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ARTICLE INFO ABSTRACT

Keywords: Background: Physical activity may be effective in alleviating depressive symptoms and improving glycaemic
Depression control; however, evidence to guide practice is limited. The current review was conducted to assess the effects of
Diabetes mellitus type 2 physical activity on depression and glycaemic control in people with type 2 diabetes mellitus.

E(:‘fz:_lzm Methods: Randomized controlled clinical trials, from the earliest record to October 2021, which recruited adults

with the diagnosis of type 2 diabetes mellitus and compared physical activity with no interventions or usual care
for the management of depression were included. The outcomes were change in depression severity and gly-
caemic control.

Results: In 17 trials, including 1362 participants, physical activity was effective in reducing the severity of
depressive symptoms (SMD = —057; 95%CI = —0.80, —0.34). However, physical activity did not have a sig-
nificant effect in improving markers of glycaemic control (SMD = —0.18; 95%CI = —0.46, 0.10).

Limitations: There was substantial heterogeneity in the included studies. Furthermore, risk of bias assessment
showed that most of the included studies were of low quality.

Conclusions: Physical activity can effectively reduce the severity of depressive symptoms, nonetheless, it appears
that physical activity is not significantly effective in improving glycaemic control in adults who have both type 2
diabetes mellitus and depressive symptoms. The latter finding is surprising, however, given the limited evidence
on which this is based, future research on the effectiveness of physical activity for depression in this population
should include high quality trials with glycaemic control as an outcome.

1. Introduction

The many challenges of living with type 2 diabetes mellitus (T2DM)
may negatively affect mental health and therefore individuals with
T2DM are at higher risk of developing depression (Pinchevsky et al.,
2020; Davies, 2019; Zhuang et al., 2017; Chireh et al., 2019; Elamoshy
et al., 2018; Wang et al., 2019). In individuals with T2DM, depression
worsens glycaemic control and thus increases the risk of developing
secondary complications (Hermanns et al., 2013; Nouwen et al., 2019).

Treatment of depression in people with T2DM is much more chal-
lenging compared to the general population as clinicians have to

Abbreviations: T2DM, type 2 diabetes mellitus; HbAlc, haemoglobin Alc.

consider blood glucose levels and other diabetes specific parameters,
which may be adversely affected by psychotropic medication (Davies,
2019; Owens-Gary et al., 2019; Brandt et al., 2019). Moreover, the
motivational deficits seen in depression may negatively impact diabetes
treatment adherence and self-management activities such as diet and
physical activity. Therefore, due to the complex interaction between
T2DM and depression, treatment needs to consider both psychological
wellbeing and glycaemic control (Davies, 2019; Perrin et al., 2019;
Owens-Gary et al., 2019; Petrak and Herpertz, 2009; Petrak et al., 2015;
Kulzer et al., 2013). A wide range of antidepressant medications and
psychotherapeutic approaches are available to manage depression and
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have been shown to be effective in the general population. Although it is
commonly thought that improvement in mental health may also help in
achieving glycaemic control in people with depression and T2DM,
studies have reported that both antidepressants and psychotherapy have
limited effects on glycaemic control (Wang et al., 2017; Baumeister
et al., 2014; Holt et al., 2014; Harkness et al., 2010).

In contrast to these approaches, physical activity might not only be
effective in alleviating depressive symptoms but may also assist in
achieving glycaemic control in people with T2DM (Kandola et al., 2019;
Schuch et al., 2018; Narita et al., 2019). Antidepressant effects of
physical activity have been demonstrated both in the general population
and in patients with co-morbid somatic illnesses such as cardiovascular
diseases and diabetes (Narita et al., 2019; Masanovic et al., 2018; Wu
et al., 2017). Physical activity may have two-fold benefits for pop-
ulations with comorbid mental and physical health problems: (i) it may
reduce depressive symptoms through biological and psychosocial
pathways and (ii) improve physical health either by improving the co-
morbid condition itself or by preventing secondary complications
associated with the co-morbid condition (Blumenthal et al., 2012;
Knapen et al., 2015).

The available literature suggests that the positive effects of physical
activity for managing depression are also applicable to people with
T2DM and depression (Lysy et al., 2008; Schneider et al., 2016). Besides
the general antidepressant mechanisms, physical activity in people with
T2DM might stimulate additional antidepressant mechanisms to manage
depression. For example, research suggests that poor glycaemic control
can contribute to the emergence of depression while several lines of
evidence suggest that physical activity can help in improving glycaemic
control and quality of life in people with T2DM (Ravona-Springer et al.,
2017; Hamer et al., 2011; Maraldi et al., 2007). Consequently, it can be
hypothesized that in people with T2DM, physical activity not only exerts
its antidepressant mechanisms by improving psychological status but
also by improving physical health (Green et al., 2011).

Despite its numerous health benefits, there is a scarcity of high-
quality evidence regarding the effectiveness of physical activity in
managing depression among adults with T2DM. One systematic review
assessed the effect of physical activity on managing depression in people
with diabetes (Narita et al., 2019). However, it included people with
both type 1 and type 2 diabetes and did not perform a subgroup analysis
to report effects of physical activity in managing depression specifically
in people with T2DM. Moreover, it only assessed effects of physical
activity on depressive symptoms and did not evaluate the impact on
glycaemic control. Moreover, it included both participants with and
without a diagnosis of depression and did not differentiate between
these groups. Furthermore, there were a limited number (n = 3) of da-
tabases searched and the review was limited to English language arti-
cles. Therefore, the current study aimed to comprehensively summarise
the evidence, using rigorous systematic review methods, for the effects
of physical activity in people with depression and T2DM.

