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Abstract. Background: We examine the potential of behavioral activation by wearable devices in inpatients with late-life depression (LLD).
Methods: In randomized order, 17 inpatients with LLD wore a GPS watch that either allowed monitoring their activity level or had a disabled
activity display. The patients answered questionnaires repeatedly in addition to completing an ambulatory assessment of biopsychological
stress. Results: Acceptance and satisfaction were high. We found short-term differential effects of the randomization order, with patients first
in the control group being more active but also more stressed. A high number of missing values limits the informative value of ambulatory
assessment. Conclusions: The intervention was feasible and well accepted. However, the effect of continuous feedback on activity levels in
a crossover design needs to be critically reassessed.
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Mental disorders are highly prevalent in older adults (aged
65–84 years), with an estimated one in three suffering from
amental illness in the past 12months (Andreas et al., 2017).
A recent cross-sectional study in four European regions
reported an overall prevalence of late-life depression
(LLD) of 29%(Horackova et al., 2019). Chronic conditions,
pain, limitations in daily living, and cognitive impairment
were found to be strongly associated with LLD (Horackova
et al., 2019). The main treatment options for LLD are psy-
chotherapy and/or antidepressants. However, antidepres-
sants are less effective in older patients than in younger
adults (Alexopoulos, 2019), and psychotherapy is rarely
prescribed in this population, with older patients being
underrepresented in outpatient psychotherapy (Kessler &
Blachetta, 2020). Therefore, it is essential to develop easily
accessible and effective treatment strategies that patients
accept.

Recently, there has been increasing interest in exercise
and/or physical activity (PA) as a safe adjunct or alternative
treatment option for major depressive disorder (MDD).

Recent meta-analyses have highlighted the efficacy of
exercise for depressive symptoms in general (Schuch
et al.,2016) andof individualizedexercise forLLD inpartic-
ular (Bridle et al., 2012). Current guidelines recommend
exercising for 45–60minutes three times a week (National
Collaborating Centre for Mental Health, 2010). However,
older patients face several barriers that prevent them from
engaging in such high levels of PA, including low self-
esteem, loss of energy, interest, andmotivation, and fatigue
(Catalan-Matamoroset al.,2016).Moreover,MDDpatients
generally tend to have a low fitness level and a low level of
PA, which may be exacerbated in older adults (Boettger
et al., 2009). Thus, even performing daily activities such
as cleaning or climbing stairs could become difficult for
these patients (Haller & Simon, 2017).

Accordingly, it is important to promote PA in this patient
group to safely increase their amount of activity over time.
Patientswith low levels of regularPAmight thereforebe ini-
tially activated by setting simple goals, such as a daily step
target. In this regard, Catalan-Matamoros et al. (2016)
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formulated requirements to optimize the impact of PA
interventions, such as goal-setting, formulation of realistic
goals, and regular feedback. These requirements can be
met and monitored with the help of wearable technology
(i.e., wearables, defined as “devices that incorporate wire-
less connectivity for the purposes of seamlessly accessing,
interacting with and exchanging contextually relevant
information” [Bower & Sturman, 2015]), which have pro-
ven their potential to facilitate improvements in health
behaviors. Such interventions are broadly applicable, and
as highlighted by Blake et al. (2009), they might be more
cost-effective than traditional therapeutic approaches or
exercise interventions (Lyons et al., 2014). However,
according to the technology acceptance model, it is crucial
thatwearablesbe easy touse andperceivedasuseful,which
promotes their actual and effective use (Al-Maroof et al.,
2021;Marangunić&Granić, 2015). This seems to be partic-
ularly relevant in older adults whomight be less technically
experienced with wearables than younger adults. It is
essential to understand the feasibility of wearables in this
population in order to develop appropriate interventions.

To date, however, research in patient cohorts in this area
has been limited. A recent review underlined the potential
of wearables to promote PA (Strath & Rowley, 2018). In
another study, wearables proved to have the potential to
increase daily activity in patients with serious mental
illnesses over several months (Naslund et al., 2016). In a
28-weekqualitative study,Chumetal. (2017) demonstrated
that the use of Fitbit wearables was perceived as helpful for
increasing PA in MDD patients. Interestingly, baseline
depression or age did not affect the perceived benefit of
the device. To the best of our knowledge, no study has yet
examined the effects of wearable use on depressive
symptoms in LLD with additional elements of biofeedback
in a therapeutic context. The present study, therefore,
aimed at exploratorily investigating the feasibility, accept-
ability, and efficacy of a GPS (global positioning system)
PA watch in a patient cohort with LLD, with the goal of
improving PA and reducing depressive symptoms.

