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Abstract

Background:  Antidepressant  medication  is  one  of  the  most  prescribed  medications  among

Canadians. This medication class has been previously associated with adverse effects. To date, far

too little attention has been paid to physical activity (PA) and sedentary behaviors (SB) in adults using

antidepressant  medication.  The study  aims to  compare objectively  measured time in  PA and  SB

behaviors in a population-based sample of  adults using antidepressant medication compared to a

group of adults not using any psychotropic medication, and to investigate whether these behaviors

differ according to four antidepressant classes. 

Methods:  We used representative data from the Canadian Health Measures Survey (2007–2013).

Medication  use  was  documented  during  an  in-house  visit.  PA  and  SB  were  measured  by

accelerometer. We included 7680 participants aged 18 to 79 years. A set of weighted analyses of

covariance with adjustments for sex, age, body-mass index, income, education level, season, smoking

and marital  status was conducted to compare mean differences in PA and SB variables between

adults using antidepressants and controls. 

Results:  The cross-sectional  weighted prevalence of  antidepressant  use was 9.3%. Adults  using

antidepressants completed significantly fewer minutes of moderate to vigorous PA and steps daily

compared to adults without psychotropic medication. Daily time spent in light PA and SB were not

significantly different between both groups.  Sensitivity analyses controlling for self-reported mental

and  physical  health  showed  no  significant  difference  except  smaller  time  spent  in  moderate  to

vigorous PA in adults using SSRI antidepressants than control. 

Conclusion:  Due to  host  of  negative  side  effects  associated with  antidepressant  usage  and  the

present findings demonstrating lower levels of MVPA in those taking SSRIs, care providers should

promote physical activity when prescribing this class of antidepressants.
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Introduction

Antidepressant medications represent one of the most prescribed medications in Canada, and

are among the top five prescription medications used in Canadians from 15 to 64 years. Data from

nationally  representative samples show that  antidepressant  use was reported by 8% and 17% of

adults  aged 45 to 64 for  men and women,  respectively  (Rotermann et  al.,  2014).  Moreover,  the

prevalence of antidepressant prescriptions increased between 2006 and 2012 in primary care (from

9.2% to 12.8%). However, the incidence of prescription did not rise during the same period (Morkem et

al.,  2015). These different patterns suggested a more prolonged antidepressant use in Canadians

adults. 

Antidepressant  users  represent  a  heterogeneous  population  including  individuals  with

depressive  or  other  disorders.  Antidepressants  are  an evidence-based  pharmacological  treatment

primarily used for the first-line treatment of major depressive disorder (Kennedy et al., 2016). Different

antidepressant  classes are  prescribed  based on patient  and medication  characteristics.  However,

adults using antidepressants do not represent only patients with a depressive disorder. For instance,

fluoxetine  can  be  prescribed  in  adults  with  obsessive-compulsive  disorder  or  panic  disorder.

Furthermore, recent investigations showed an important prevalence of antidepressant prescriptions for

off-label uses (i.e.,  prescriptions for indications that have not been approved by health authorities;

Carton et al., 2015) in non-psychiatric settings (Deferio et al., 2018; Skånland & Cieślar-Pobuda, 2019;

Wong et al., 2017). Off-label prescriptions represented 15 to 30% of antidepressant prescriptions in

primary  care  in  a  Canadian  study  (Wong  et  al.,  2017).  Tricyclic  antidepressants  were  the  most

prescribed  antidepressant  class  among  antidepressant  off-label  prescriptions.  The  most  common

antidepressant off-label indications were anxiety, insomnia, chronic pain or migraine, eating disorders

and smoking cessation (Deferio et al., 2018; Skånland & Cieślar-Pobuda, 2019; Wong et al., 2016).

Overall, almost half the antidepressant prescriptions were for other disorders than depressive disorder

(Wong et al., 2016).
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Although  antidepressant  medications  are  effective  to  treat  adults  with  major  depressive

disorders,  antidepressant use could be (in)directly associated with lower and higher time spent  in

physical activity (PA) and sedentary behaviors, respectively. In a mice study, SSRI was related to a

motor activity decrease (Marlatt et al., 2010). An increased risk of muscle injuries has been reported in

adults  with  SSRI  treatment  (Labotz  et  al.,  2006). Antidepressant  use  (i.e.,  antidepressants  from

tricyclic, SSRI and atypical categories) is associated with higher risk of cardiometabolic diseases and

weight gain  (Carvalho et al., 2016; Serretti & Mandelli, 2010), longitudinal risk of fractures, and gait

disturbances in the elderly  (Coupland et al., 2018). The weight gain associated with antidepressant

use has been linked to a greater caloric intake and more time spent in sedentary behaviors (Jensen-

Otsu  &  Austin,  2015).  Moreover,  adults  with  severe  mental  illness  were less  active  compared to

healthy adults. Among them, the antidepressant users were more inactive (Vancampfort et al., 2017).

In this perspective, PA and sedentary behaviors could play a buffering effect between antidepressant

use and adverse side effects (Bruins et al., 2014; Schuch et al., 2018).

PA and sedentary behaviors in adults using antidepressants have received little attention to

date (Bernard & Carayol, 2015). Weekly self-reported time spent in PA was prospectively associated

with a lower risk of antidepressant use in middle-aged Finnish adults (Lahti et al., 2013; Loponen et

al.,  2015; Stubbs et al.,  2017; Waller et al.,  2016). However, this association was not observed in

adolescents  (Kleppang et al.,  2019). An increase of self-reported moderate-to-vigorous PA (MVPA)

has been found as a behavioral marker of antidepressant treatment (Yun et al., 2020). 

