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Abstract

Purpose of Review Commercially-available physical activity trackers (PAT) are promising tools for promoting physical
activity (PA) in people with mental disorders. The present systematic review aims to examine the feasibility and acceptability
of using PAT in people with substance use disorders (SUD), and how that can affect substance use, PA, and mental health.
Recent Findings Previous review studies have noted the potential of using active and passive data collection methods in the
context of SUDs. However, since then, novel technology has been developed and new studies on PAT have been published.
There are no specific reviews about them in the context of treatment of SUD.

Summary The current study included seven studies involving 178 participants. The findings provide preliminary evidence
that using PAT as part of a broader behavioral intervention is feasible and promising in promoting healthy behavior and
improving health-related outcomes, including reduction in substance use. However, considering the small number of studies
and their limitations, there is a need for more systematic and rigorous research to determine the long-term effectiveness of

incorporating PAT into existing treatments for SUD.

Keywords Activity trackers - Substance use disorders - Feasibility - Physical activity - Mental health

Introduction

Active and passive data collection methods have become
increasingly popular in the treatment of mental disorders
[1-4]. A wide range of methods are used to collect real-time
reports of people’s daily life experiences in their natural envi-
ronments, including self-reporting, observational measures,
and psychophysiological procedures [5]. These methods allow
professionals to gather ecological data in various ways (eco-
logical momentary assessment (EMA), experience sampling,
ecological momentary intervention, real-time data capture,
continuous unified electronic diary method, or e-diary) [6].
Active and passive data collection methods are feasible
thanks to wearable devices designed specifically for research
purposes (precision accelerometers, temperature sensors,
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breathing sensors, etc.) [7], and commercial devices for daily
use, such as activity trackers and smartphones [8, 9]. Physical
activity trackers (PAT) have particularly come to researchers'
and practitioners' attention. The characteristics of commer-
cially-available PAT mean that people can wear these devices
in their everyday lives comfortably and affordably [10, 11].
They provide users with acceptably accurate information
about various (PA) variables (number of steps per day, exercise
time or intensity, etc.) [12, 13]. Moreover, these devices may
include some behavioral change techniques, so they can be
used as an intervention to increase PA [14]. Recent literature
also indicates that this technology seems to be feasible and
acceptable across a range of demographics [15-17].

Studies examining the effects of PAT on health-related out-
comes in various clinical and non-clinical populations have
found an increase in steps per day and increased moderate-
to-vigorous physical activity (MVPA) [16, 18ee, 19ee_20], as
well as lower levels of anxiety and depression [21e] in activity
tracker users compared to non-users. In particular, PAT can
help increase levels of PA, especially in combination with other
strategies (text messages, personalization, support groups) [22,
23e], and the information from PAT can be used to reinforce
healthy behaviors as part of a wider intervention [24, 25ee].
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PAT are a promising approach for assessing and treating
substance use disorders (SUD) due to the clinical charac-
teristics of this population. These include the presence of
anxiety and depressive symptoms [26, 27], high levels of
emotional dysregulation [28], low levels of daily PA [29,
30], and altered sleep patterns [31]. Recent studies have
shown the potential of using wearable devices to collect
ecological data related to SUD as well [32]. Furthermore,
several clinical studies have concluded the feasibility of
incorporating PAT into standard SUD treatments. For
instance, in a sample of women receiving treatment for
alcohol use disorder (AUD), combining 10 weeks of coun-
seling and PAT for 12 weeks led to an increased num-
ber of daily steps and improvements in depression and
anxiety symptoms [33]. Similarly, in people undergoing
methadone maintenance treatment, wearing PAT as part
of a 12-week peer-facilitatated physical activity interven-
tion produced increased physical activity, positve affect,
and decreased illicit opioid and cocaine use [34]. This is
why PAT have received increasing attention in the field of
addiction research.

Previous review studies have noted the potential of
using active and passive data collection methods in the
context of SUDs [35, 36]. However, since then, new tech-
nology has been developed, and new studies on PAT have
been published. Despite this, there are no specific reviews
about PAT in the context of treatment of SUD. There-
fore, the present review aims to examine the feasibility
and acceptability of using a physical activity tracker in
people with SUD, and the effects on substance use, PA,
and mental health.