1.1. Objectives

The objectives of the review were to assess the effects of physical
activity compared with usual care or no intervention on depression and
glycaemic control in people with T2DM.
2. Methods
2.1. Protocol and registration

The protocol for this systematic review and meta-analysis was

registered with PROSPERO (www.crd.york.ac.uk/PROSPERO) under
the registration number CRD42021273032.
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2.2. Eligibility criteria

2.2.1. Study designs

Individual or cluster randomized controlled trials which compared
physical activity with no intervention or usual care for the management
of depression in subjects with T2DM were included. Studies that
compared two forms of physical activity without another control group
were excluded.

2.2.2. Participants

Clinical trials were included which recruited adults (18 years and
above) with T2DV, irrespective of how the diagnosis of T2DM had been
ascertained. Clinical diagnosis of depression was not mandatory for in-
clusion, however, individuals with T2DM who underwent an evaluation
for depressive symptoms at baseline and follow-up, were included.

2.2.3. Intervention

Any form of physical activity (aerobic/anaerobic, supervised/unsu-
pervised) alone or in combination with any other treatment modality
used for managing depression was included. Physical activity was
defined as “movement produced by skeletal muscle that leads to energy
expenditure above resting levels” (Ainsworth et al., 2011).

There was no restriction on the duration of each session and number
of total sessions.

2.2.4. Comparator

The participants in the control group received either usual care or no
intervention. Usual care consisted of leaflets, brief advice or educational
sessions.

2.2.5. Outcomes

The primary outcome was the change in depression severity from
baseline to post intervention at the last available follow up measured on
validated measures.

Secondary outcomes included improvements in glycaemic control
from baseline to post intervention and last available follow up measured
through Haemoglobin Alc (HbAlc).

2.3. Information sources

MEDLINE (Ovid) (1946 to October 06, 2021), EMBASE (Ovid) (1974
to 2021 October 06, 2021), AMED (1985 to October 2021), CINAHL
(EBSCO) (1982 to October 2021), PsycINFO (1806 to September Week 4
2021) and Health Management Information Consortium (1979 to July
2021) were searched. Reference lists of the included articles and rele-
vant systematic reviews were also checked to find additional articles.

2.4. Search strategy

The search strategy for the various databases is provided in supple-
mentary file 1.

2.5. Study selection

Search results were imported into Covidence (www.covidence.org).
After removal of duplicates, screening was performed at two stages;
during the first stage two independent reviewers (AA and IU) screened
the titles and abstracts of the studies, while during the second stage the
same reviewers independently performed full text screening. Based on
full text screening, studies were divided into relevant, irrelevant, and
unsure categories. Studies in the “irrelevant” category were excluded
and reasons for exclusion were documented, while studies in the “rele-
vant” group were included. Studies in the “unsure” category were dis-
cussed further at a consensus meeting with the two independent
reviewers. Disagreements between the two reviewers (AA and IU) were
resolved by discussion and if needed, a third reviewer (MM) was
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contacted to make the final decision on inclusion/exclusion.
2.6. Data collection process

The data extraction form was designed and piloted before data
extraction. Two independent reviewers (AA, IU) evaluated each
included study and extracted data. All discrepancies were resolved by
discussion and if needed, a third reviewer (MM) resolved disagreements.

2.7. Data items
The information, extracted from the included studies was:

e Study information such as first author name, year of publication and
country name.

Participant information such as sample size and participants in each
group, demographic information (mean age, gender) and clinical
characteristics.

Information about physical activity intervention; type and intensity
of physical activity, modes of delivery, settings, procedures, and
processes involved, duration of each session, number of total sessions
and follow up duration.

Information about control group(s)

Information about any co-interventions used along with physical
activity

Information about outcome measures used in the study and baseline,
post intervention and follow up scores (if available) of outcome
measures used for assessing depressive symptoms and glycaemic
control.

2.8. Risk of bias assessment

Two independent reviewers (AA, IU) evaluated the methodological
quality of each included study according to the Cochrane risk of bias tool
version 1. Methodological quality assessments were checked for agree-
ment between AA and IU and any discrepancy was resolved by discus-
sion. In cases where the discrepancy could not be resolved, a third
reviewer (MM) made the final decision.

2.9. Data synthesis

Meta-analyses were conducted using random-effects models in Rev-
Man 5.4.1 software. The I? statistic was used to report heterogeneity in
the included studies. Funnel plots were used to assess and report pub-
lication bias.

2.10. ubgroups analysis

Subgroup analyses were conducted to assess whether findings varied
according to gender, economic status of the country in which study was
conducted (high income vs. low- and middle-income countries, diag-
nosis of depression (diagnosed vs. undiagnosed depression) and quality
of the studies. The World Bank list of high income countries and low-
and middle-income countries (LMICs) was used to classify countries on
economic status.