These  studies  suffered  from  several  limitations.  First,  PA  was  self-reported  although

accelerometer data provide a more accurate quantification of the PA in daily life  (Westerterp, 2009)

and may exclude confounders such as recall bias commonly observed in adults with mood disorders

(Morres et  al.,  2019). Second,  previous findings about  PA and sedentary behaviors in adults with

major  depressive  disorder  (Schuch  et  al.,  2017) cannot  be  generalized  to  antidepressant  users

because 15 to 30% of antidepressant prescriptions may be for off-label indications and up to 45% of

antidepressant prescriptions may be for other disorders than depressive disorder (Wong et al., 2016).
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Third,  no investigation examining PA in antidepressant  users has been conducted in  a  nationally

representative sample. Lastly, no information was available about PA and sedentary behavior patterns

across antidepressant classes. In this perspective, Bernard and Carayol  (2015) recommended the

examination of PA and sedentary behaviors with objective measures in adults using antidepressant

medications.

The aims of  this  study  were:  to  describe PA and sedentary behaviors in  a representative

sample of Canadian adults using antidepressants, to compare objectively assessed daily time spent in

PA and sedentary behaviors in a population-based sample of adults using antidepressant medication

with adults without psychotropic use, and to investigate whether these behaviors differ according to

four antidepressant classes. In the absence of any studies examining these accelerometer-measured

behaviors, no a priori hypotheses were formulated.

Methods

Study setting and participants

This study used data collected by Statistics Canada during cycle 1, 2, and 3 (2007–2013) of

the Canadian Health Measures Survey (CHMS). This national survey included people aged 6 to 79

years  old  and  used  a  stratified  three-stage  sampling  strategy  (Tremblay  &  Gorber,  2007).

Sociodemographic, general health and medication information were collected at participants’ homes

and direct physical measures were collected on a subsequent visit to a mobile examination center. All

participants provided written informed consent. Ethics approval to conduct the survey was obtained

from Health  Canada’s  Research  Ethics  Board  (Day  et  al.,  2007).  The  current  analyses  included

participants aged 18 to 79 years old with complete accelerometry and medication data.  Pregnant

women, participants with functional limitations and adults using any other psychotropic medication but

not  using antidepressants were excluded in  our  analyses.  Controls  did  not  use any psychotropic

medication.

Measures
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Sociodemographic and clinical characteristics

Age,  level  of  education,  household  annual  incomes,  working  status  and  body  mass  index  were

collected during the home interview. Self-reported diagnostic of mood disorders, level of mental health

and subjective health were measured with three single-item questions. Smoking was established by

urinary cotinine level measured during the mobile-examination clinic visit (Wong et al., 2013). 

Antidepressant Medication

During the home visit, an interviewer asked participants to collect every medication container present

in their house, collected all  drug identification numbers from medication containers, then he asked

when was the last  time they used every medication.  Current  medication use was defined as any

medication taken by the respondent during the previous seven days. Up to fifteen medications were

recorded for each respondent. Each drug identification number was recorded according to Anatomical

Therapeutic Chemical classification (ATC; Bosak et al., 2018; Bowring et al., 2017). For our analyses,

psychotropic drugs from the following groups were considered: N05A antipsychotics, N05B anxiolytics,

N05C hypnotics and sedatives, and N06A antidepressants. Four antidepressant medication classes

were  also  coded:  Serotonin-Norepinephrine  Reuptake  Inhibitors  (SNRI;  N06AX16/AA22,

N06AX17/AA24,  N06AX21,  N06AX23),  Selective  Serotonin  Reuptake  Inhibitor  (SSRI;  N06AB),

Tricyclic  (N06AA [except  N06AA22  AND  N06AA24])  and  other  antidepressants  (N06AF,  N06AG,

N06AX01-12 [or N07BA02], 13–15, 18, 19, 22, 24, 25; Laugesen et al., 2013). 

Physical Activity and Sedentary Behaviors

PA  and  sedentary  behaviors  were  objectively  measured  with  Actical  accelerometers  (Phillips-

Respironics). The Actical records time-stamped acceleration in three dimensions, thereby indicating

physical activity intensity. This accelerometer has been validated to measure physical activity in adults

(Heil, 2006). Participants wore the Actical over their right hip on an elasticized belt during their waking

hours for seven consecutive days. To be included in the analysis, participants needed at least four

valid days of data defined as at least 10 hours of wear time (Colley et al., 2011). Time spent daily in PA

at  different  intensity  levels  was categorized with  validated count  per  minute  (cpm)  thresholds  for
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adults: sedentary (<100 cpm), light (100 to 1,534 cpm) and moderate to vigorous intensity (≥1535

cpm; Colley & Tremblay, 2011). The Actical also measured steps per day. Participants with extreme

counts (i.e. >20,000 cpm) were excluded from analyses (Colley et al., 2010). 

Data Analysis

Student t tests and chi squares were performed to compare antidepressant users and controls

on PA and sedentary behavior  variables as well  as sociodemographic,  anthropometric and health

variables. Four weighted analyses of covariance regression models (ANCOVA) incorporating age, sex,

body mass index, accelerometer wear time, data collection season, work and marital status, smoking,

education  level,  and  income were carried  out.  The four  dependent  variables  were:  average  time

performing MVPA and light PA (LPA), average daily steps, and daily time spent in sedentary behaviors.

To account  for  the  complex,  multistage probability  sampling design,  weights  (i.e.,  activity  monitor

subsample weights combining cycles 1, 2, and 3) and bootstraps provided by Statistics Canada were

used in analyses. Since the number of minutes of MVPA was not normally distributed, Poisson models

were carried out  for  this  variable.  All  analyses were performed during 2018 and 2019,  using the

“survey” package in R version 3.4.

Sensitivity Analyses

To  examine  the  possible  effect  of  antidepressants  combined  with  another  psychotropic

medication, a set of sensitivity analyses was performed. The ANCOVAs were carried out including only

adults using another psychotropic with antidepressants, then we reran models including participants

using only an antidepressant medication. Based on reviewer suggestions, a second set of sensitivity

analyses has been carried out. All models have been performed with self-reported levels of mental

and physical health as covariates.