Method
Literature Search Strategy

This systematic review followed the Preferred Reporting
Items for Systematic Reviews and Meta-Analysis (PRISMA)
statement [37], and the review protocol was registered in
PROSPERO (CRD42023417229). The PRISMA checklist is
provided in Supplementary Material 1. Studies published in
English were identified through a comprehensive literature
search with no restriction on the year of publication (up to
March 2023) using MEDLINE (PubMed), WOS, and Sco-
pus. The terms included in the search (through all databases)
were related to drugs, substance use disorder (SUD), and
wearable devices (Fitbit, activity tracker, smartband/watch).
The Boolean terms for the electronic databases are provided
in Supplementary Material 2. Titles and abstracts retrieved
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through the searches were exported to reference management
software (Zotero) to remove duplicates.

Eligibility and Exclusion Criteria

The primary eligibility criteria were peer-reviewed, pub-
lished clinical or observational studies examining the effect
of using a commercially-available PAT with people who use
substances that met the following conditions: 1) The study
involved adults who used substances (i.e., aged 18) from
the community or enrolled in treatment/recovery for SUD;
and 2) it provided at least one substance use measure (e.g.,
frequency, quantity, craving, withdrawal symptoms) during
assessment or treatment. Studies that used non-commer-
cially-available wearables (biosensors and research devices)
or smartphone applications were not included due to the
different characteristics of these devices (e.g., presence of
behavioral change techniques, appearance, measuring instru-
ments...). Case studies were also excluded.

Data Extraction

Two independent reviewers conducted the literature
searches. Disagreements about whether to include an article
or not were resolved with a third reviewer. Information about
the sample size, participants’ sex, age, length of time the
PAT were worn, and substance use-related measures were
tabulated. Data on countries, study settings, PAT models,
and results of the interventions were also provided.

A flow chart depicting the literature search is shown in
Fig. 1. A total of 297 articles were identified through the
search and individually examined after duplicates were
removed. Full-text screening of 12 articles was performed.
Seven of those articles met the inclusion criteria and were
therefore included in this review.

Risk of Bias and Quality Assessment

The risk of bias was assessed by two independent reviewers
using the Critical Appraisal Checklist for Analytical Cross-
Sectional Studies [38] and the Critical Appraisal Checklist
for Quasi-Experimental Studies [39] from the Joanna Briggs
Institute [JBI]. These scales assess the quality of studies based
on eight and nine items respectively. The percentage of “yes”
answers in the JBI was computed for each reviewed study, and
an interrater reliability assessment using Cohen’s Kappa coef-
ficients was provided. Disagreement on the assessed studies
was solved by discussion between the two judges.
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Outcomes

The outcomes were: 1) feasibility (adherence of using
the PAT) and acceptability (satisfaction and perceived
utility of the PAT), 2) substance use (alcohol, tobacco,
and illicit substances, craving, and withdrawal) 3) PA
(steps per day, moderate-to-vigorous PA) 4) emotion-
related variables (depression, anxiety, and positive and
negative affect).

Data Analysis

A narrative synthesis was performed to analyze the effects
of using PAT on outcomes. Feasibility, acceptability,
PA, and emotional variables were extracted and summa-
rized using the quantitative and qualitative instruments
reported in the studies. Cohen’s Kappa was used to quan-
tify the level of agreement between judges when assess-
ing the methodological quality of the studies included.
The criteria used were: K <0; no agreement, K=0-0.20;
insignificant, K=0.21-0.40; low, 0.41-0.60 moderate,
K=0.61-0.80; good, K=0.81-1; very good.

Results
Study Characteristics and Participants

The seven studies involved a total of 178 participants. The
mean number of participants per study was 30 (SD=15.93)
and the sample sizes in each study ranged from 15 to 60
participants. The mean age of the participants was 33.67
(SD=15.52) and 39.5% were male. Although all commer-
cially-available PAT were considered, only Fitbit devices
(i.e., Fitbit Flex, Charge, Alta, Alpha, and Charge HR) were
used in the studies reviewed. The average time spent wear-
ing the PAT ranged from 3 to 12 weeks. All the studies were
conducted in the United States of America.