3. Results
3.1. Study selection

The literature search identified 4704 records. Two records were
identified through additional sources. Following removal of duplicates,
3567 articles remained. Titles and abstracts of these articles were
screened, and 3442 were excluded. Full texts of the remaining 125 re-
cords were studied and 107 records were excluded, documenting rea-
sons. Finally, 18 studies meeting eligibility criteria were included in the
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narrative synthesis, of which 17 studies were included in meta-analyses.
(Fig. 1).

3.2. Study characteristics

Most of the included studies (n = 11) were conducted in high income
countries while 7 studies were conducted in LMICs. Two were conducted
between the year 2001 to 2010 and 14 between 2011 and 2020. The
remaining 2 studies were conducted in 2021 (Table 1).

Most randomized controlled trials (n = 15) had two study arms. Two
studies had three arms, however, we considered only two arms (physical
activity and usual care) from these two studies in the analysis (Vucic
Lovrencic et al., 2015; Putiri et al., 2012). One study had four arms
(CBT, exercise, CBT + exercise, usual care), from which we considered
three arms (exercise, CBT + exercise, usual care) in the analysis (De
Groot et al., 2019b). For the latter study, we combined data of two
intervention groups (exercise and CBT + exercise) for conducting meta-
analysis.

3.3. Participants

The 18 studies included 1428 participants (746 in the experimental
group and 682 in the control group). Most (n = 13) studies included both
male and female participants, while 3 studies included only male par-
ticipants (Saiiari et al., 2011; Sardar et al., 2014; Gilani and Feizabad,
2019), and 2 studies included only female participants (Schneider et al.,
2016; Yucel and Uysal, 2016). Participants in 14 studies had a mean age
>50 years, while participants in 4 studies had a mean age <50 years
(Gilani and Feizabad, 2019; Osama and Shehab, 2015; Sardar et al.,
2014; Saiiari et al., 2011).

The majority of the studies (n = 12) did not specify a clinical diag-
nosis or severity of depression of the included participants. Of the
remaining 6 studies, two studies included participants with major
depressive disorder diagnosed based on the Structured Clinical Inter-
view for DSM-IV disorders(Schneider et al., 2016; De Groot et al.,
2019b), one study included participants with Beck Depression Inventory
scores (BDI) >14 (Piette et al., 2011), one study included participants
with BDI scores >18 (Saiiari et al., 2011), one study included subjects
with at least one depressive symptom on Patient Health Questionnaire-2
(PHQ-2) (Vucic Lovrencic et al., 2015), while one study included sub-
jects with mild to moderate depression, but did not reported the method
of diagnosing mild to moderate depression (Abdelbasset et al., 2020).

3.4. Intervention

Thirteen studies used a physical activity intervention alone. Of the
remaining 5 studies, 2 combined physical activity with cognitive
behavioural therapy (CBT) (Piette et al., 2011; De Groot et al., 2019b),
one study combined it with behavioural activation (Schneider et al.,
2016), one study combined it with dietary measures (Osama and She-
hab, 2015), while one study combined physical activity with cognitive
training (Kraiwong et al., 2021). Eleven studies used aerobic exercises as
an intervention, 2 studies used resistance exercises (Lincoln et al., 2011;
Putiri et al., 2012) while 5 studies used mixed types of exercises as the
intervention (Martinez-Velilla et al., 2021; Kraiwong et al., 2021; Dur-
uturk and Ozkoslu, 2019; Vucic Lovrencic et al., 2015; Aylin et al.,
2009).

Four studies provided purely supervised physical activity (Lincoln
et al., 2011; Duruturk and Ozkoslu, 2019; Gilani and Feizabad, 2019;
Kraiwong et al., 2021), 3 studies provided purely unsupervised physical
activity (Kempf and Martin, 2013; Piette et al., 2011), 3 studies provided
mixed supervised and unsupervised physical activity (Aylin et al., 2009;
Martinez-Velilla et al., 2021; Putiri et al., 2012), while the remaining 8
studies did not provided explicit information about supervision. A large
proportion (n = 13) of studies applied low to moderate intensity exercise
(McKay et al., 2001, Saiiari et al., 2011, Osama and Shehab, 2015,
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Fig. 1. PRISMA flow chart.

Sardar et al., 2014, De Groot et al., 2019b, Kraiwong et al., 2021,
Schneider et al., 2016, Kempf and Martin, 2013, Vucic Lovrencic et al.,
2015, Yucel and Uysal, 2016, Duruturk and Ozkoslu, 2019, Aylin et al.,
2009, Gilani and Feizabad, 2019), 1 study applied high intensity exer-
cises while the remaining 4 did not reported intensity of physical activity
(Abdelbasset et al., 2020; Martinez-Velilla et al., 2021; Piette et al.,
2011; Putiri et al., 2012).

3.5. Comparator

In the majority (n = 16) of the included studies the comparator was
usual care. The remaining 2 studies did not describe the care received by
participants in the control group (Osama and Shehab, 2015; Saiiari
et al., 2011).

3.6. Outcomes

Most of the studies used the BDI (n = 8) and the Centre for Epide-
miologic Studies Depression Scale (CES-D) (n = 4) for assessing
depressive symptoms. Out of 18 studies, 17 reported post treatment
results while only one study reported results at one-year follow up
(Vucic Lovrencic et al., 2015). Of the included studies, 10 reported ef-
fects of physical activity on glycaemic control (Aylin et al., 2009, De
Groot et al., 2019b, Duruturk and Ozkoslu, 2019, Kempf and Martin,
2013, Piette et al., 2011, Putiri et al., 2012, Schneider et al., 2016, Vucic
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Lovrencic et al., 2015, Yucel and Uysal, 2016, Kraiwong et al., 2021). All
these 10 studies used HbAlc.