Furthermore, the mechanisms underlying the effect of
PA in patients with LLD remain unclear. According to
the rationaleof thediathesis-stressmodel, psychobiological
stress increases the vulnerability to developing diseases.
In this regard, patients with LLD often present with
hypercortisolism, reflecting disturbances in the hypothala-
mic-pituitary-adrenal (HPA) axis (Tiemeier, 2003). Higher
secretion of cortisol – a stress hormone reflecting the
activity of the HPA axis – has serious health implications,
as cortisol secretion is a risk factor for further health deteri-
oration, for example, neurodegeneration and executive
dysfunction (Shindel et al., 2020). Moreover, dysregula-
tions in the autonomic nervous system (ANS) have been
reported, with patients with LLD showing reduced heart

rate variability (Brown et al., 2018). Changes in the stress-
sensitive systems in the body (HPA axis, ANS, immune
system) have been associated with treatment trajectories
in LLD, in line with the allostatic load theory of stress
(Andreescu et al., 2019). At the same time, PA is also
associated with stress-reducing effects. Movement-based
exercise interventions have attracted increasing interest,
particularly in the prevention and treatment of LLD (Laird
et al., 2019), and there is growing evidence that these
interventions exert a beneficial effect on physiological
stress markers as well (Toni et al., 2016). We, therefore,
set out to additionally evaluate the feasibility of psychobio-
logical stress markers in patients with LLD.

Methods

Participants

All participants were patients with confirmed LLDwho had
been recruited at the beginning of their inpatient stay in a
gerontopsychiatric ward. The final sample for analysis con-
sisted of 17 patients (8 females; mean age: 67.5 ± 6.5 years).
At admission, the mean Geriatric Depression Scale
(GDS-15) score was 8.13 ± 2.94, and themeanQuick Inven-
tory of Depressive Symptomatology (QIDS-16) score was
15.25 ± 4.70. The order of conditions was randomized, with
10 patients participating in the intervention group first and
seven patients participating in the control group first.

Procedure

We designed this multidisciplinary single-center crossover
study as an exploratory feasibility study. Recruitment took
place in the gerontopsychiatric ward of the Rheinhessen-
Fachklinik Alzey, Germany, between May 2018 and May
2019. Upon admission to the clinic, all patients with a sus-
pected or confirmed primary diagnosis of any depressive
disorder (according to the ICD-10) received an information
bulletin and were asked to participate in the study. Patients
who expressed an interest in participating were given
further information in a personal interview, and the follow-
ing study inclusion criteria were reviewed: primary diagno-
sis of depression (F32, F33, or F34according to the ICD-10),
age � 60 years, being mobile, inpatient or day-clinic
treatment for a minimum of 4 weeks, no acute suicidality,
no psychotic symptoms, no comorbid substance abuse or
substance dependence, no cognitive impairment, no medi-
cation with immunological or endocrine effects (except for
antidepressants), BMI between 18 and 35 kg/m2. All partic-
ipants provided written informed consent prior to study
participation.
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Figure 1 illustrates the study procedure. The baseline
assessment (T0) comprised paper-and-pencil question-
naires, physical and cognitive assessments, and 2 days of
ambulatory assessment. After completing this baseline
assessment, all participants received individual psychoedu-
cation on the relationship between activity and depression
following the rationale of cognitive-behavioral therapy
(Hautzinger, 2000). As part of the psychotherapeutic
approach, all patients completed a weekly diary, which
was used to plan activities. Next, using the research
randomizer tool (https://www.randomizer.org/), we ran-
domized patients to start either in the intervention or the
control group. In both groups, patients received a GPS PA
watch (Polar M430). In the intervention group, patients
could use all functions and directly review their activity
level; in the control group, patients could only use the GPS
watch as a regular watch, and all functions for checking
their own activity were disabled. Both groups received
twice-weekly therapy sessions of 25 minutes each, during
which goals for behavioral activation were reflected upon
andset. In the interventiongroup,objectivedataonphysical
activity were evaluated and interpreted with respect to
changes in mood. In the control group, activity and mood
were reflected without reference to the objective activity
data. Thus, the main variation between the control and
intervention groups concerns features of the GPS watch
and the availability of objectivedata on theprevious activity
level, which could be accessed in the intervention group but
not in the control group. We kept the psychotherapeutic
elements constant between the two groups, the only
exception being that behavioral activation was supported
by the objective data of the GPS watch in the intervention
group, whereas it was based on the subjective perception
of the patients during the control group.

After 2 weeks, a crossover took place (T1). The patients
completed the paper-and-pencil questionnaires again,
repeated the physical assessment, and completed an

ambulatory assessment for 2 days. After completing a
further 2 weeks of study participation, participants filled
out the paper-and-pencil questionnaires a third time, in
addition to filling out a self-generated questionnaire on
the feasibility and acceptability of the intervention, they
repeated the physical and cognitive assessments, after
which 2 days of ambulatory assessment took place (T2).
Finally, 6 weeks later, the patients completed the paper-
and-pencil questionnaires again back at home (T3).