There were four (57.15%) observational studies that
focused on the relationship between drug or alcohol use,
PA, and mental health variables [40—43]. The remaining
three (42.85%) were clinical trials that tested the effects of
a PA promotion intervention—combined with a PAT—on
substance use, physical activity habits, and emotion-related
variables (anxiety, depression, positive affect, and negative
affect) [33, 34, 44]. All clinical trials were single-armed and
did not include follow-ups after the intervention. Incentives

@ Springer



Current Addiction Reports

to comply with the study objectives were used in three stud-
ies (42.85%) [34, 40, 43].

In terms of target substances, the three clinical trials
(42.85%) focused on alcohol [33, 43, 44], three of the obser-
vational studies (42.85%) targeted smoking [40-42], and one
(14.28%) focused on opioids [34] (Table 1).

Feasibility and Acceptability Outcomes

Five of the seven studies (71.42%) provided adherence out-
comes [33, 34, 41-43] and five (71.42%) reported results
on the acceptability of PAT [33, 34, 41-43]. In terms of
adherence outcomes, five studies (71.42%) [33, 34, 41-43]
reported the number of valid data-gathering days, one study
(14.28%) [43] reported the proportion of time wearing the
PAT (including all 24 h/day) and for each of the 1 h prior to
an EMA assessment, and one study (14.28%) [33] reported
the number of times participants checked the Fitbit display
per day (e.g. monitoring the steps taken or their active min-
utes that day). Five (71.42%) studies [33, 34, 41, 42, 44]
reported data on participants’ perceived utility of the PAT,
and two (28.5%) studies [33, 34] reported satisfaction with
the intervention.

In Abrantes et al. (2017), at least 8 h of use of PAT was
reported on 73% of days [33]. Participants reported check-
ing their PAT display to monitor steps an average of 8.4
(SD=6.8) times throughout the day. A similar study with
methadone maintenance treatment seekers by Abrantes et al.
(2021) reported 62.5% (SD =27.6) of possible days (i.e., 8 h
of data recording) using the activity tracker [34]. Sixty-nine
percent of the participants wore the activity tracker for at
least 6 weeks, 57.7% wore it for at least 9 weeks, and 26.9%
wore it for the entire 12 weeks of the study. No data was
reported about hours per day of PAT use.

In Stevenson et al. (2022), the mean percentage of days
participants wore the Fitbit was 81.03% (SD =20.38, range
24.02-98.53%) [43]. Participants had worn the PAT the
previous hour up to 91.28% of the time when an EMA was
completed (SD=25.51, range 0-100%). 4445 data record-
ings from a possible 5040 (88.19% valid days) were obtained
in another two observational studies by Shan et al. (2020)
and Silverman-Lloyd et al. (2018) [41, 42]. Days with two or
more 90-min non-wear periods (between 10 am and 10 pm)
and wear times of less than 6 h in the target time window
were considered not valid.

Concerning acceptability and perceived utility, two stud-
ies used the Participant Experience Questionnaire (PEQ),
made up of 18 items using a 5-point Likert scale from
1 =strongly disagree to 5 =strongly agree, to measure over-
all satisfaction levels with the interventions tested [33, 34].
Abrantes et al. (2021) [34] indicated general satisfaction
with the activity tracker of 4.38 out of 5, while the other
study by Abrantes et al. (2017) [33] study reported a total
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mean score of 74.9 in the PEQ (range 18-90), with higher
scores indicating greater satisfaction. Five studies did not
report quantitative measures of satisfaction with activity
tracker use [40-44].