3.7. Risk of bias

For a large proportion (n = 11) of the included studies, four or more
risk of bias domains were marked as “high risk” or “unclear risk” (Fig. 2
& Supplementary Fig. 1).

3.8. Meta-analysis

3.8.1. Depression

Seventeen studies with 1362 subjects (705 in the physical activity
group, 657 in the control condition) were included in the quantitative
synthesis. One study (Kraiwong et al., 2021) was excluded from the
meta-analysis because it lacked useable depression data to measure post-
treatment means and standard deviations (SD). Of the included 17
studies, 13 clearly reported the post-treatment means and SD for both
the physical activity group and the control group. For two studies, post-
treatment means, and SD were obtained from study authors through
email (Kempf and Martin, 2013; Putiri et al., 2012). One study reported
the 95 % confidence interval for the difference in means (Martinez-
Velilla et al., 2021), from which we calculated standard error (SE) using
the formula: SE = (upper limit — lower limit) / 3.92. We then calculated
the SD for the SE using the formula: SD = SE x /N.
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Table 1

Summary of findings.
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Author name

Participant information

Treatment

Outcome measure

Outcome measure

(year)/country Experimental Control Experimental group Control group (depression) (glycaemic control)
group group
Abdelbasset 14(8M & 6F) 14(7M& 45 min proprioceptive exercises (cross- Usual care HRSD Not reported
et al. (2020)/ Mean age = 53.4 7F) body leg swings, single-leg squat, one-leg Significant (p =
Saudi Arabia + 5.3 years Mean age balance, forward & backward leg swings, 0.013) between-group
=528 + blind advanced one-leg balance, side difference
5.7 years lunge) 3 sessions per week for 8 weeks
Aylin et al. 18 (1I5M & 3 F) 18 (12M & 30-45 min resistance training under the Instruction not to CES-D HbAlc
(2009)/ Mean age = 6 F) supervision of therapist & 15-45 min undertake any formal No significant (P- Significant (P-value
Turkey 51.39 + 2.02 Mean age home based walking, twice per week for 8  exercise during the study  value = 0.48) = 0.01) between-
years = 56.06 + weeks period between-group group difference
1.48 years difference
De Groot et al. Exercise group: 36 (OM & Exercise group: 100 to 150 min of Usual care BDI-II HbAlc
(2019a)/USA 34(8M & 26 F) 27 F) moderate intensity community-based Exercise vs usual care:  Exercise vs usual
Mean age = 54.6 Mean age endurance exercises per week for 12 Significant (P = care: No significant
+ 10.7 years =542+ weeks including six sessions with a 0.021) between-group (P = 0.132) between-
Exercise + CBT 10.4 years personal trainer difference group difference
group: 34 (6 M & Exercise + CBT group: Exercise + 10 Exercise + CBT vs Exercise + CBT vs
28 F) sessions of individual CBT for 12 weeks usual care: Significant ~ usual care:
Mean age = 57.1 (P < 0.001) between- Significant (P =
+ 10.7 years group difference 0.016) between-
group difference
Duruturk and 23(12M&11F) 21 (14M&  20-45 min callisthenic exercises Usual care BDI HbAlc
Ozkoslu Mean age = 7 F) (strengthening and stretching) at home, Significant (P < No significant (P =
(2019)/ 52.82 + 11.86 Mean age supervised through telerehabilitation 0.0001) between- 0.42) between-group
Turkey years =53.04 + approach, three times a week, for 6 weeks group differences difference
10.45 years
Gilani and 30 M subjects 30 M 45-60 min of supervised aerobic exercise Usual care GHQ-28 Not reported
Feizabad Mean age = subjects (stretching, slow running, followed by No significant (P =
(2019)/Iran 48.86 + 5.76 Mean age endurance training on treadmill) at 60-70 0.078) between-group
years =49.08 + % of maximum oxygen consumption, 3 difference
6.09 years sessions per week for 12 weeks.
Kempf and 93(42M & 51F) 83(35M &  Videogame based exercises using Wii Usual care CES-D HbAlc
Martin Mean age = 61 + 48F) console, balance board and exercise game No significant (P > No significant (P >
(2013)/ 7 years Mean age Wii Fit Plus, 30 min per day for 12 weeks 0.05) between-group 0.05) between-group
Germany =60+8 differences difference
years
Kraiwong et al. 22(7M & 15F) I51M& 45 to 60 min moderate-intensity exercises 4 sessions of health PHQ-9 HbAlc
(2021)/ Mean age = 14 F) (aerobics, resistance exercises, and education No significant No significant
Thailand 70.09 + 4.45 Mean age balance training) combined with between-group between-group
years =72.87 + cognitive training (memory, attention, difference difference
6.42 years and executive functions), 3 sessions per
week for 8 weeks
Lincoln et al. 29 (9M & 20 F) 29 (12M &  45-min resistance exercise training under Phone calls every other GDS Not reported
(2011)/USA Mean age = 66.0 17 F) supervision, three times per week for 16 week and one-repetition Significant (P <
=+ 7.9 years Mean age weeks maximum testing at 0.0001) between-
=66.6 + baseline, weeks 9 and 16 ~ group difference
7.4 years
Martinez-Velilla 54(29M & 25F) 49(21M &  Two daily, 20 min progressive resistance, ~ Usual care GDS Not reported
et al. (2021)/ Mean age =87 + 28 F) balance and walking exercises, 5 to 7 days Significant (P <
Spain 4 years Mean age per week from admission to discharge 0.001) between-group
=86+5 difference
years

