendices.

Inter-rater reliability

The ICC based on the rating of four raters are 0.49 for the overall rating, 0.55 for Indicator 1,
0.42 for Indicator 2, and 0.27 for Indicator 3. The ICC results based on five ratings, where the
consensus rating is considered an independent rater, are provided in S6 Appendix. There
results showed higher reliability compared to the initial rating with only four raters.

Meta-regression and subgroup analysis

QoL. Twenty-two studies (81%) reported about QoL (Table 1 and S2 Fig). The meta-anal-
ysis showed that mHealth app interventions improved QoL among cancer patients compared
to usual care (SMD = 0.31; 95% CI, 0.17 to 0.46; P < 0.001), with high heterogeneity between
the studies (I° = 64%; chi-square P < 0.001). Meta-regression showed that cancer patients’
overall motivation was associated with the treatment effect of QoL (P < 0.001), and the effect
estimate was the largest in the moderate motivation subgroups. Subgroup analysis based on
overall motivation suggested that mHealth app interventions improved QoL only in the high-
and moderate-motivation subgroups. Subgroup analyses of pooled estimates by single indica-
tors revealed that mHealth app interventions were consistently beneficial in improving QoL in
the high-motivation subgroups, while the interventions were consistently inconclusive in the
low-motivation subgroups. In addition, subgroup analyses showed low heterogeneity among
studies with patients with high and moderate overall motivation (21% and 0%, respectively),
high expectation (indicator 1) (34%), high and moderate effort (indicator 2) (18% and 30%,
respectively), and moderate bond (indicator 3) (32%).

Anxiety. Twelve studies (44%) reported about anxiety (Table 2 and S3 Fig). The meta-
analysis showed that mHealth app interventions reduced anxiety among cancer patients com-
pared to usual care (SMD = -0.82; 95% CI, -1.55 to -0.10; P = 0.030), with high heterogeneity
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Table 1. Meta-regression and subgroup analysis on QoL.

Characteristics Studies SMD 95% CI Heterogeneity Meta-regression
LL UL P (%) P P
All studies 22 0.31 0.17 0.46 64 < 0.001
Overall motivation < 0.001
High motivation 17 0.32 0.24 0.40 21 0.211
Moderate motivation 3 0.80 0.31 1.30 0 0.437
Low motivation 2 -0.33 -3.49 2.83 66 0.086
Indicator 1 (expectation) 0.886
High motivation 13 0.32 0.22 0.41 34 0.112
Moderate motivation 9 0.33 -0.03 0.70 80 < 0.001
Low motivation 0
Indicator 2 (effort) 0.872
High motivation 12 0.33 0.23 0.43 18 0.267
Moderate motivation 5 0.28 0.07 0.49 30 0.223
Low motivation 5 0.32 -0.49 1.14 90 < 0.001
Indicator 3 (bond) 0.367
High motivation 10 0.42 0.21 0.62 61 0.007
Moderate motivation 3 0.21 -0.29 0.71 32 0.232
Low motivation 9 0.22 -0.06 0.51 70 < 0.001

Notes: SMD greater than zero indicates an increase in QoLfavouring the mHealth app intervention group. The meta-regression P value indicates differences between
the subgroups (high, moderate, low).
Abbreviations: SMD, standardized mean difference; CI, confidence interval; LL, lower limit; UL, upper limit.

https://doi.org/10.1371/journal.pone.0306772.t001

Table 2. Meta-regression and subgroup analysis on anxiety.

Characteristics Studies SMD 95% CI Heterogeneity Meta-regression
LL UL P (%) P P
All studies 12 -0.82 -1.55 -0.10 95 < 0.001
Overall motivation 0.200
High motivation 8 -0.71 -1.20 -0.23 89 < 0.001
Moderate motivation 2 0.03 -4.96 5.02 85 0.01
Low motivation 2 -2.07 -26.52 22.39 99 < 0.001
Indicator 1 (expectation) 0.534
High motivation 8 -0.66 -1.23 -0.08 91 < 0.001
Moderate motivation 4 -1.15 -4.15 1.85 98 < 0.001
Low motivation
Indicator 2 (effort) 0.563
High motivation 5 -0.46 -0.99 0.06 79 < 0.001
Moderate motivation 3 -0.63 -1.53 0.28 65 0.059
Low motivation 4 -1.38 -4.53 1.77 98 < 0.001
Indicator 3 (bond) 0.891
High motivation 6 -0.65 -1.32 0.03 90 < 0.001
Moderate motivation 1 -1.21 -1.80 -0.63 NA NA
Low motivation 5 -0.96 -3.11 1.20 98 < 0.001