Results

Data  from  7680  participants  were  included  in  analysis.  The  weighted  prevalence  of

antidepressant  medication  use was 9.3% in  adults 18-  to  79-year-olds.  Among these,  1.1% used

PREPRINT – non peer reviewed 



tricyclic antidepressants, 1.7% used other antidepressants, 2.4% used SNRI, and 5.0% used SSRI.

Moreover, 6.6% used only antidepressant medications and 2.9% used antidepressants along with at

least another psychotropic medication. Unadjusted antidepressant users and control characteristics

are provided in Table 1. Descriptive findings for adults reporting tricyclics, other antidepressants, SNRI

or SSRI use; and antidepressant use combined with or without another psychotropic medication are

presented in online supplements in Table S1, S2, and S3, respectively. Description of means, standard

deviation  and medians of  LPA,  MVPA,  steps per  day  and time spent  in  sedentary behaviors are

described in Table 2.

The weighted ANCOVAs revealed that  antidepressant  users spent  significantly less time in

MVPA (d = -0.02,  p  =0.03) and performed a lower daily number of steps (d  = -0.01,  p  = 0.05) in

comparison to adults not using any psychotropic medication. Among antidepressant users, SSRI use

was associated with significant lower time spent in MVPA (d = -0.13, p = 0.01) and daily steps (d = -

0.10, p = 0.05). Adults classified as “other antidepressant users” had significantly lower daily steps (d

= -0.20, p = 0.03) than the control group. No significant differences were found in adults using either

SNRI or  tricyclic  antidepressants.  No significant  differences were observed for  daily  time spent  in

sedentary behaviors, except for adults using “other” antidepressant medications (d = 0.18, p = 0.04).

All details about statistical results are available in online supplements.

The sensitivity  analyses compared adults  not  using any psychotropic  medication  to adults

using antidepressants and no other psychotropic medication, and adults using antidepressants and at

least one other psychotropic medication. Similar findings were found for MVPA (d = -0.10, p = 0.05)

and daily steps (d = -0.10,  p =  0.03) in adults using only antidepressant medication. Otherwise, no

significant  differences  were  found  between  adults  using  antidepressants  and  at  least  one  other

psychotropic medication for PA and sedentary behavior outcomes. In multivariate models adjusted for

self-reported levels of mental and physical health, adults using SSRI had a significant lower daily time

spent in MVPA (d = -0.01, p = 0.01). No other significant differences were found.
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Discussion

This study compared objectively measured physical activity and sedentary behavior in adults

using antidepressants with adults without psychotropic use in a nationally representative sample. To

the best of our knowledge, this is the first study to examine this question with medication assessed

during  a  home  interview  combined  with  accelerometer  data  in  Canadians.  Prevalence  of

antidepressant use in our sample of Canadian adults was in line with previous analyses of nationally

representative  data  in  Canada  (Morkem et  al.,  2015) and the US  (Pratt  et  al.,  2017).  Regarding

sociodemographic characteristics, our antidepressant users group was comparable to the US adults

using  this  medication  (Jensen-Otsu  &  Austin,  2015).  Our  key  findings  were  that  adults  with

antidepressant treatment spent significantly fewer daily minutes in MVPA and performed fewer daily

steps. However, it is very important to note that effect sizes were low. Thus, this difference may not be

clinically significant. The differences were more marked for patients with SSRI or other antidepressant

medications. 

These results differ from Jensen-Otsu’s investigation  (2015) that did not identify a significant

difference between antidepressant users and non-users for leisure PA. However, physical activity was

assessed  with  a  self-reported  questionnaire.  Even  if  no  previous  study  assessed  MVPA  in

antidepressant  users,  our  findings  can  be  compared  to  investigations  including  possible

antidepressant  users  (e.g.,  adults  with  depressive  disorders,  anxiety,  chronic  pain  or  with  sleep

disorders; Wong et al., 2016). Thus, our findings were in accordance with previous studies that found

lower  objectively  measured MVPA among adults  with  depressive  disorders,  chronic  pain  or  other

chronic diseases compared to healthy controls (Bernard et al., 2018; Farnsworth et al., 2015; Schuch

et al., 2017). It has been suggested that antidepressant users reported more time in sedentary screen

time activities (Jensen-Otsu & Austin, 2015). However, our results indicated that objectively measured

time spent in sedentary behaviors was significantly higher only in adults using “other” antidepressant

medications. 

PREPRINT – non peer reviewed 



The fewer daily steps among antidepressant users are clinically relevant. The number of steps

per day is a measure of total  PA and differs from the measures of  PA at defined levels of intensity

(Tudor-Locke et al., 2011a). This outcome has been independently associated with numerous health

outcomes (Newton et al., 2013; Tudor-Locke et al., 2018). Moreover, walking was the preferred PA in

adults  with  depressive  disorder  (Burton et  al.,  2015;  Busch  et  al.,  2016),  other  mental  disorders

(Simonton et al., 2018), older adults and adults with chronic diseases (Wong et al., 2018).