McKay et al.
(2001)/USA &
Canada

Osama and
Shehab
(2015)/Saudi
Arabia

Piette et al.
(2011)/USA

Putiri et al.
(2012)/USA

38 subjects 40 subjects
Overall mean age = 52.3 years
(37M & 41 F)

50 subjects 50 subjects

Mean age = Mean age
36.35 £ 5.11 =37.16 +
years 4.32 years
56 males & 44 females
145 (71 M & 74 146 (73 M
F) & 73 F)
Mean age = 55.1 Mean age
=+ 9.4 years =56.0 +

10.9 years
11 subjects 10 subjects
Mean age = 58.4 Mean age
+7.4 =594+
years 6.8

years

Personalized physical activity program
tailored to individual needs of the
participants for 8 weeks

40-min aerobic exercise (at 60 %-80 %
maximum heart rate) on treadmill, three
sessions per week for 12 weeks combined
with dietary measures

Pedometer-based walking program plus
telephone-delivered CBT for 48 weeks

Progressive resistance training one-hour
group session per week under supervision
& practice same exercises at home for 30
min twice a week, for 12 weeks

452

Access to diabetes-
specific articles and
realtime blood glucose
tracking

No intervention

Enhanced Usual Care
(educational materials
about depression and
diabetes)

Usual care

CES-D

No significant (P-
value = 0.101)
between-group
difference

BDI

Significant (P < 0.05)
between-group
differences

BDI

Significant (P <
0.0001) between-
group difference

BDI
Significant between-
group difference

Not reported

HbAlc

No significant (P-
value = 0.70)
between-group
difference

HbAlc

No significant
between-group
difference

(continued on next page)
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Table 1 (continued)
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Author name

Participant information

Treatment

Outcome measure

Outcome measure

ear)/count depression lycaemic control
(year)/ 24 Experimental Control Experimental group Control group (dep ) (8l )
group group
Saiiari et al. 30 M subjects 30 M 30-min crawl swimming, three to four Not mentioned BDI Not reported
(2011)/Iran subjects days per week for 8 weeks Significant (P =

Age range of 28-45 years

Usual care/information
about nutrition, exercise,
and glucose monitoring

Usual care

Usual care & written self-

help instructions to cope
with mood difficulties

Usual care

0.001) between-group
difference

BDI, HRSD

No significant (P =
0.37 on BDL; P = 0.09
on HRSD) between-
group difference
GHQ-28

No significant (p =
0.657) between-group
difference

CES-D

No significant (p =
0.656) between-group
difference at 1 year
follow up

HADS-D

No significant (P =
0.297) between-group

HbAlc

No significant (P =
0.78) between-group
difference

Not reported

HbAlc

No significant (p =
0.45) between-group
difference at 1 year
follow up

No significant (P =
0.367) between-
group difference

Schneider et al. 15 F subjects 14 F 90-min group exercise classes 2 times per
(2016)/USA Mean age = 53.3 subjects week for 16 weeks, once a week for 4
+ 6.0 years Mean age weeks, and then once every other week for
=536 + 4 weeks (total 24 weeks) in combination
8.4 years with behavioural activation therapy
Sardar et al. 27 M subjects 26 M 45-60 min aerobic exercise (at 60 %-70 %
(2014)/Iran Mean age = subjects maximum heart rate), three times per
44.93 + 5.35 Mean age week for 8 weeks
years = 45.56 +
5.41 years
Vucic Lovrencic 66 (29 M & 37 F) 69 (33 M & 90 min flexibility, stretching, and
et al. (2015)/ Mean age = 58.5 36 F) strengthening group exercises, weekly
Croatia + 4.8 years Mean age session for 6 weeks
=582+
5.6 years
Yucel and Uysal 24 F subjects 21F 45 to 70 min stretching & basic aerobic
(2016)/ Mean age = subjects Pilates training for arms, legs, and body,
Turkey 58.50 + 7.00 Mean age three times per week for 12 weeks
years =53.50 +
9.00 years

difference

BDI; Beck Depression Inventory, CES-D; Center for Epidemiologic Studies Depression Scale, CBT; Cognitive Behavioural Therapy, F; female, GHQ-28; GDS; Geriatric
Depression Scale, General Health Questionnaire-28, HADS; Hospital Anxiety and Depression Scale, HRSD; Hamilton Rating Scale for Depression, M; male, min; minute,

PHQ-9; Patient Health Questionnaire-9, USA; United States of America.

Random sequence generation (selection bias)

Allocation concealment (selection bias)

Blinding of participants and personnel (performance bias)
Blinding of outcome assessment (detection bias)
Incomplete outcome data (attrition bias)

Selective reporting (reporting bias)

Other bias

0% 25%, 50% 75%  100%

Il Lovw risk of bias

[ ] unclear risk of bias

Il Hiah risk of bias

Fig. 2. Risk of bias graph.