Notes: SMD less than zero indicates a reduction in anxiety favouring the mHealth app intervention group. The meta-regression P value indicates differences between
subgroups (high, moderate, low).
Abbreviations: SMD, standardized mean difference; CI, confidence interval; LL, lower limit; UL, upper limit; NA, not applicable.

https://doi.org/10.1371/journal.pone.0306772.t002
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between the studies (I° = 95%; chi-square P < 0.001). No association was found between differ-
ent levels of patients’ motivation and anxiety. Subgroup analyses based on overall motivation
and expectation (indicator 1) showed that the mHealth app interventions decreased anxiety
only in the high-motivation subgroups. Subgroup analyses based on single indicators revealed
that the treatment effect of mHealth app interventions was consistently inconclusive in the
low-motivation subgroups. In addition, the heterogeneity remained high in all subgroup
analyses.

Depression. Eleven studies (41%) reported about depression (Table 3 and S4 Fig). For the
pooled analysis, no significant difference was found between the mHealth app intervention
and usual care (SMD = -0.60; 95% CI, -1.37 to 0.16; P = 0.110). In addition, significant hetero-
geneity existed between the studies (I° = 94%; chi-square P < 0.001). No association was found
between different levels of patients’ motivation and depression. Subgroup analyses based on
overall motivation and expectation (indicator 1) showed that the mHealth app interventions
decreased depression only in the high-motivation subgroups. Subgroup analyses based on sin-
gle indicators revealed that the treatment effect of mHealth app interventions was consistently
inconclusive in the low-motivation subgroups. The heterogeneity remained high in all sub-
group analyses.

Attrition. Twenty-three studies (85%) reported about attrition (Table 4 and S5 Fig). The
meta-analysis showed that patients in the mHealth app intervention group had a higher likeli-
hood of dropping out from the study as compared to the control group (RR = 1.66; 95% CI,
1.01 to 2.71; P = 0.045), with significant heterogeneity between the studies (I’ = 73%, chi-
square P < 0.001). No association was found between different levels of patient motivation
and attrition. Subgroup analyses showed that the risk of attrition was the highest for the

Table 3. Meta-regression and subgroup analysis on depression.

Characteristics

All studies

Overall motivation
High motivation
Moderate motivation
Low motivation

Indicator 1 (expectation)
High motivation
Moderate motivation
Low motivation

Indicator 2 (effort)
High motivation
Moderate motivation
Low motivation

Indicator 3 (bond)
High motivation
Moderate motivation

Low motivation

Studies

11

1
6

SMD 95% CI Heterogeneity Meta-regression
LL UL P (%) P P

-0.60 -1.37 0.16 94 < 0.001

0.140
-0.41 -0.68 -0.13 48 0.071
0.18 0.14 0.22 0 0.982
-2.01 -26.46 22.44 99 < 0.001

0.567
-0.39 -0.76 -0.02 62 0.022
-0.85 -3.01 1.31 97 < 0.001

0.549
-0.43 -0.90 0.04 65 0.021
-0.23 -1.04 0.58 60 0.081
-1.27 -6.99 4.44 99 < 0.001

0.814
-0.31 -0.73 0.11 55 0.086
-1.00 -1.56 -0.43 NA NA
-0.76 -2.41 0.89 97 < 0.001

Notes: SMD less than zero indicates a reduction in depression favouring the mHealth app intervention group. The meta-regression P value indicates differences

between the subgroups (high, moderate, low).

Abbreviations: SMD, standardized mean difference; CI, confidence interval; LL, lower limit; UL, upper limit; NA, not applicable.

https://doi.org/10.1371/journal.pone.0306772.t003
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Table 4. Meta-regression and subgroup analysis on attrition.