The sensitivity analyses suggest  that  adults  with “only”  an antidepressant  treatment had a

significantly lower levels of  PA. Nevertheless, no significant differences with controls were observed

among adults combining an antidepressant with another psychotropic medication (i.e., antipsychotics,

anxiolytics, hypnotics and sedatives). This suggests that other psychotropic treatments may have an

antagonist effect with antidepressants and “compensate” the possible negative association between

PA and antidepressant use (Bernard & Carayol, 2015). Moreover, in our sensitivity analysis controlling

for self-reported mental and physical health, SSRI users performed significantly less daily minutes of

MVPA than the control group. This is in line with the results from Marlatt et al.  (2010) indicating a

decrease in locomotor activity in mice using SSRI antidepressants. This result might suggest that the

difference is attributed to a specific diagnosis for which the antidepressant was prescribed since this

information were not available for this survey. It might also indicate a side effect from this specific type

of medication. However, at this point causation cannot be inferred since the cross-sectional design of

this study is not appropriate for this purpose and too little is known about the interaction between

SSRIs and physical activity at a physiological level (Bernard & Carayol, 2015). These results and the

fact that the difference appears even when our analysis is controlled for self-reported health reinforce

the importance of the promotion of PA in SSRI users.  It is important to note that in these sensitivity

analyses, all of the other differences observed became non-significant. As reported in supplementary

files (Tables S20-S35) the difference in MVPA and daily steps observed in antidepressant users, and

the difference in daily steps in SSRI and other antidepressant users would be better explained by the

self-reported physical health. Considering the major prevalence of depressive symptoms in adults with
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physical diseases, antidepressant prescriptions are recommended to treat it (Olver & Hopwood, 2013).

Moreover, it has been demonstrated that physical diseases were associated to less daily time spent in

PA (Bernard et al., 2018; Bernard et al., 2018; Hains-Monfette et al., 2019).

This study set out with the aim of comparing physical activity and sedentary behavior outcomes

between users of four classes of antidepressants and controls. Findings suggested that adults using

SSRI or “other” antidepressants had significantly lower PA levels. Antidepressants belonging to the

“other”  category  were  mainly  the  Monoamine  Oxidase  Inhibitor  (MOAI)  class.  These  are

recommended for adults with treatment-resistant major depressive disorder and atypical depression,

but  also adults with bipolar  depression and older  individuals  with major  depressive disorder as a

second or third treatment attempt (Shulman et al., 2013). Consequently, these results may be partly

explained by the fact that adults with MOAI treatment have more severe mental disorder symptoms

and also higher risk of morbidity (Nelson & Spyker, 2017). Therefore, care providers may strengthen

PA assessment and promotion in patients with SSRI and MOAI.

This is the first time that data from representative national samples of adults has been used to

examine objectively measured PA and sedentary behaviors in antidepressant users. Thus, our findings

are generalizable to the Canadian population.  Additionally,  the ATC information collected during a

home interview decrease the risk of misclassification reported in previous studies using administrative

data. Some limitations need to be considered when interpreting our results. First, the cross-sectional

design  precludes  causal  inferences.  Therefore,  it  is  impossible  to  establish  a  causality  relation

between PA and sedentary behaviors, and antidepressant use. Second, detailed information about

mental disorder diagnostics was not available in CHMS data. Thus, our statistical models were not

adjusted  for  these  important  variables.  Third,  the  CHMS dataset  contained  no  information  about

antidepressants dose, treatment duration or adherence (Bulloch & Patten, 2010). These parameters

may  affect  PA and  sedentary  behaviors  in  CHMS  participants.  Fourth,  our  analyses  were  not

controlled  for  non-psychotropic  medication.  Since  use  of  prescribed  medication  (e.g.,  diuretics,

anticoagulants, lipid-regulating agents) is linked to less PA (Fernandez-Navarro et al., 2018; Silva et
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al., 2012; Stamatakis et al., 2009) and antidepressant users are more at risk to use other medications

(Sundbom  &  Hedborg,  2019),  there  might  have  been  interactions  between  non-psychotropic

medication and PA.  Fifth,  the time spent  in sedentary behaviors or  LPA could be underestimated

because the accelerometer data were not collected with a 24h wear protocol (Matthews et al., 2012;

Tudor-Locke et al., 2011b). Sixth, due to the large number of statistical analyses, the risk of type 1 is

inflated.  Finally, the Actical accelerometer might not be the best instrument to distinguish sedentary

behaviors from LPA compared to other more recent devices (Duncan et al., 2018). 

In conclusion, adults using SSRI have lower levels of MVPA than adults that do not use any

psychotropics.  First  line care providers should  systematically  assess PA and sedentary behaviors

(Romain et al., 2018), and particularly brisk walking behaviors, with their patients when they receive

an antidepressant prescription and help them make a plan to achieve an adequate number of steps

and MVPA time daily. To help them achieve this goal, they may use guides such as The Exercise and

Depression Toolkit (Exercise and Depression Toolkit - UBC, 2019; Glowacki et al., 2019), effective

behavior change techniques  (Bernard et al., 2015), or include kinesiologists in their interdisciplinary

teams to specifically assess and suggest physical activity to patients  (Busch et al.,  2016). Future

prospective cohort studies should monitor the device-measured PA and sedentary patterns in naive

SSRI  users  before  and  after  treatment  begins.  The  assessment  of  these  behaviors  should  be

performed with more specific devices, such as the Genactive and activPAL accelerometers   (Sellers

et al., 2016). 

PREPRINT – non peer reviewed 



References
Bernard, P., & Carayol, M. (2015). A commentary

on  the  importance  of  controlling  for
medication use within trials on the effects
of  exercise  on  depression  and  anxiety.
Mental  Health  and  Physical  Activity,  9,
10–15.
https://doi.org/10.1016/j.mhpa.2015.07.00
1

Bernard,  P.,  Hains-Monfette,  G.,  Atoui,  S.,  &
Moullec,  G.  (2018).  Daily  Objective
Physical  Activity  and  Sedentary  Time  in
Adults with COPD Using Spirometry Data
from Canadian Measures Health Survey.
Canadian  Respiratory  Journal,  2018.
https://doi.org/10.1155/2018/9107435

Bernard, Paquito, Hains-Monfette, G., Atoui, S., &
Kingsbury, C. (2018). Differences in daily
objective  physical  activity  and  sedentary
time  between  women  with  self-reported
fibromyalgia  and  controls:  Results  from
the  Canadian  health  measures  survey.
Clinical Rheumatology, 37(8), 2285–2290.
https://doi.org/10.1007/s10067-018-4139-
6