From one study, we included 3 groups in which two were interven-
tion groups (Exercise group and Exercise + CBT group) and one was the
control group (De Groot et al., 2019b). To combine sample size, mean
and SD of the two intervention groups, the following formulae were
used;

The pooled results showed that physical activity was effective for
improving depressive symptoms in people with T2DM (SMD = —057, 95
% CI = —0.80, —0.34). Nevertheless, chi-squared test (P < 0.00001) and
12 statistic (74 %) showed that there was substantial heterogeneity in the
included studies (Fig. 3).

Subgroup analysis based on economic status of the country revealed
that effects of physical activity on depressive symptoms was statistically
significant for both high income country studies and LMICs (SMD —0.69
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for high income countries and —0.35 for LMICs). Heterogeneity was low
(1? = 10 %) for studies conducted in LMICs while it was high (1% = 81 %)
for studies conducted in high income countries (Fig. 4).

Physical activity showed a statistically significant effect on depres-
sion in studies which included either male participants only or both male
and female, but not in studies which included female participants only
(Fig. 5).

Physical activity was effective in improving depression symptoms in
studies regardless of whether they included participants with or without
the diagnosis of depression at baseline; however, the effect size was
larger for studies which included participants without diagnosed
depression (SMD —0.64 without diagnosis of depression vs. —0.43 with
diagnosis of depression; Supplementary Fig. 2).

Subgroup analysis based on duration of physical activity showed that
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Group 1 Group 2 Combined groups
Sample size N; Na N; + Ny
Mean M; M, N1M; + NoMy
N1Ny

SD SD; SD, 2 2, NiNa n oo
N; —1)SDr Ny — 1)SD: M M3 — 2M; M.
(N1 ) 1+(2 ) 2+N1+N2( 1+ M 1 2)

N1 +Nx—1

physical activity of both long and short duration was effective, but the
longer duration interventions had larger effect size (SMD —0.68 for
physical activity >10 weeks vs. —0.43 for physical activity <10 weeks;
Supplementary Fig. 4). Similarly, physical activity both alone or in
combination with other interventions had positive effects in improving
depressive symptoms, but studies of physical activity combined with
other interventions demonstrated a larger effect size (SMD —0.71 for
combined interventions vs. —0.51 for physical activity alone; Supple-
mentary Fig. 5). In addition, effect of physical activity was statistically
significant for both studies in which mean age of the participants was
<50 years and in study populations >50 years, but effect size was larger
for studies with younger participants (SMD —0.80 for mean age < 50
years vs. —0.49 for mean age > 50 years; Supplementary Figs. 6). Results
showed both aerobic and resistance exercises had a significant effect on
improving depressive symptoms but studies of mixed types of exercises
did not show a significant effect (Supplementary Fig. 7).

Visual inspection of the funnel plot showed no indication of publi-
cation bias in included studies. (Supplementary Fig. 8).

3.9. 3.8.2 Glycaemic control

Of the 10 studies included in the review which reported information
about glycaemic control, nine were included in the quantitative syn-
thesis. All nine studies reported HbAlc as a marker of glycaemic control.
The results showed that physical activity did not have a significant effect
in improving markers of glycaemic control (SMD = —0.18; 95 % CI =
—0.46, 0.10). (Fig. 6).

Subgroup analysis showed that physical activity was effective,
however, in improving glycaemic control for studies conducted in LMICs
(SMD = —0.60; 95 % CI = —1.24, 0.04) but not for studies conducted in
high income countries (SMD = —0.03; 95 % CI = —0.26, 0.21). (Fig. 7).

Subgroup analysis for glycaemic control based on diagnosis of
depression (inclusion of subjects with or without diagnosis of depres-
sion), duration of physical activity (>10 weeks, <10 weeks), combina-
tion of physical activity with other intervention (physical activity alone,
physical activity combined with other intervention) and type of physical
activity (aerobic exercises, resistance exercises, mixed types of

exercises) showed that physical activity did not have a significant effect
on glycaemic control for any of these subgroups. (Supplementary Figs. 9
to 12).

4. Discussion

Our review showed that physical activity improves depressive
symptoms in adults with T2DM. There are consistent reports in the
literature regarding the antidepressant effects of physical activity in the
general population (Stubbs et al., 2018; Oberste et al., 2020; Kandola
et al., 2019; Biddle et al., 2019), nevertheless, there is limited literature
available regarding the effects of physical activity in managing depres-
sion among adults with co-morbid somatic illnesses, particularly T2DM.
The only previous systematic review which assessed effects of physical
activity in managing depressive symptoms in people with diabetes
included both type 1 and type 2 diabetes, and found 13 studies (Narita
etal., 2019). It also reported that physical activity reduced depression in
diabetes patients. Our review focused only on studies specifically in
people with T2DM but found more studies: 18 for the qualitative syn-
thesis and 17 studies for the quantitative synthesis.