All procedures were approved by the Ethics Committee
of the State Chamber of Physicians of Rhineland-
Palatinate, Mainz, Germany. Participation in the study did
not affect previous and ongoing treatments.

Measures

Feasibility
Weanalyzed the feasibility of the interventionbyevaluating
dropouts and missing values concerning the outcome
measures. We defined patient dropout when patients
completed less than four sessions and thus did not com-
plete onephase.Todeterminemissing values,weevaluated
how many therapy sessions the patients had attended, the
number of missing values on the paper-and-pencil ques-
tionnaires and the number of missing values concerning
the biological stress markers.

Acceptability
We analyzed the acceptability of the intervention using a
self-designed post-monitoring interview. At the end of the
intervention as well as at 6 weeks post-intervention, all
participants who had completed the intervention rated
self-generated items regarding their satisfaction with
the intervention on a scale ranging from 0 (not at all) to
3 (completely). The items at the end of the intervention
covered the overall evaluation of the study treatment, the
acceptability of providing saliva samples, and thepresumed

Figure 1. Graphic illustration of the crossover study design.
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effects of the intervention on mood, activity, and general
well-being. At follow-up, these itemswere slightly reformu-
lated and focused additionally on the long-term influence
on life from participation. All items assessed at the end of
the intervention are presented in the Results section.
Concerning the follow-up interview (six weeks later), only
those items covering long-term changes are presented.

Efficacy
Weevaluated the efficacy of the intervention using amulti-
dimensional approach, combining subjective with physio-
logical markers both in the clinical setting and in patients’
daily life: (a) psychometric test battery, (b) continuous
assessment of PA, (c) physical and cognitive assessment,
and (d) ambulatory assessment.

Psychometric Test Battery
At all four measurement time points (baseline, crossover,
end, follow-up), participants completed psychometric
scales concerning the following constructs: depressive
symptoms using a self-report, the QIDS-16 (Rush et al.,
2003) and the GDS-15 (Sheikh & Yesavage, 1986); subjec-
tive stress with the German version of the Perceived Stress
Scale (PSS-10; Cohen, 1988) and the Screening Scale for
Chronic Stress (SSCS) from the Trier Inventory for the
Assessment of Chronic Stress (TICS; Schulz et al., 2004).
Further, we used the General Self-Efficacy Scale (GSE;
Schwarzer & Jerusalem, 2003).

Continuous Assessment of PA
Tomonitorpatients’PA,weusedthePolarM430GPSwatch.
The display settings varied between the two conditions (see
Figure 1). In the intervention group, participants could
instantly monitor their level of PA. They received visual
and haptic feedback as soon as their activity goal had been
achieved. Furthermore, if they were inactive for too long,
visual and haptic feedback appeared, stating, “It’s time to
move” (inactivity alert). In the control condition, the display
settings merely showed the time of day, and all inactivity
alertsweremuted (Figure 1). The following parameterswere
analyzed eachday using the algorithmsof themanufacturer:
activity time, inactivity markers, activity goal (0–100%),
energy expenditure (in kilocalories), steps, and time spent
lying down, sitting, standing, walking, and running.

Physical and Cognitive Assessment
To assess the patients’ physical fitness, we conducted a
6-minute walk test (6mwt). In this test, patients walk as
far as they can on a predetermined course for a duration
of 6minutes. The primary outcome measure was the total
distance walked (Enright, 2003).

To evaluate patients’ cognitive state, we asked them to
complete the two parts of the Trail Making Test (TMT-A,
TMT-B; Reitan & Wolfson, 1995) for a brief examination

of processing speed (TMT-A) and executive functioning
(TMT-B).

Ambulatory Assessment
As part of the ambulatory assessment, we measured psy-
chobiological stress markers 6 times per day for 2 consecu-
tive days at the beginning, crossover, and end of the
intervention. In particular, directly after awakening,
30 minutes after awakening, and at 10 am, 2 pm, 6 pm,
and 9 pm, patients were asked to collect a saliva sample
for the later analysis of salivary cortisol (sCort) and salivary
alpha-amylase (sAA) and to subjectively rate their momen-
tary perceived stress on a visual analog scale (VAS) from
0 (not at all) to 100 (extremely). Participants were required
to transfer accumulated saliva into prelabeled vials, which
were then stored in a study freezer located at the inpatient
clinic. We measured sCort levels using a commercially
available enzyme-linked immunoassay (IBL International,
a Tecan Group Company, Hamburg, Germany). sAA
activity was measured using a kinetic colorimetric test
and reagents obtained from DiaSys Diagnostic Systems
(Holzheim, Germany). The interassay variance was
14.18% for sAA and 4.5% for sCort, and the intraassay
variance was 8.57% for sAA and 1.69% for sCort.