Characteristics

All studies

Overall motivation
High motivation
Moderate motivation
Low motivation

Indicator 1 (expectation)
High motivation
Moderate motivation
Low motivation

Indicator 2 (effort)
High motivation
Moderate motivation
Low motivation

Indicator 3 (bond)
High motivation
Moderate motivation

Low motivation

Studies

23

14

12

3
11

RR 95% CI Heterogeneity Meta-regression
LL UL P (%) P P

1.66 1.01 2.71 73 < 0.001

0.794
1.64 0.88 3.08 78 < 0.001
2.98 0.05 188.78 35 0.217
1.22 0.27 5.62 0 0.392

0.401
1.98 0.96 4.06 80 < 0.001
1.27 0.59 2.72 42 0.087

0.905
1.81 0.86 3.81 64 < 0.001
1.35 0.38 4.83 80 < 0.001
1.45 0.41 5.10 15 0.317

0.115
1.09 0.42 2.81 65 0.003
0.96 0.70 1.33 0 0.81
2.87 1.37 6.00 57 0.01

Notes: RR greater than one indicates an increase in the risk of dropout among the mHealth intervention group compared to the usual care group. The meta-regression P

value indicates differences between the subgroups (high, moderate, low).

Abbreviations: RR, risk ratio; CI, confidence interval; LL, lower limit; UL, upper limit.

https://doi.org/10.1371/journal.pone.0306772.1004

mHealth interventions in the low-motivation subgroup when grouped by bond (indicator 3)
(RR =2.87; 95% CI, 1.37 to 6.00). In addition, subgroup analyses showed low heterogeneity for
moderate and low overall motivation (35% and 0%, respectively), low effort (indicator 2)
(15%), and moderate bond (indicator 3) (0%).

Discussion

In this meta-epidemiological study, we successfully developed a rating for participants’ motiva-
tion in DHI trials. We applied the rating to a sample of mHealth app intervention studies,
rated by four raters, showing moderate to poor reliability. However, the reliability with the
final consensus and the initial decision of the four raters showed better agreement. Our find-
ings demonstrated an association between cancer patients’ overall motivation before engaging
in the intervention and treatment effects for QoL. We did not find an association between
patients’ motivation and psychological outcomes or attrition. However, our subgroup analyses
revealed that mHealth app interventions were unlikely to show clinical benefits in the low-
motivation subgroups in general. The likelihood of attrition from mHealth app interventions
seems to be high in the low-bond (indicator 3) subgroup.

In our study sample, patients’ overall motivation was found to be associated with the treat-
ment effect of QoL. However, it is important to interpret this finding cautiously. The overall
motivation was determined based on an algorithm of different rating patterns of three indica-
tors, as outlined in our prospectively registered protocol [22]. Specifically, indicator 3 has
lower weight as compared to indicator 1 and 2, considering that the assessment of Indicator 3
might rely more on indirect study-level information. Using this algorithm, we classified 19
studies (70%) as having high motivation, five studies (19%) as having moderate motivation,
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and three studies (11%) as having low motivation. While we maintain confidence in the ratio-
nale behind our initial decision, we also acknowledge its arbitrary nature. As suggested by one
reviewer, we re-calculated the overall motivation by assigning equal weight to all three indica-
tors (scale of 1 to 3, 1 for low motivation and 3 for high motivation). We summed the scores of
the three indicators (range is 3 to 9) and established meaningful cut-off scores. We used score
3, 4 or 5 for low motivation, score 6 or 7 as moderate motivation, and 8 or 9 as high motiva-
tion. This new approach resulted in 11 studies (41%) classified as high motivation, 11 studies
(41%) as moderate motivation, and five studies (19%) as low motivation. Subsequently, we
conducted a sensitivity analysis for all investigated outcomes. As expected, the results of meta-
regression changed significantly for QoL and attrition, as these two outcomes included most
studies and the distribution of studies across subgroups changes in the sensitivity analysis. The
result of the sensitivity analysis is available in S7 Appendix. Nevertheless, both the primary
analysis and the sensitivity analysis suggested a similar pattern that low motivated patients did
not benefit from DHI self-care intervention.

Combining indicators into an overall score has the advantage to allow a single regression
analysis without multiple testing [41] and may avoid contradicting results per indicator.
Therefore, we used both the overall score and single indicators in the regression models. Using
the overall score might be intuitive since motivational aspects may add up, but as said before
the weighting of indicators may be considered arbitrary. Using single indicators might be justi-
fied since the indicators had quite low correlations (0.03 < r < 0.28) with each other and may
capture different aspects of motivation, but the number of tests considerably increases. From a
conceptual point of view, a closer look at the advantages and disadvantages of scoring in meta-
analyses must be taken: Peter Juni et al. [42] showed in a meta-epidemiological study that the
association of “study quality” and treatment benefits depends on the scale used to assess study
quality. It can be either positive or negative, which makes the use of scores questionable.
Therefore, we suggest using single indicators since they reflect specific content (i.e., expecta-
tions, effort, bond), and the weighting of indicators can be avoided.