Bernard, Paquito, Ninot, G., Cyprien, F., Courtet,
P.,  Guillaume,  S.,  Georgescu,  V.,  Picot,
M.-C.,  Taylor,  A.,  &  Quantin,  X.  (2015).
Exercise  and  Counseling  for  Smoking
Cessation  in  Smokers  With  Depressive
Symptoms:  A  Randomized  Controlled
Pilot  Trial.  Journal  of  Dual  Diagnosis,
11(3–4),  205–216.
https://doi.org/10.1080/15504263.2015.11
13842

Bosak, M., Cyranka, K., Dudek, D., Kowalik, M.,
Mołek, P., & Słowik, A. (2018). Psychiatric
comedication  in  patients  with  epilepsy.
Epilepsy  &  Behavior,  83,  207–211.
https://doi.org/10.1016/j.yebeh.2018.03.03
3

Bowring,  D.  L.,  Totsika,  V.,  Hastings,  R.  P.,
Toogood,  S.,  &  McMahon,  M.  (2017).
Prevalence  of  psychotropic  medication
use  and  association  with  challenging
behaviour  in  adults  with  an  intellectual
disability. A total population study. Journal
of  Intellectual  Disability  Research,  61(6),
604–617. https://doi.org/10.1111/jir.12359

Bruins,  J.,  Jörg,  F.,  Bruggeman,  R.,  Slooff,  C.,
Corpeleijn,  E.,  &  Pijnenborg,  M.  (2014).
The  Effects  of  Lifestyle  Interventions  on
(Long-Term)  Weight  Management,
Cardiometabolic  Risk  and  Depressive
Symptoms  in  People  with  Psychotic
Disorders:  A Meta-Analysis.  PLoS ONE,
9(12),  e112276.
https://doi.org/10.1371/journal.pone.01122
76

Bulloch, A. G. M., & Patten, S. B. (2010). Non-
adherence with psychotropic medications
in  the  general  population.  Social
Psychiatry and Psychiatric Epidemiology,
45(1),  47–56.
https://doi.org/10.1007/s00127-009-0041-
5

Burton,  E.,  Lewin,  G.,  &  Boldy,  D.  (2015).
Physical  activity  preferences  of  older
home care clients. International Journal of
Older  People  Nursing,  10(3),  170–178.
https://doi.org/10.1111/opn.12065

Busch,  A.  M.,  Ciccolo,  J.  T.,  Puspitasari,  A.  J.,
Nosrat,  S.,  Whitworth,  J.  W.,  &  Stults-
Kolehmainen,  M.  A.  (2016).  Preferences
for exercise as a treatment for depression.
Mental  Health  and  Physical  Activity,  10,
68–72.
https://doi.org/10.1016/j.mhpa.2015.12.00
4

Carton, L., Cottencin, O., Lapeyre-Mestre, M., A.
Geoffroy, P., Favre, J., Simon, N., Bordet,
R.,  &  Rolland,  B.  (2015).  Off-Label
Prescribing  of  Antipsychotics  in  Adults,
Children  and  Elderly  Individuals:  A
Systematic Review of Recent Prescription
Trends.  Current  Pharmaceutical  Design,
21(23), 3280–3297.

Carvalho,  A.  F.,  Sharma, M. S.,  Brunoni,  A.  R.,
Vieta,  E.,  &  Fava,  G.  A.  (2016).  The
Safety,  Tolerability  and Risks  Associated
with  the  Use  of  Newer  Generation
Antidepressant Drugs: A Critical Review of
the  Literature.  Psychotherapy  and
Psychosomatics,  85(5),  270–288.
https://doi.org/10.1159/000447034

Colley, R. C., Garriguet, D., Janssen, I., Craig, C.
L.,  Clarke,  J.,  & Tremblay, M. S.  (2011).
Physical  activity  of  Canadian  adults:
Accelerometer  results  from  the  2007  to

PREPRINT – non peer reviewed 



2009 Canadian Health Measures Survey.
Health Reports, 22(1), 7–14.

Colley, R., Connor Gorber, S., & Tremblay, M. S.
(2010). Quality control and data reduction
procedures  for  accelerometry-derived
measures  of  physical  activity.  Health
Reports, 21(1), 63–69.

Colley,  Rachel  C.,  &  Tremblay,  M.  S.  (2011).
Moderate  and  vigorous  physical  activity
intensity  cut-points  for  the  Actical
accelerometer.  Journal  of  Sports
Sciences,  29(8),  783–789.
https://doi.org/10.1080/02640414.2011.55
7744

Coupland,  C.,  Hill,  T.,  Morriss,  R.,  Moore,  M.,
Arthur,  A.,  &  Hippisley-Cox,  J.  (2018).
Antidepressant  use  and  risk  of  adverse
outcomes  in  people  aged  20–64  years:
Cohort  study  using  a  primary  care
database.  BMC  Medicine,  16(1),  36.
https://doi.org/10.1186/s12916-018-1022-
x

Day, B., Langlois, R., Tremblay, M., & Knoppers,
B.-M. (2007). Canadian Health Measures
Survey:  Ethical,  legal  and  social  issues.
Health Reports, 18 Suppl, 37–51.