Statistical Analysis

Weperformed thestatistical analysesusingSPSS (IBMSPSS
Statistics for Windows, Version 23.0, IBM Corporation,
Armonk, NY). Differences in the mean scores on the
paper-and-pencil questionnaires over time were tested for
significance using paired t-tests, comparing baseline to
crossover (T0-T1), crossover to end (T1-T2), and end to fol-
low-up (T2-T3). Missing values were excluded listwise. We
further controlled for theorder of randomization and tested
whether the changes in the scores on paper-and-pencil
questionnaires differed over time depending on the order
of randomization. To compare the mean values at T0, T1,
and T2, we conducted repeated measures ANOVA, with
order of randomization as a between-subject factor. We
excluded the 6-week follow-up assessment (T3) because
of thehighnumber ofmissing values.We testeddifferences
in the cognitive assessment using paired t-tests, comparing
the time required to complete the TMT-A and TMT-B
between the beginning and end of the intervention.
We testeddifferences in the6mwtover timeusing repeated
measures ANOVA, controlling for the order of randomiza-
tion. We assessed differences in activity levels depending
on the control or intervention group using MANOVA, with
condition (control vs. intervention group) and order of
randomization (intervention group first, control group
first) and their interaction as fixed factors. We considered
p-values < .05 as statistically significant.
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Results

Feasibility

103 patients expressed interest in study participation after
receiving the information bulletin upon admission to the
clinic (see Figure 2), of whom 23 were finally enrolled in
the study, resulting in an inclusion rate of 22%. Reasons
for non-participation were (in descending order): depres-
sion not primary diagnosis (29), no interest (12), over-
whelmed by study design (7), cognitive impairments (5),
short hospital stay (5), and other (22).

Data from 17 of the 23 participants were entered into the
analyses, as 6 patients dropped out of the study at less than
four therapy sessions, resulting in a dropout rate of 26%.
The reasons for dropping out were either earlier discharge
from the hospital or transfer to another hospital. Ten
patients completed all eight sessions, 2 completed seven
sessions, 3 completed five sessions, and 2 completed
only four sessions, resulting in a mean attendance rate of
6.88 sessions per patient.

The missing values varied between paper-and-pencil
questionnaires and ambulatory assessment data. Concern-
ing the paper-and-pencil questionnaires, between 29.4%
and 30.9%of data weremissing. The proportion ofmissing
values in the ambulatory assessment was high, with 38.4%
of missing data for sCort, 42.3% of missing data for sAA,
and 45.4% of missing data for the VAS. Overall, four

participants, amounting to 23.5% of the sample, failed to
provide any saliva samples.

Acceptability

We rated the acceptability of the intervention directly at T2
(end of intervention) and at T3 (6weeks post-intervention).
A subsample of n = 12 (70.6%) patients completed this
questionnaire at T2, and a subsample of n = 7 (41.2%) at
T3. The overall acceptance was high. Table 1 (end of inter-
vention) and Table 2 (follow-up) show the results.

Exploratory Efficacy Analysis

Scores on the GDS-15 and SSCS remained stable over
time in the total sample. We found significant differences
for the PSS-10 and GSE. In particular, the GSE sum score
increased from T1 (crossover) to T2 (end of intervention)
(t = �2.300, df = 10, p = .044), and the PSS-10 sum score
decreased from T2 (end of intervention) to T3 (follow-up)
(t = 3.321, df = 5, p = .021). The complete statistics on the
pairwise comparisons may be found in the Electronic
Supplementary Material (ESM 1). Concerning the order of
randomization, there were significant differences in the
stress measures PSS-10 and SSCS, as these variables
interacted significantly with the order of randomization
(PSS � order of randomization: F = 8.839, p = .003;

Figure 2. Flow chart diagram.
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SSCS � order of randomization: F = 4.822, p = .026).
Patients who participated first in the intervention
group experienced a stress reduction from baseline to
end, while patients who participated first in the control
group experienced increases in stress during this time
frame. The stress ratings converged at the 6-week follow-
up (T3). These interaction terms were insignificant
concerning the GDS-15 and GSE (GDS-15 � order of
randomization:F=2.694, p= .102; SWE�order of random-
ization: F = 0.160, p = .853). Figure 3 presents a graphical
illustration of the interaction terms.

Notably, the average number of steps per day was
11,792 ± 4152 in the total sample, irrespective of condition
and phase. The objectively assessed activity level did not
change significantly between the control and intervention
condition (all p� .113, see Table 3), although a main effect
of theorderof randomizationemerged for steps (F= 14.695,
p� .001) and time spent sitting (F = 8.754, p = .004). More-
over, therewas apositive interactionof condition�order of
randomization regarding time spent lying down (F = 5.120,
p = .026). These findings can be interpreted such that the
number of steps was higher and the time spent sitting was