Four studies used either semi-structured or qualitative
interviews [33, 34, 41, 42]. In the study by Abrantes et al.
(2017) [33], participants reported “good opinions” on the
activity tracker used in combination with the physical activ-
ity intervention (e.g., “It just brought a lot of awareness. |
wasn’t paying attention to it before. Now it’s made it so easy
to pay attention. And it makes me accountable"). Another
study by Abrantes et al. (2021) [34] reported that the activity
tracker helped SUD treatment seekers improve their physical
activity levels and make positive changes in their lives. This
information was extracted from qualitative interviews but no
specific examples or quotes were included in the study. The
participants of the other two studies by Shan et al. (2020)
and Silverman-Lloyd et al. (2018) (i.e. [41, 42].) reported
being more aware of their physical activity thanks to the
activity tracker from yes/no questions included in the end-
of-study survey (i.e. Did wearing the Fitbit increase your
awareness about daily physical activity?). Three studies did
not report qualitative measures of satisfaction with activity
tracker use [40, 43, 44].

Substance Use Outcomes

The three clinical trials [33, 34, 44] used the timeline fol-
low-back (TLFB) method to measure alcohol-use outcomes
and reported a reduction in daily alcohol use after 12 weeks
(see Table 2). A significant pre-post decrease in alcohol use
was found in two studies [33, 44] (see Table 2). In addition,
Linke et al. (2019) [44] reported a significant reduction in
the number of drinks consumed per day. However, no statis-
tically significant differences were found in alcohol cravings
and drinks per day in Abrantes et al. (2017) [33]. Addition-
ally, Abrantes et al. (2021) [34] reported a reduction in days
of drug use in the previous 3 months, with small-to-medium
effect sizes (cannabis reduction d=0.18, cocaine d=0.37,
illicit opioids d=0.41), while Linke et al. (2019) [44] found
statistically significant differences in days of daily drug use
per month.

The four observational studies [40—43] explored the rela-
tionship between health-related behaviors such as sleep hab-
its, PA, and substance use outcomes. Notably, craving was
considered the principal outcome in all of the non-clinical
studies included in this review. In Purani et al. (2019) [40],
poor sleep quality was associated with increased tobacco
craving and withdrawal. Shan et al. (2020) and Silverman-
Lloyd et al. (2018) [41, 42] found that smoking urges were
significantly related to recent steps (steps taken in the 30, 60,
and 120 min prior to a reported urge) but not to daily steps
and MVPA. However, the relationship between steps taken
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Table 2 Days of alcohol use

Study (year) [text refer- Baseline® End of treatment Cohen's d

ence]

Abrantes et al. (2017) —1.60
[33]*

Abrantes et al. (2021)
[34]*

Linke et al. (2019)

51.15 (26.13) 4.20 (6.44)

6.2 (13.5) 350.2) -0.18

18.1 8.9) 2534 N.A

*Mean (standard deviation); * past month; ** past 3 months;
N.A.=not available; bold=indicates statistically significant changes
from baseline to the end of the treatment

and smoking urges was mixed, and was strong and consist-
ently inverse in some participants. Similarly, Stevenson et al.
(2022) [43] used EMA to study the relationships between
alcohol urges and steps per day and found a small inverse
effect. No association was found between alcohol urges and
steps in previous hours.

Physical Activity Outcomes

All three clinical trials reported an increase in PA [34, 34,
44] (see Table 3). Abrantes et al. (2017) [33] reported a
statistically significant increase in the number of steps per
day and general PA duration between baseline and the end-
of-treatment after 12 weeks. Non-significant differences
were found in the average weekly MVPA duration (min-
utes) between baseline (M =48.49 SD=71.62) and end-of-
treatment (M =77.21 SD=57.43). In addition, there was an
increase in days when participants exercised to cope with
SUD between baseline (M =2.90 SD =5.98) and end-of-
treatment (M =15.67 SD=16.96). In Abrantes et al. (2021)
[34], participants were recommended to take 10,000 steps/
day and to spend 150 min a week doing MVPA. The mean
number of steps per day during the intervention was 10,572
(SD=4409). Linke et al. (2019) [44] reported a positive
small effect size (d=0.23) in the increase in number of steps
per day from Week 1 to Week 12, despite these differences
not being statistically significant. Nevertheless, it is impor-
tant to note that the baseline in week 1 was above 10,000

steps/day in participants completing the study (n=11),
above the WHO recommendations [45].