Deferio, J. J., Levin, T. T., Cukor, J., Banerjee, S.,
Abdulrahman, R., Sheth, A., Mehta, N., &
Pathak, J. (2018). Using electronic health
records  to  characterize  prescription
patterns:  Focus  on  antidepressants  in
nonpsychiatric outpatient settings.  JAMIA
Open,  1(2),  233–245.
https://doi.org/10.1093/jamiaopen/ooy037

Duncan,  S.,  Stewart,  T.,  Schneller,  M.  B.,
Godbole, S.,  Cain, K., & Kerr, J.  (2018).
Convergent  validity  of  ActiGraph  and
Actical  accelerometers  for  estimating
physical  activity  in  adults.  PLOS  ONE,
13(6),  e0198587.
https://doi.org/10.1371/journal.pone.0198
587

Exercise  and Depression Toolkit—UBC.  (2019).
https://exerciseanddepression.ca/

Farnsworth,  J.  L.,  Kim,  Y.,  &  Kang,  M.  (2015).
Sleep  Disorders,  Physical  Activity,  and
Sedentary  Behavior  Among  U.S.  Adults:
National Health and Nutrition Examination
Survey.  Journal  of  Physical  Activity  and
Health,  12(12),  1567–1575.
https://doi.org/10.1123/jpah.2014-0251

Fernandez-Navarro, P., Aragones, M. T., & Ley, V.
(2018).  Leisure-time physical activity and
prevalence  of  non-communicable
pathologies and prescription medication in
Spain.  PLoS  ONE,  13(1).
https://doi.org/10.1371/journal.pone.0191
542

Glowacki,  K.,  Arbour-Nicitopoulos,  K.,  Burrows,
M., Chesick, L., Heinemann, L., Irving, S.,
Lam,  R.  W.,  Macridis,  S.,  Michalak,  E.,
Scott, A., Taylor, A., & Faulkner, G. (2019).
It’s more than just a referral: Development
of  an  evidence-informed  exercise  and
depression  toolkit.  Mental  Health  and
Physical  Activity,  17,  100297.
https://doi.org/10.1016/j.mhpa.2019.1002
97

Hains-Monfette,  G.,  Atoui,  S.,  Needham
Dancause,  K.,  &  Bernard,  P.  (2019).
Device-Assessed  Physical  Activity  and
Sedentary  Behaviors  in  Canadians  with
Chronic  Disease(s):  Findings  from  the
Canadian  Health  Measures  Survey.
Sports,  7(5),  113.
https://doi.org/10.3390/sports7050113

Heil,  D.  P.  (2006).  Predicting  Activity  Energy
Expenditure  Using  the  Actical®  Activity
Monitor.  Research Quarterly for Exercise
and  Sport,  77(1),  64–80.
https://doi.org/10.1080/02701367.2006.10
599333

Jensen-Otsu,  E.,  &  Austin,  G.  (2015).
Antidepressant  Use  is  Associated  with
Increased  Energy  Intake  and  Similar
Levels  of  Physical  Activity.  Nutrients,
7(11),  9662–9671.
https://doi.org/10.3390/nu7115489

Kennedy,  S.  H.,  Lam,  R.  W.,  McIntyre,  R.  S.,
Tourjman,  S.  V.,  Bhat,  V.,  Blier,  P.,
Hasnain,  M.,  Jollant,  F.,  Levitt,  A.  J.,
MacQueen,  G.  M.,  McInerney,  S.  J.,
McIntosh,  D.,  Milev,  R.  V.,  Müller,  D.  J.,
Parikh, S. V., Pearson, N. L., Ravindran,
A.  V.,  &  Uher,  R.  (2016).  Canadian
Network for Mood and Anxiety Treatments
(CANMAT)  2016  Clinical  Guidelines  for
the  Management  of  Adults  with  Major
Depressive  Disorder:  Section  3.
Pharmacological  Treatments.  The
Canadian  Journal  of  Psychiatry,  61(9),
540–560.

PREPRINT – non peer reviewed 



https://doi.org/10.1177/070674371665941
7

Kleppang,  A.  L.,  Hartz,  I.,  Thurston,  M.,  &
Hagquist, C. (2019). Leisure-time physical
activity  among  adolescents  and
subsequent  use  of  antidepressant  and
hypnotic  drugs:  A  prospective  register
linkage  study.  European  Child  &
Adolescent  Psychiatry,  28(2),  177–188.
https://doi.org/10.1007/s00787-018-1160-
x

Labotz, M., Wolff, T. K., Nakasone, K. T., Kimura,
I.  F.,  Hetzler,  R.  K.,  &  Nichols,  A.  W.
(2006).  Selective  Serotonin  Reuptake
Inhibitors  and  Rhabdomyolysis  after
Eccentric Exercise. Medicine & Science in
Sports  &  Exercise,  38(9),  1539–1542.
https://doi.org/10.1249/01.mss.000022764
3.06478.c6

Lahti, J., Lallukka, T., Lahelma, E., & Rahkonen,
O.  (2013).  Leisure-time  physical  activity
and  psychotropic  medication:  A
prospective  cohort  study.  Preventive
Medicine,  57(3),  173–177.
https://doi.org/10.1016/j.ypmed.2013.05.0
19

Laugesen, K., Olsen, M. S., Andersen, A. B. T.,
Frøslev, T., & Sørensen, H. T. (2013). In
utero  exposure  to  antidepressant  drugs
and  risk  of  attention  deficit  hyperactivity
disorder:  A  nationwide  Danish  cohort
study.  BMJ  Open,  3(9),  e003507.
https://doi.org/10.1136/bmjopen-2013-
003507

Loponen, T., Lallukka, T., Holstila, A., & Lahti, J.
(2015).  Joint  association  of  physical
activity  and  overweight  with  subsequent
psychotropic medication: A register-linked
follow-up study among employees.  BMC
Public  Health,  15(1),  1–7.
https://doi.org/10.1186/s12889-015-2346-
5

Marlatt, M. W., Lucassen, P. J., & van Praag, H.
(2010). Comparison of neurogenic effects
of  fluoxetine,  duloxetine  and  running  in
mice.  Brain  Research,  1341,  93–99.
https://doi.org/10.1016/j.brainres.2010.03.
086

Matthews, C. E., Hagströmer, M., Pober, D. M., &
Bowles, H. R. (2012). BEST PRACTICES
FOR  USING  PHYSICAL  ACTIVITY