Table 1. Acceptability of intervention directly at the end of the intervention

Item M ± SD Min Max N

The study treatment was interesting. 2.75 ± 0.45 2 3 12

I am satisfied with the treatment. 2.75 ± 0.45 2 3 12

The study led to positive changes in daily routine. 2.83 ± 0.39 2 3 12

I found it easy to use the watch. 2.50 ± 0.80 1 3 12

Participation led to negative events. 0.50 ± 0.91 0 3 12

I experienced taking saliva samples as annoying. 1.67 ± 0.99 0 3 12

Participation in the study has led to increased physical activity. 2.67 ± 0.49 2 3 12

The saliva samples were requested too frequently. 1.42 ± 1.00 0 3 12

I feel better than before the treatment. 2.25 ± 0.75 1 3 12

There have been positive effects on my mood. 2.17 ± 0.72 1 3 12

I feel I can better influence the course of my disease. 2.17 ± 0.72 1 3 12

I experience less stress. 1.83 ± 0.72 1 3 12

Study treatment led to increased self-observation, and I behaved differently than usual. 2.42 ± 0.52 2 3 12

I found it difficult to complete the diaries. 1.50 ± 0.91 0 3 12

Something in my life has changed for the better. 2.25 ± 0.62 1 3 12

I would also have agreed to take saliva samples more often. 0.92 ± 0.79 0 2 12

The analyses of activity data were easy to understand. 2.50 ± 0.52 2 3 12

Therapy sessions were useful and filled with interesting content. 2.67 ± 0.49 2 3 12

The time commitment was too high. 0.50 ± 0.67 0 2 12

I have experienced positive changes in my activity and mood. 2.08 ± 0.79 1 3 12

Note. All statements were rated on a scale ranging from 0 (not at all) to 3 (completely). M = mean; SD = standard deviation; Min = minimum; Max =
maximum; N = sample size.

Table 2. Acceptability of intervention at follow-up 6 weeks after the end of the intervention

Item description M ± SD Min Max N

Participation also led to positive changes in my daily routine in the long term. 2.29 ± 0.76 1 3 7

Participation led to negative events in the long term. 0 ± 0 0 0 7

I feel better than before the treatment. 2.14 ± 0.69 1 3 7

Today, I still try to implement what I learned. 2.29 ± 0.76 1 3 7

I always try to be active to improve my mood. 2.43 ± 0.54 2 3 7

I still experience less stress today. 2.14 ± 0.38 2 3 7

Today, I still complete an activity and mood log. 0.57 ± 0.54 0 1 7

Because of the study treatment, I experience more joy in movement. 2.00 ± 0.58 1 3 7

I often remember the content of the sessions and try to be more active in my daily life. 1.86 ± 0.38 1 2 7

I have noticed positive changes in my activity and mood. 2.00 ± 0.00 2 2 7

Note. All statements were rated on a scale ranging from 0 (not at all) to 3 (completely). M = mean; SD = standard deviation; Min = minimum; Max =
maximum; N = sample size.
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lower in the group of patients who underwent the control
condition first anddid not receive feedback on their activity
level. The amount of time spent lying down was lowest in
the control condition for patients who underwent the con-
trol condition first and was highest when these patients
changed to the intervention.

The physical assessment and cognitive functioning
improved descriptively in the total sample from T0 to T2.
Regarding the 6mwt, the distance covered increased from
433 ± 134 m (T0) to 451 ± 149 m (T1) to 531 ± 132 m (T2),
although this did not reach statistical significance (F =
4.306, p = .069). Likewise, the time taken to complete the
TMT-A and TMT-B decreased in the total sample
from T0 to T2 (TMT-A: 46.96 ± 22.61 s at T0; 37.28 ±
11.90 s at T2; TMT-B: 106.7 ± 42.39 s at T0, 83.11 ±
45.29 s at T2). Although these differences did not reach
statistical significance (TMT-A: T(11) = 1.770, p = .104;
TMT-B: T(10) = .196, p = .848), they are clinically relevant
when compared to the normative value (Tombaugh,
2004), as participants improved from percentile 20 to

percentile 50 in the TMT-A and from percentile 20 to
percentile 40 in the TMT-B.

Becauseof thehighnumberofmissing values concerning
physiological stress markers and particularly the ambula-
tory assessment, the data are presented descriptively in
the ESM 2.We did find characteristic day profiles, although
there were no significant differences in salivary stress
markers over time.