Included studies were conducted in diverse countries. The majority
were from the United States of America (n = 6) followed by Iran (n = 3),
Turkey (n = 3) and Saudi Arabia (n = 2). The subgroup analysis based on
the economic status of the country showed that physical activity was
significantly effective for managing depression in both high-income
countries and LMICs, though effects were larger in high income coun-
tries. We were unable to locate any previous high-quality reviews which
compared physical activity for the management of depression in high
income with LMICs; however, availability of resources may be the key
determinant for physical activity having a larger effect size in high-
income countries. In addition, training of staff, literacy levels of the
participants and socio-economic factors might affect the effectiveness of
physical activity interventions in managing depression in LMICs. How-
ever, we were not able to assess these assumptions, as they were beyond
the scope of our review.

We found physical activity reduced depressive symptoms in both
participants with and without the diagnosis of depression verified at

Experimental Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Abdelbasset et al. 2020 254 55 14 319 7.4 14 43% -0.97 [-1.76,-0.18]
Aylin et al. 2009 12.88 1 18 14.44 75 18 51% -0.21 [-0.86, 0.45) —
de Grootetal. 2019 10.428 83279 55 18.04 1163 28 6.4% -0.79[-1.26,-0.32]
Duruturk & Ozkdslii 2019 995 808 23 11.33 823 21 55% -0.17 [-0.76, 0.43] —
Gilani & Feizabad 2019 456 397 30 76 429 30 6.0% -0.73[1.25,-0.20]
Kempf & Martin 2013 1.3 87 93 161 111 83 7.6% -0.48[-0.78,-0.18] —_—
Lincoln etal. 2011 31 35 29 124 8 29 56% -1.49[-2.07,-080] ¥——
Martinez-Velilla et al. 2021 21 2062 54 43 1.964 49  6.8% -1.08 [-1.50,-0.67] s=—————
Mckay et al. 2001 148 125 35 199 142 33 6.3% -0.37 [-0.85,0.11) ——r
Osama & Shehab 2015 5.21 197 50 841 211 50 6.5% -1.56[2.01,-1.11] ————
Piette et al. 2011 142 103 145 186 107 146  8.0% -0.42[-0.65,-0.19] I
Putiri etal. 2012 26 2.1 5 51 5.2 8 28% -0.54 [-1.68, 0.61)
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Yucel & Uysal etal. 2016 8 2 24 8 1 21 56% 0.00 [-0.59, 0.59] .
Total (95% Cl) 705 657 100.0% -0.57 [-0.80, -0.34] e
Heterogeneity: Tau*= 0.16; Chi*= 61.12, df= 16 (P < 0.00001); F=74% 32 51 o t %

Testfor overall effect: Z= 4.83 (P < 0.00001)

Favours Physical Activity Favours Control Condition

Fig. 3. Comparison of physical activity versus control condition for improving depression.
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Experimental Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.1.1 High income countries
Abdelbasset etal 2020 254 55 14 318 74 14 43% -0.97 [1.76,-0.18]
de Grootetal 2019 10.428 83279 55 18.04 11.63 28 6.4% -0.79[-1.26,-0.32) _—
Kempf & Martin 2013 1.3 87 93 161 1= 83 76% -0.48[-0.78,-0.18] —
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Subtotal (95% CI) 553 511 65.9% -0.69 [-1.00, -0.38] e

Heterogeneity: Tau®=0.20; Chi*=52.39, df=10 (P < 0.00001); F= 81%
Test for overall effect: Z= 4.32 (P = 0.0001)

1.1.2 Low and middle income countries
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Fig. 4. Subgroup analysis for depression based on economic status of the country in which study was conducted.
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Osama & Shehab 2015 521 1.97 50 841 21 50 6.5% -1.56 [-2.01,-1.11] ————
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Fig. 5. Subgroup analysis for depression based on gender.
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Experimental Control Mean Difference Mean Difference
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Fig. 6. Comparison of physical activity versus control condition for improving glycaemic control.

Experimental Control Mean Difference Mean Difference
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Fig. 7. Subgroup analysis for glycaemic control based on economic status of the country in which study was conducted.

baseline. However, its effects were more compelling for studies which
included participants without a prior diagnosis of depression. Although
there is a paucity of literature to explain why and how physical activity
might be more effective in reducing depressive symptoms in subjects
without a clinical diagnosis of depression, it may be that patients with a
diagnosis of depression are less interested in performing physical ac-
tivity and the effectiveness of physical activity may therefore be
compromised (Schuch and Stubbs, 2019; Radovic et al., 2018; Hel-
gadottir et al., 2018). As the majority of the included studies did not
specify severity of depression at baseline, it was not possible to perform
subgroup analysis based on this. However, severity might also affect the
effectiveness of physical activity in managing depression.

The literature suggests that physical activity can have a positive ef-
fect on depression in both men and women (Belvederi Murri et al., 2019;
Wang et al., 2022; Zhang and Yen, 2015). However, in our review, in
studies which included only female participants, physical activity was
not effective (although it was effective in studies including both male
and female participants). This discrepancy may arise due to the low
number of studies (n = 2) with small sample sizes which included only
female subjects. Subgroup analysis based on age revealed that physical
activity was more effective for managing depression in studies with
participants mean age <50 years. This suggests that physical activity
might have more beneficial effects on mental health of relatively
younger individuals.