The observational studies described their participants’ PA
habits. Shan et al. (2020) and Silverman-Lloyd et al. (2018)
[41, 42] reported a median of 7807 steps per day, with no
differences over the study. The median total MVPA minutes
per week was 80 (IQR 31-162). The median number of min-
utes spent on MVPA per day was significantly higher in men
(12 min, IQR 3-20) than in women (3.5 min, IQR 1-9). The
median number of minutes spent on lighter activity per day
was also significantly higher in men (34 min, IQR 26-52)
than in women (18 min, IQR 15-23).

Stevenson et al. (2022) [43] found that step count did not
vary throughout the study (M =8,183 SD =5,560). Fifty-six
percent (14/25) of the participants engaged in bouts of mod-
erate-intensity exercise lasting at least 10 min. The percent-
age of time wearing the Fitbit was not significantly related
to the number of bouts of exercise.

Mental Health Outcomes

The three clinical trials examined changes in mental health
[33, 34, 44] (see Table 4). Abrantes et al. (2017) [33] found
significant decreases in levels of depression, anxiety, and
negative affect and an increase in levels of positive affect
between baseline and end-of-treatment.

The other two studies showed that wearing an activity
tracker may have had a positive, but not statistically signifi-
cant effect on mental health outcomes. Abrantes et al. (2021)
[34] found no difference between baseline and end-of-treat-
ment for depression, anxiety, or negative affect. However,
they reported a medium effect size for an increase in positive
affect (d=0.63). Similarly, Linke et al. (2019) [44] found no
statistically significant differences in positive affect, negative
affect, or depression between baseline and end-of-treatment,
although descriptive statistics showed differences in levels
of depression.

Methodological Quality Assessment

The Cohen's Kappa for the assessed studies ranged between
0.41 (moderate) and 1 (very good). Cohen's Kappa for

Table 3 Physical activity
outcomes

Study (year) [text reference] Steps/day Weekly MVPA minutes

Baseline® End-of-treatment® BS* EOT*
Abrantes et al. (2017) [33] 5290 (1477) 9174 (5518) 48.49 (71.62) 77.21 (57.43)
Abrantes et al. (2021) [34] 6222 (2926) 11,540 (5095) 35527 47.7 (60.50)
Linke et al. (2019) [44] 10,253 12,151 N.R N.R

“Mean (standard deviation); BS Baseline; EOT End of Treatment; MVPA Moderate-To-Vigorous Physical
Activity; bold=indicates statistically significant changes from baseline to the end of the treatment; not

reported =N.R.
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Table 4 Mental health outcomes

GAD-7 PANAS-Positive PANAS-Negative

PHQ-9

Study (year)

[text reference]

EOT*

BS*

BS® EOT*

d

EOT*

BS®

EOT*

BS*®

1.11 29.1 (8.7) 36.0 (10.2) 0.52 27.2(7.2) 18.6 (10.2) —1.12

8.7

15.4 (6.1)

-1.12

3.8

11.5 3.9)

Abrantes et al. (2017) [33]

(5.5)
8.9
(5.5)

(5.1)

249(7.0)  300(10.0) 063  204(89)  21.3(8.6) 0.05

0.18

7.8
(5.2)

N.R

22.1 (13.6) —-0.06

225 (11.8)

Abrantes et al. (2021) [34]

N.A

16

16.6 (6.5)

N.A

33.8 (6.5) 31.7(7.1)

N.A N.R N.R

10.3 (4.0)

Linke et al. (2019) [44]

(5.5)

(7.0)

*Mean (standard deviation). Bold =indicates statistically significant changes from baseline to the end of the treatment

BS Baseline; EOT End-of-treatment; N.S. Not reported; N.A. Not Available; d Cohen’s d; PHQ-9 Patient Health Questionnaire; GAD-7 Generalized Anxiety Disorder; PANAS-Positive Positive

and Negative Affect Schedule-Positive; PANAS-Negative Positive and Negative Affect Schedule- Negative

quasi-experimental and cross-sectional studies were K=0.83
(very good) and K=0.645 (good) respectively. After discus-
sion, the two independent reviewers agreed on 100% of the
items.