Discussion

This study exploratorily investigated the acceptability,
feasibility, and efficacy of a physical activity GPS watch to
increase PA and improve depressive symptoms in inpa-
tients with LLD. Further, it examined the mechanisms
underlying the effect of PA on LLD bymeans of psychobio-
logical stress markers. The findings regarding aspects of
feasibility and acceptability were very promising. Themere
use of the GPS watch seems to have activating effects:

Figure 3. Changes in paper-and-pencil questionnaires over time relative to randomization order. GSE: General Self-Efficacy Scale (upper left),
SSCS: Screening Scale for Chronic Stress, taken from the Trier Inventory of Chronic Stress (upper right), PSS-10: Perceived Stress Scale, PSRS
(bottom left), GDS: Geriatric Depression Scale (GDS-15; bottom right), Error bars: ± standard error.
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We found high levels of PA asmeasured by steps per day in
the total sample, irrespective of assignment to intervention
or control group. However, our analyses also revealed
short-term motivational effects of the intervention based
on the order of randomization, insofar as patients who
underwent the control group first and did not initially
receive activity feedback were more active and more
stressed than patients who received activity feedback first.
These differential trajectories, which converged at follow-
up but not at the end of the intervention, highlight the
need to reassess the effect of continuous feedback on
activity levels in patients with LLD. It is of note, that in
our crossover design, patients with LLD deteriorated in
the psychometric test battery from the beginning to the
endof the intervention,which theywere unable to compen-
sate for at the end of the intervention, even after changing
from the control to the intervention group. Although the
trajectories converged at follow-up, the effects of being in
a control condition first might have overshadowed the
beneficial effects of the interventiongroup.Theassessment
of underlying psychobiological mechanisms was challeng-
ing and yielded a high number of missing values. Thus,
again, these mechanisms need to be re-examined in future
studies with larger sample size.

Highly Satisfied, but Difficult to Reach

The acceptance questionnaire (Tables 1 and 2) indicated
that patients predominantly perceived the study participa-
tion as interesting and satisfying. Study involvement was
not associated with adverse side effects, highlighting PA
as a safe therapeutic approach (DGPPN et al., 2015;
Gelenberg et al., 2010; National Collaborating Centre for

Mental Health, 2010). It should be noted, however, that
only a subsample of 12 patients completed the acceptance
questionnaires at T2 and only 7 patients at T3, leading to
ambiguities about the acceptance of the other patients.
According to the technology acceptance model, usefulness
and ease of use contribute to attitudes toward technology
and the consequent use thereof (Al-Maroof et al., 2021;
Marangunić & Granić, 2015). Thus, if patients perceive
meaningful feedback fromboth thewatch and the therapist
during use, this may increase the perceived usefulness and
in turn positively impact their attitudes toward the GPS
watch (Marangunić & Granić, 2015). In this context, we
must stress the idea that the use of technological innova-
tions such as wearable devices should be embedded in a
therapeutic rationale.On theonehand, that allows lowering
the threshold for the use of technological devices, as their
purpose is clearly stated; on the other hand, it allows includ-
ing real-life data into the therapeutic process, which might
facilitate the transfer of therapeutic content to daily life.
Ultimately, this could lead to wearable devices being an
adjuvant treatment option for patients with LLD among a
variety of tools that can meaningfully stimulate the thera-
peutic process (e.g., ambulatory just-in-time interventions).
In this regard, it is promising that the high acceptance was
maintained at follow-up, with a high agreement on even
longer-lasting effects of the intervention. In contrast, the
repeated saliva collections and the completion of the diary
to assess goal-setting of behavioral activation were per-
ceived as less convenient, thus explaining the high number
of missing values, limiting the interpretability of the
findings.

Of the 103 patients who initially expressed interest, only
approximately a quarter ultimately chose to participate in

Table 3. Objective activity tracker data relative to group (control vs. intervention) and order of randomization (intervention first vs. control first)

Phase: Intervention Phase: Control Test statistics: MANOVA

First
intervention

First
control

First
intervention

First
control

Main
effect on
phase

Main
effect

on order

Interaction
effect of

phase � order

M ± SD M ± SD M ± SD M ± SD

Activity time 7.12 ± 2.78 7.71 ± 0.90 7.31 ± 1.61 8.04 ± 1.36 F = 0.449, p = .504 F = 3.225, p = .075 F = 0.051, p = .823

Inactivity markers 0.16 ± 0.23 0.14 ± 0.18 0.18 ± 0.26 0.09 ± 0.21 F = 0.783, p = .378 F = 1.114, p = .294 F = 0.273, p = .602

Activity goal 0.70 ± 0.47 0.95 ± 0.23 0.61 ± 0.50 0.92 ± 0.25 F = 0.156, p = .694 F = 0.935, p = .336 F = 0.013, p = .911

Energy expenditure 2473 ± 466 2467 ± 249 2587 ± 386 2607 ± 490 F = 2.554, p = .113 F = 0.006, p = .939 F = 0.023, p = .880

Steps 9967 ± 3954 13931 ± 2756 11251 ± 4418 13128 ± 4003 F = 0.206, p = .651 F = 14.695, p � .001 F = 2.375, p = .126

Time spent

Lying 8.96 ± 2.09 9.55 ± 1.94 9.35 ± 1.57 8.12 ± 2.70 F = 1.645, p = .202 F = 0.615, p = .435 F = 5.120, p = .026

Sitting 7.09 ± 1.74 6.48 ± 1.11 7.15 ± 1.22 6.20 ± 1.18 F = 0.168, p = .682 F = 8.754, p = .004 F = 0.382, p = .538