Recent systematic reviews have reported that physical activity
combined with other interventions, such as psychological therapies,
have more beneficial effects in improving mental health (Thomas et al.,
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2020; De Groot et al., 2019a). Findings of the current review also
showed that studies which combined physical activity with other in-
terventions have comparatively larger effects in reducing depressive
symptoms. Similarly, results showed that studies which applied physical
activity intervention for longer durations are considerably more effec-
tive in managing depression among adults with T2DM. In addition, re-
sults from the current review showed that both aerobic and resistance
exercises were considerably effective in improving depressive symp-
toms, nonetheless studies which used mixed types of exercises were not
significant in managing depression. There are inconsistencies in the
literature regarding the optimal duration and type of physical activity
recommended for managing depression. Nonetheless, some studies
suggested that rather than focusing on duration and type of physical
activity, attention must be focused on motivating patients with depres-
sive symptoms to perform something physical. They assume that it is not
the determinants of physical activity (i.e. type and duration) that
determine the effectiveness of physical activity in treating depression,
rather there are other mechanisms such as breaking the pattern of sus-
tained behaviours via exercise and other psychological and contextual
factors through which physical activity exerts its positive effects in
reducing depressive symptoms (Helgadottir et al., 2016; Nystrom et al.,
2015; Robertson et al., 2012; Schuch et al., 2016; Danielsson et al.,
2013).

We found only a limited number of studies reporting effects of
physical activity on glycaemic control. The findings showed that phys-
ical activity did not have a significant effect in improving HbA1c levels,
though it modestly assists (SMD —0.18) in achieving glycaemic control
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in people with T2DM. It is interesting to note that when we applied a
fixed effect model on HbAlc data, it showed significant results (SMD =
—0.27; 95 % CI = —0.37, 0.16) for improving glycaemic control (Sup-
plementary Fig. 13). However, as per our review protocol, we reported
findings of random effects model in results. Contrary to findings of the
current review, previous studies have reported that physical activity
considerably improves HbAlc in individuals with T2DM (Shah et al.,
2021; Liu et al., 2019; Wake, 2020; Amanat et al., 2020). Our findings
are based on only the handful of studies which have reported effects of
physical activity on both depressive symptoms and glycaemic control
and may therefore not be robust for glycaemic control related outcomes.
Furthermore, in the current review we conducted meta-analysis based
on mean and SD, as the majority of the studies reported mean and SD as
a measure of central tendency and dispersion; baseline differences may
therefore have biased the post-intervention results. For instance, in
Kemp & Martin study, HbAlc baseline scores in the physical activity
group and control group were 7.1 &+ 1.3 % and 6.8 + 0.9 % respectively
while post treatment scores were 6.8 + 1.0 and 6.7 + 0.7 respectively.
There was a reduction in HbAlc in the physical activity group only
(—=0.3 £+ 1.1 %), but not in the control group (—0.1 + 0.5 %); never-
theless, the forest plot for our meta-analysis showed results in favour of
the control group due to baseline differences. The subgroup analysis for
glycaemic control based on economic status of the country showed that
physical activity did have significant effects on achieving glycaemic
control in LMICs, (which is more consistent with the wider literature).
Nonetheless, due to the wide confidence interval and small sample size,
these findings should be interpreted with caution.

To the best of our knowledge, the current review is the first to report
on the effects of physical activity in managing depression specifically in
individuals with T2DM. We published a review protocol and followed
established methods for a high-quality systematic review of effective-
ness studies (Moher et al., 2009; Higgins et al., 2019). We performed a
comprehensive search to locate all relevant RCTs and conducted sub-
group analyses, agreed a priori, to investigate important differences
relevant to guiding practice and policy.

4.1. Limitations

There are some limitations to acknowledge in interpreting the find-
ings of this review, relating to both the studies included in the review
and review methods. First, there was substantial heterogeneity in the
methods and results of included studies. Risk of bias assessments showed
that most studies were of low quality. Second, only a very limited
number of studies reported effects of physical activity on glycaemic
control, making it difficult to draw firm conclusions for this part of our
review. Finally, although we searched a number of different databases
and used broad search terms, it is possible that we missed some studies.

The review has important implications for policy, practice, and
future research. We found physical activity alone or in combination with
other interventions is effective for improving depression symptoms in
individuals with T2DM. Despite this evidence, physical activity is still
underutilized, especially in LMICs. Unlike antidepressants, which are
widely prescribed, clinicians do not regularly assess or prescribe phys-
ical activity in routine care. Thus, the challenge remains to translate
evidence on the health benefits of physical activity to use in practice in
the health care system. There is an urgent need for policies and guidance
to promote the prescription of physical activity for the management of
depression in clinical settings. Future research should focus on imple-
mentation and scale up strategies to promote exercise prescription in the
management of depression in routine clinical care.

5. Conclusion
We found that physical activity can effectively reduce depressive

symptoms in adults with T2DM. Furthermore, physical activity might be
a suitable adjunct to other interventions in managing depression in
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T2DM in both high-income countries and LMICs. Nonetheless, it appears
that physical activity may not be significantly effective in improving
glycaemic control in adults who have both type 2 diabetes mellitus and
depressive symptoms. Our finding that physical activity may not be
effective in achieving glycaemic control in T2DM is surprising. Given the
limited evidence on which this is based, future research on the effec-
tiveness of physical activity for depression in this population should
include high quality trials with glycaemic control as an outcome.
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