MONITORS  IN  POPULATION-BASED
RESEARCH.  Medicine  and  Science  in
Sports and Exercise, 44(1 Suppl 1), S68–
S76.
https://doi.org/10.1249/MSS.0b013e3182
399e5b

Morkem, R., Barber, D., Williamson, T., & Patten,
S.  B.  (2015).  A Canadian  Primary  Care
Sentinel  Surveillance  Network  Study
Evaluating  Antidepressant  Prescribing  in
Canada from 2006 to 2012. The Canadian
Journal  of  Psychiatry,  60(12),  564–570.
https://doi.org/10.1177/070674371506001
207

Morres, I. D., Hatzigeorgiadis, A., Krommidas, C.,
Comoutos, N., Sideri, E., Ploumpidis, D.,
Economou,  M.,  Papaioannou,  A.,  &
Theodorakis,  Y.  (2019).  Objectively
measured physical activity and depressive
symptoms in adult outpatients diagnosed
with  major  depression.  Clinical
perspectives.  Psychiatry  Research,  280,
112489.
https://doi.org/10.1016/j.psychres.2019.11
2489

Nelson, J. C., & Spyker, D. A. (2017). Morbidity
and Mortality Associated With Medications
Used in the Treatment of Depression: An
Analysis  of  Cases  Reported  to  U.S.
Poison  Control  Centers,  2000–2014.
American  Journal  of  Psychiatry,  174(5),
438–450.
https://doi.org/10.1176/appi.ajp.2016.1605
0523

Newton, R. L., Han, H., Johnson, W. D., Hickson,
D. A., Church, T. S., Taylor, H. A., Tudor-
Locke,  C.,  &  Dubbert,  P.  M.  (2013).
Steps/day  and  metabolic  syndrome  in
African  American  adults:  The  Jackson
Heart  Study.  Preventive Medicine,  57(6),
855–859.
https://doi.org/10.1016/j.ypmed.2013.09.0
18

Olver,  J.  S.,  &  Hopwood,  M.  J.  (2013).
Depression and physical illness.  Medical
Journal  of  Australia,  199(S6),  S9–S12.
https://doi.org/10.5694/mja12.10597

Pratt,  L.  A.,  Brody,  D.  J.,  &  Gu,  Q.  (2017).
Antidepressant Use Among Persons Aged
12  and  Over:United  States,2011-2014.
NCHS Data Brief, 283, 1–8.

PREPRINT – non peer reviewed 



Romain,  A.  J.,  Bernard,  P.,  Stubbs,  B.,  &
Rosenbaum,  S.  (2018).  Behavioral  and
Psychological  Approaches  in  Exercise-
Based  Interventions  in  Severe  Mental
Illness.  In  Exercise-Based  Interventions
for Mental Illness: Physical Activity as Part
of  Clinical  Treatment (pp.  189–217).
Academic Press, Elsevier.

Rotermann, M., Sanmartin, C.,  Hennessy, D.,  &
Arthur, M. (2014). Prescription medication
use by Canadians aged 6 to 79.  Health
Reports, 25(6), 3–9.

Schuch,  F.  B.,  Vancampfort,  D.,  Firth,  J.,
Rosenbaum, S., Ward, P. B., Silva, E. S.,
Hallgren, M., Ponce De Leon, A., Dunn, A.
L.,  Deslandes,  A.  C.,  Fleck,  M.  P.,
Carvalho,  A.  F.,  &  Stubbs,  B.  (2018).
Physical Activity and Incident Depression:
A  Meta-Analysis  of  Prospective  Cohort
Studies.  American Journal of  Psychiatry,
175(7),  631–648.
https://doi.org/10.1176/appi.ajp.2018.1711
1194

Schuch,  F.,  Vancampfort,  D.,  Firth,  J.,
Rosenbaum,  S.,  Ward,  P.,  Reichert,  T.,
Bagatini, N. C., Bgeginski, R., & Stubbs,
B. (2017). Physical activity and sedentary
behavior in people with major depressive
disorder:  A systematic  review and meta-
analysis.  Journal  of  Affective  Disorders,
210,  139–150.
https://doi.org/10.1016/j.jad.2016.10.050

Sellers,  C.,  Dall,  P.,  Grant,  M.,  & Stansfield,  B.
(2016).  Validity  and  reliability  of  the
activPAL3  for  measuring  posture  and
stepping in adults and young people. Gait
&  Posture,  43,  42–47.
https://doi.org/10.1016/j.gaitpost.2015.10.
020

Serretti,  A.,  &  Mandelli,  L.  (2010).
Antidepressants  and  Body  Weight:  A
Comprehensive  Review  and  Meta-
Analysis.  The  Journal  of  Clinical
Psychiatry,  71(10),  1259–1272.
https://doi.org/10.4088/JCP.09r05346blu

Shulman,  K.  I.,  Herrmann,  N.,  &  Walker,  S.  E.
(2013).  Current  Place  of  Monoamine
Oxidase  Inhibitors  in  the  Treatment  of
Depression.  CNS  Drugs,  27(10),  789–
797.  https://doi.org/10.1007/s40263-013-
0097-3

Silva, L. J.  da, Azevedo, M. R., Matsudo, S., &
Lopes, G. S. (2012). Association between
levels  of  physical  activity  and  use  of
medication  among  older  women.
Cadernos de Saúde Pública,  28(3), 463–
471.  https://doi.org/10.1590/S0102-
311X2012000300006

Simonton,  A.  J.,  Young,  C.  C.,  & Brown,  R.  A.
(2018). Physical Activity Preferences and
Attitudes  of  Individuals  With  Substance
Use Disorders: A Review of the Literature.
Issues  in  Mental  Health  Nursing,  39(8),
657–666.
https://doi.org/10.1080/01612840.2018.14
29510

Skånland,  S.  S.,  &  Cieślar-Pobuda,  A.  (2019).
Off-label  uses  of  drugs  for  depression.
European Journal of Pharmacology,  865,
172732.
https://doi.org/10.1016/j.ejphar.2019.1727
32