Standing 4.06 ± 1.29 4.47 ± 0.82 4.45 ± 1.13 4.69 ± 0.91 F = 2.145, p = .146 F = 2.472, p = .119 F = 0.176, p = .676

Walking 2.58 ± 2.54 2.66 ± 0.81 2.13 ± 0.74 2.83 ± 0.70 F = 0.207, p = .650 F = 1.696, p = .196 F = 1.064, p = .305

Running 0.46 ± 0.52 0.67 ± 0.42 0.48 ± 0.65 0.46 ± 0.35 F = 1.074, p = .302 F = 0.932, p = .336 F = 1.525, p = .219

Note. Mean values in physical activity watch data are presented (average daily activity per phase), activity time: time in movement as calculated by
manufacturer’s algorithm is reported in hours, inactivity markers and activity goal reached in %, energy expenditure in kcal: kilocalories, first interven-
tion/control: order of randomization (intervention group first; control group first). M = mean; SD = standard deviation.
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our study. This suggests that PA may be particularly
appropriate for treating depressive symptoms in a sub-
group of patients who are both interested in and physically
able to participate in PA (Craft & Landers, 1998). These
factors may deteriorate later in life, as comorbidities and
physical and psychological barriers increase (Catalan-
Matamoros et al., 2016), including “being too tired,”
“illness,” or “feeling unsafe” (Ussher et al., 2007), which
are among the main reasons for not engaging in PA.
Therefore, low-threshold interventions aimed at behavior
change to increase daily PA levels may be of great interest.
The approach used in our study of using a GPS watch along
with achievable activity goals, including aspects of biofeed-
back, appears to be appropriate for MDD patients who
typically have low levels of PA and/or performance
(Boettger et al., 2009; Ussher et al., 2007). Kononova
et al. (2019) revealed that older adults are generally open
to the use of wearables, and that these devices may be a
useful tool to increase PA, even among people who have
not previously used them.

The dropout rate of 26% is comparable to previous
studies using exercise to treat depressive symptoms
(Blumenthal et al., 1999, 2007), slightly lower than that
reported in an RCT of older patients with chronic obstruc-
tive pulmonary disease (COPD) using a PA app (Vorrink
et al., 2016), and higher than in a study of healthy older
adults using a wearable for PA enhancement (Lyons et al.,
2017). To the best of our knowledge, however, no RCT
has been conducted in patients with MDD (Gal et al.,
2018), particularly not when the use of the device is part
of a therapeutic rationale. In addition, RCTs in this research
area generally ranged from 4 weeks to 12 months and can
therefore be used only as an approximate comparison (see
Gal et al., 2018, for review).

Continuous Activity Feedback as a
Double-Edged Sword – Motivational
Effects of Randomization Order

Depressive symptoms did not change over time. Although
improvements in depressive symptoms are possible within
such a short period after starting to exercise (Haller et al.,
2018), this is not considered likely. Interestingly, results
on measures of stress and self-efficacy changed over time,
with increases in self-efficacy and decreases in stress. In
particular, self-efficacy typically improves through exercise
and is considered one of the main factors for improving
mood and depressive symptoms (Blumenthal et al., 2007;
Haller et al., 2018). Most interestingly, trajectories in
subjective stress ratings varied depending on order of
randomization: Patients who underwent the intervention
condition first experienced a stress reduction frombaseline

to end, whereas patients who underwent the control condi-
tion first experienced increases in stress during this time
frame. The stress ratings converged at follow-up but not
at the end of the intervention. This is a relevant finding, as
it shows that merely wearing a PA GPS watch without pro-
viding feedbackon theactual activitymight inducenegative
effects that even overshadow the beneficial effects of the
feedback provided during participation in the intervention
group. Even the therapeutic sessions that focused on activ-
ity andmood in both the intervention and the control group
were unable to compensate for these demotivating effects
of the control condition. At the same time, the patients
who were first in the control group felt not only more
stressed but were also physically more active. This might
be interpreted as theymight have felt pressured to bemore
active as thewatch assessed their activitywithout providing
feedback. This would be a dangerous consequence as PA
shouldnotbeassociatedwith stress andpressure inpatients
with LLD. The use of technology and a decrease in well-
being are common observations. In their study, Wolf et al.
(2021) observed that smartphone use among older adults
was highly interindividual and intraindividual over time.
In addition, smartphone use could also lead to a decline in
well-being, although many participants used their smart-
phones for messaging with their social contacts, and social
contacts were rated as important by the participants. These
results illustrate that the negative effects of new technolo-
gies are also conceivable, and that the advantages and dis-
advantages of their use must be weighed individually.