Two-thirds of the quasi-experimental studies, 66.6%
(n=2) complied with 4/8 items and 33.3% (n=1) complied
with 5/8 items (see Table 5). The principal limitations of
the studies were mainly due to exposure to different condi-
tions other than the activity tracker that can confound the
main outcomes (e.g., steps/day, improvements in mental
health); the lack of control groups, and limitations in sta-
tistical analysis.

On the other hand, 25% (n=1) of the cross-sectional stud-
ies complied with 4/7 items on the JBI checklist; 25% (n=1)
complied with 5/7 items and 50% (n=2) complied with 7/7
items. Studies that had the lowest scores in the risk assess-
ment did not include a clear description of the study subject
or settings and lacked strategies to deal with confounding
factors (Table 6).

Discussion

PAT are a promising approach for the investigation and treat-
ment of substance use. To the best of our knowledge, this is
the first systematic review to summarize the evidence for the
feasibility of using PAT in people with SUD and its effects
on substance use, PA, and mental health.

Feasibility and acceptability outcomes indicated high
adherence to using activity trackers in terms of time of use
and satisfaction. The percentage of time using the activity
tracker was very high, over 62% of days in all the studies.
Additionally, satisfaction and perceived utility were high
when reported. Overall, using activity trackers seems fea-
sible for various purposes, such as assessing health-related
variables or complementing interventions to promote PA
in the SUD context. This is consistent with the previous
literature about using activity trackers with other popula-
tions, such as people with serious mental illness, elderly
adults, and young people and adults from the general popu-
lation [16, 46, 47]. The high levels of compliance suggest
that incorporating activity trackers into treatment may be
acceptable with SUD patients. Moreover, adherence and
acceptability may be enhanced through several methods such
as offering financial incentives [33, 34, 44] or adding per-
sonalized feedback or sessions to address possible problems
(e.g. difficulties in synchronizing or operating the tracker)
using the trackers [41].

The combination of activity trackers and other interven-
tions (peer-facilitated intervention, programs to promote PA,
or counseling) may promote PA and consequently, improve
substance use outcomes (days of alcohol and drug use) in
clinical settings. All the reviewed studies found a reduction
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Table 5 Methodological
quality assessment of quasi-
experimental studies based on
the JBI checklist

Table 6 Methodological quality
assessment of cross-sectional
studies based on the JBI
checklist

Study (year) Total

[text reference]

Criteria and corresponding scores % Agreement®

#1 #2  #3 #4 #5 #6  #7  #8 #9

Abrantes et al. (2017) [33] Yes Yes No No Yes Yes N.A Yes No 5 62.5
Abrantes et al. (2021) [34] Yes Yes No No Yes No NA Yes No 4 80
Linke et al. (2019) [44] Yes Yes No No Yes No NA Yes No 4 80

N.A.=Not applicable. *Percentage of inter-rater agreement for each of the assessed studies. The percentage
was calculated by omitting non-applicable items. #1 Is it clear in the study what is the “cause” and what is
the “effect” (i.e. there is no confusion about which variable comes first)? #2 Were the participants included
in any comparisonssimilar? #3 Were the participants included in any comparisons receiving similar treat-
ment/care, other than the exposure or intervention of interest? #4 Was there a control group? #5 Were there
multiple measurements of the outcome both pre and post-intervention/exposure? #6 Was follow-up com-
plete and if not, were differences between groups in terms of their follow-up adequately described and ana-
lyzed? #7 Were the outcomes of participants included in any comparisons measured in the same way? #8
Were outcomes measured reliably? #9 Was an appropriate statistical analysis used?