Stamatakis,  E.,  Hamer,  M.,  &  Primatesta,  P.
(2009).  Cardiovascular  medication,
physical  activity  and  mortality:  Cross-
sectional  population  study  with  ongoing
mortality follow-up. Heart, 95(6), 448–453.
https://doi.org/10.1136/hrt.2008.152041

Stubbs,  B.,  Vancampfort,  D.,  Mänty,  M.,  Svärd,
A.,  Rahkonen,  O.,  &  Lahti,  J.  (2017).
Bidirectional  longitudinal  relationship
between leisure-time physical activity and
psychotropic medication usage: A register
linked  follow-up  study.  Psychiatry
Research,  247,  208–213.
https://doi.org/10.1016/j.psychres.2016.11
.033

Sundbom,  L.  T.,  &  Hedborg,  K.  (2019).
Association  between  prescribed
antidepressants  and  other  prescribed
drugs  differ  by  gender:  A  nationwide
register-based  study  in  Sweden.  Nordic
Journal  of  Psychiatry,  73(1),  73–79.
https://doi.org/10.1080/08039488.2018.15
36766

Tremblay,  M.  S.,  &  Gorber,  S.  C.  (2007).
Canadian Health Measures Survey: Brief
Overview.  Canadian  Journal  of  Public
Health  /  Revue  Canadienne  de  Sante’e
Publique, 98(6), 453–456.

Tudor-Locke, C., Han, H., Aguiar, E. J., Barreira,
T. V., Schuna Jr, J. M., Kang, M., & Rowe,

PREPRINT – non peer reviewed 



D.  A.  (2018).  How fast  is  fast  enough?
Walking  cadence  (steps/min)  as  a
practical estimate of intensity in adults: a
narrative review.  British Journal of Sports
Medicine,  52(12),  776–788.
https://doi.org/10.1136/bjsports-2017-
097628

Tudor-Locke, C., Johnson, W. D., & Katzmarzyk,
P.  T.  (2011a).  Relationship  Between
Accelerometer-Determined  Steps/Day
and Other Accelerometer Outputs in U.S.
Adults.  Journal  of  Physical  Activity  and
Health,  8(3),  410–419.
https://doi.org/10.1123/jpah.8.3.410

Tudor-Locke, C., Johnson, W. D., & Katzmarzyk,
P.  T.  (2011b).  U.S.  Population  Profile  of
Time-Stamped  Accelerometer  Outputs:
Impact of Wear Time. Journal of Physical
Activity  and  Health,  8(5),  693–698.
https://doi.org/10.1123/jpah.8.5.693

Vancampfort,  D.,  Firth,  J.,  Schuch,  F.  B.,
Rosenbaum,  S.,  Mugisha,  J.,  Hallgren,
M., Probst, M., Ward, P. B., Gaughran, F.,
De Hert, M., Carvalho, A. F., & Stubbs, B.
(2017).  Sedentary behavior  and physical
activity  levels  in  people  with
schizophrenia, bipolar disorder and major
depressive  disorder:  A global  systematic
review  and  meta‐analysis.  World
Psychiatry,  16(3),  308–315.
https://doi.org/10.1002/wps.20458

Waller,  K.,  Kaprio,  J.,  Korhonen,  T.,  Tuulio-
Henriksson,  A.,  &  Kujala,  U.  M.  (2016).
Persistent leisure-time physical activity in
adulthood and use of antidepressants: A
follow-up  study among twins.  Journal  of
Affective  Disorders,  200,  172–177.
https://doi.org/10.1016/j.jad.2016.04.036

Westerterp, K. R. (2009). Assessment of physical
activity:  A  critical  appraisal.  European
Journal  of  Applied  Physiology,  105(6),

823–828.  https://doi.org/10.1007/s00421-
009-1000-2

Wong,  J.,  Motulsky,  A.,  Abrahamowicz,  M.,
Eguale, T., Buckeridge, D. L., & Tamblyn,
R.  (2017).  Off-label  indications  for
antidepressants  in  primary  care:
Descriptive study of prescriptions from an
indication  based  electronic  prescribing
system.  BMJ,  356.
https://doi.org/10.1136/bmj.j603

Wong, J., Motulsky, A., Eguale, T., Buckeridge, D.
L.,  Abrahamowicz,  M.,  &  Tamblyn,  R.
(2016).  Treatment  Indications  for
Antidepressants  Prescribed  in  Primary
Care  in  Quebec,  Canada,  2006-2015.
JAMA,  315(20),  2230.
https://doi.org/10.1001/jama.2016.3445

Wong,  J.  N.,  McAuley,  E.,  &  Trinh,  L.  (2018).
Physical  activity  programming  and
counseling  preferences  among  cancer
survivors:  A  systematic  review.
International  Journal  of  Behavioral
Nutrition and Physical Activity,  15(1), 48.
https://doi.org/10.1186/s12966-018-0680-
6

Wong,  S.  L.,  Malaison,  E.,  Hammond,  D.,  &
Leatherdale,  S.  T.  (2013).  Secondhand
Smoke  Exposure  Among  Canadians:
Cotinine and Self-Report Measures From
the  Canadian  Health  Measures  Survey
2007–2009.  Nicotine  &  Tobacco
Research,  15(3),  693–700.
https://doi.org/10.1093/ntr/nts195

Yun, L., Fagan, M., Subramaniapillai, M., Lee, Y.,
Park, C., Mansur, R. B., McIntyre, R. S., &
Faulkner,  G.  E.  J.  (2020).  Are  early
increases in physical activity a behavioral
marker  for  successful  antidepressant
treatment? Journal of Affective Disorders,
260,  287–291.
https://doi.org/10.1016/j.jad.2019.09.002

PREPRINT – non peer reviewed 