Generally speaking, the PA level assessed by the GPS
watch did not significantly differ between the control and
intervention groups. In this respect, a recent systematic
review (Gal et al., 2018) demonstrated moderate effects
of wearable devices on PA for intervention periods ranging
from4weeks to 12months.However, we assessed an effect
of randomization order for steps, time spent sitting, and
time spent lying down. Notably, patients exhibited rela-
tively high levels of PA regardless of group assignment
(��10,000 steps per day, Table 3).Wecannot rule out that
enrollment in the study per se caused a significant increase
in PA. In addition, the fact that the control group also began
wearing a newactivity watchmayhave encouraged them to
increase PA, resulting in no significant differences between
the groups. In this context, “awareness of physical activity
and curiosity” (Kononova et al., 2019) may have led to a
marked increase in daily PA in both groups compared to
prestudy levels. This assumption applies especially to the
motivational effects of the intervention, as the mean levels
of PA did not objectively differ, whereas different trajecto-
ries in the outcome measures emerged when controlling
for order of randomization.

Studies in this research area often lack follow-up data (Gal
et al., 2018). Although we conducted a follow-up 6 weeks
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after the intervention, which revealed promising results, it is
not apparent whether participants acquired their own wear-
able and/or maintained the marked level of daily PA
(� �10,000 steps per day, Table 3). Because all patients
had already been discharged from the hospital at the time
of the follow-up, we were only able to analyze data from
seven participants at this time point. Among them, we found
a tendency for a sustained improvement in lifestyle (high
scores on the items “Positive changes in daily routine,” “Still
try to implement what I have learned,” “Always try to be
active to improve my mood,” and “Because of the study
treatment I experience more joy in movement”). Kononova
et al. (2019) emphasized that long-term use of wearables
and long-term adherence to PA are highly dependent on
social support. This is especially important in LLD patients,
who are often isolated and benefit from sustained social life
and support (Bruce, 2002; Haller, 2022; Herbolsheimer
et al., 2018; Ussher et al., 2007).

Limitations and Outlook

While our exploratory findings demonstrate that the pro-
gram was generally feasible and well accepted by patients,
future studies clearly need to reassess our findings not only
in larger samplesbutalsobyconsidering the lessons learned
from this study. Therefore, we formulate three recommen-
dations concerning the study design for future next steps:
(1) We recommend re-assessing the controlled crossover
design. On the one hand, the crossover design randomizing
patients to either receive the intervention or the control
condition first might have demotivating effects that over-
shadow potential benefits in patients initially in the control
condition. On the other hand, because patients with LLD
are particularly burdened by symptoms such as lower
mood, reduction of energy, and decreased levels of PA,
theymight be additionally burdened by first being random-
ized into a control condition. In general, passive control
conditions might be difficult in this particular patient
population; active control conditions might be more
suitable. In this regard, including a control group of age-
matched persons without depression in a randomized
controlleddesign shouldbeconsidered. (2)We recommend
a longer study duration of 8–10 weeks. This longer time-
frame may also improve endurance performance and thus
have an additional positive effect on depressive symptoms
as defined by current guidelines (Rethorst & Trivedi,
2013). It should be noted, however, that such a study would
be difficult to conduct in an inpatient setting; thus, an
outpatient setting may be the first choice here. (3) We
suggest collecting PA data prior to the intervention, thus
enabling changes to be detected solely by wearing a novel
GPS watch. Future studies need to assess the potential of
wearables technology in patients with late-life depression

in larger-scale studies that allow examining underly-
ing mechanisms and the specific effects of the behavioral
activation in differentiation to the effects of an inpatient
stay in general. Furthermore, it will be important to differ-
entiate the effects of our intervention on physical activity
from the effects on depressive symptoms and to under-
stand how these effects are driven by the use of the wear-
ables per se. By using mediation analyses, one can assess
the mechanisms underlying these complex interactions to
ultimately stimulate therapeutic recommendations. This
allows individually tailoring the use of wearables to the
needs of patients with LLD and gaining knowledge on
predictors for the successful and meaningful use of these
technologies in behavioral activation interventions.

Conclusions

We conducted a PA intervention with innovative wear-
able technology in patients with late-life depression. The
intervention was feasible and well accepted, leading to
differential effects on PA and stress measures based on
randomization order. In particular, patients in the control
group first who did not initially receive activity feedback
were more active and more stressed in the short term
compared to patients who received activity feedback first.
These differences in trajectories underline the need to
critically re-assess the effect of continuous feedback on
activity levels, although the differences disappeared at
follow-up (but not at the end of the intervention). An exam-
ination of the mechanisms underlying the effect of PA
in patients with late-life depression utilizing psychobiologi-
cal stress markers was challenging and resulted in a
high number of missing values. In patients with late-life
depression, physiological stress markers that require less
active patient engagement might be more suitable than
repeatedly collecting saliva samples over time. Future
studies should demonstrate whether wearable devices
are suitable to increase PA in patients with late-life depres-
sion in the long term, and whether they can contribute to
improving depressive symptoms as part of a multimodal
therapy concept.
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