Study (year)
[text reference]

Criteria and corresponding scores Total % Agreement®

#1 #2  #3  #4  #5 #6  #T #8

Purani et al. (2019) [40] Yes No Yes Yes NNA No No Yes 4 57
Shan et al. (2020) [41] Yes Yes Yes Yes N.A Yes Yes Yes 7 100
Silverman-Lloyd et al. (2018) [42] Yes Yes Yes Yes N.A Yes Yes Yes 7 100
Stevenson et al. (2022) [43] Yes No Yes Yes N.A No Yes Yes 5 71

N.A.=Not applicable. *Percentage of inter-rater agreement for each of the assessed studies. The percent-
age was calculated by omitting non-applicable item #1 Were the criteria for inclusion in the sample clearly
defined? #2 Were the study subject and the settings described in detail? #3 Was the exposure measured
validly and reliably? #4 Were objective, standard criteria used for measurement of the condition? #5 Were
confounding factors identified? #6 Were strategies to deal with confounding factors stated? #7 Were the

outcomes measured validly and reliably? #8 Was an appropriate statistical analysis used?

in days of alcohol and drug use [33, 34, 44]. Nevertheless,
the evidence of these devices’ effectiveness is very weak
due to the lack of studies testing solely the effect of the
PAT. Various factors may contribute to the positive effect
of activity trackers on substance use outcomes. PAT incor-
porate behavioral change techniques [14] that have demon-
strated that they can increase PA. This may have an impact
on reducing substance craving and negative affect leading to
better treatment results. Using wearable PAT may increase
patients’ motivation and adherence to treatment as a whole,
not only improving engagement with PA but also enhanc-
ing adherence to SUD-specific treatment as some studies in
other populations have suggested [48]. However, this spe-
cific effect should be explored in future research on using
PAT in treating SUD. All three clinical trials reported an
increase in PA, which in turn has a positive effect on reduc-
ing anxiety, drug craving, and withdrawal [49-51, 52e].
Nevertheless, the results of PA in observational studies
were mixed [41-43]. These inconsistent results might be a
consequence of the complex relationship between PA and
substance use [53]. Variables such as intensity, frequency,
and exercise time are determinants in understanding the rela-
tionship between PA and substance use. It is important to
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bear in mind that the maximum benefit of PA on craving and
withdrawal symptom reduction is achieved in medium or
high amounts, and the benefits are smaller when the exercise
level is low [52e].

In addition to increases in PA, Abrantes et al. (2017) [33]
found improvements in depression, anxiety, and levels of
negative affect, as well as an increase in levels of positive
affect. Small changes in mental health variables were also
found in other studies [34, 44]. Physical activity is known
to have a positive effect on emotional regulation [52e, 54]
and depression symptoms [46], and these devices may be
able to improve mental health outcomes mediated by PA
increase [18ee].

The results from this systematic review are of clinical
importance, however, there are several limitations intrinsic
to the reviewed studies that should be addressed. Firstly,
there was substantial variety in study designs, which may
have affected comparability. Most of the studies in this
review used designs (e.g., single-armed) that were not
designed to isolate the effect of PAT, and small sample
sizes that meant we could not extract firm conclusions
about the effects of the activity trackers. In additon, the
heterogeneity of the participants' characteristics limits
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the comparison of the results. Nevertheless, including
such populations can be considered as one of the review’s
strengths, as it is in line with the most current transdiag-
nostic conceptualizations of addictive behaviors. Another
limitation was that the reviewed studies were rated as
moderate in terms of methodological quality, with the
cross-sectional studies having lower scores than the quasi-
experimental studies. Finally, some of the studies did not
report any specific instructions given to the participants, so
we do not know the number of hours per day a participant
should be using the activity tracker and therefore cannot
calculate the actual time of use from the total. Although
some studies reported the criteria for excluding a day of
use or for excluding a participant from the analysis, this is
not a precise way of reporting adherence. Beyond studying
adherence, missing data plays an important role in making
conclusions from the data. Not considering missing data
can bias the final results of the studies.

Conclusions and Future Directions

Despite the limitations, the current study provides prelimi-
nary evidence that using PAT as part of a broader behavioral
intervention is feasible and promising in promoting physical
activity and improving health-related outcomes, including a
reduction in substance use. Considering the small number of
studies and their limitations, future randomized clinical tri-
als should be designed to isolate the effect of PAT and to test
the long-term effectiveness of incorporating these devices
into existing interventions for SUD.
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