When looking at the single indicators, we found that in studies with patients having a low
bond to the treatment referrer, the percentage of dropouts during the study was higher, which
is in line with earlier research [43]. This supports the idea that trustworthy physicians or health
care professionals can serve as powerful advocates for successful clinical research. According
to a survey [44], 84% of patients implied that they would consider participating in a clinical
trial if their physician recommended it.

According to CONSORT-EHEALTH [45], it is highly recommended to specify how partici-
pants were briefed during recruitment and in informed consent procedures. This information
can influence user self-selection, expectations, and may introduce bias into the results (refer to
Checklist 4a: Eligibility criteria for participants). However, our rating refers to available indi-
rect study-level information about participants’ expectations, effort, and bonds to reflect moti-
vational baseline characteristics in DHI trials. Based on our experience in this study, such an
indirect approach is necessary since the motivation of participants who are enrolled in DHI
trials were rarely reported. Since such aspects could be assessed, DHI trialists should be
encouraged to report information about patients’ expectations, beliefs, previous treatment
experiences, and preferences. This may also be useful for understanding heterogeneity between
trials’ findings, since study authors mention low motivation as a reason for the low effective-
ness of some DHIs. The most commonly implemented measures are scales about digital health
literacy (DHL) or affinity to technology [46], which reflects competence and knowledge but
does not directly relate to motivation. Some populations have low DHL [47], but increasing
DHL is possible [48]. Higher DHL may increase the benefits of DHIs, as shown for health
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literacy [49]. Similar to research on DHL, patients’ motivation should be assessed before the
uptake of a DHI in the trial.

Clinical implications

Health care providers have an important role in decision-making to support patients in their
choice of the most suitable and promising DHI. If health care providers are aware of low moti-
vation in patients, interventions to increase patients’ motivation and expectations by address-
ing patients’ concerns would be an option [50]. By engaging patients in such discussions (e.g.,
support, education, encouragement), clinicians may increase patients’ motivation and treat-
ment benefits.

Research implications

The implementation of measures to assess patients’ motivation in DHI trials would allow the
stratification for motivation in RCTs to prevent imbalance between groups. Baseline informa-
tion about motivation could also be integrated as an interaction factor for effectiveness analy-
ses and, consequently, could also be used as a moderator to explain heterogeneity between
trials in systematic reviews.

Furthermore, we would also encourage a better assessment and a more transparent report-
ing in DHI trials regarding specific indicators (i.e., expectations, effort, bond). Regarding
expectations, specific measures are available [51, 52]. Regarding effort, a clearer reporting on
participants’ active engagement before the start of the trial is desirable. Concerning bond,
information about the recruitment strategy including how and by whom participants are
being approached would be of help in order to get information about working alliance [53].

Out study developed and applied a rather complex rating. In order to achieve a common
understanding of the concepts, it is required to have thorough training sessions in advance
and also extensive consensus meetings. Both steps are necessary to foster a common under-
standing and to mitigate any inherent biases among raters, thereby making the final rating
meaningful.

Strengths and limitations

Four raters were involved in the rating of all studies. Despite the fact, that some studies did not
report much about motivational issues of the study sample, we achieved good procedures to
deal with a lack of information with moderate to poor reliable ratings. Nevertheless, some limi-
tations should be taken into consideration. First, studies in our sample were not evenly distrib-
uted over subgroups; as a matter of fact, the majority of studies have overall high-motivation
patients (70%). Second, weighting of indicators in a composite score of overall motivation may
be arbitrary. Third, some studies had large effect sizes and could be considered as outliers in
the meta-regression. Forth, high heterogeneity remained in some subgroups. Finally, the rating
decision tree might not reflect the true hierarchy between the three indicators.

Conclusion

The clinical effects of DHI were more prevalent in the high-motivation subgroups, whereas
the treatment was inclusive in the low-motivation subgroups. The likelihood of dropouts from
DHI seems to be especially high in the low-bond (indicator 3) subgroup. We suggest using sin-
gle indicators since they reflect specific content. Better reporting about baseline motivation is
required to allow for meaningful interpretation in not only primary studies but also in evi-
dence synthesis.
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