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ОБҐРУНТУВАННЯ. Під час пандемії COVID-19 у всьому світі істотно зросла кількість дорослих із клінічно значущими 
симптомами депресії. Відповідно до наявних літературних даних, фізичні навантаження можуть виражено зменшувати 
симптоми депресії у популяціях осіб із встановленим клінічним діагнозом депресії та без нього. 

BACKGROUND. The number of adults across the globe with significant depressive symptoms has grown substantially 
during the COVID-19 pandemic. The extant literature supports exercise as a potent behaviour that can significantly reduce 
depressive symptoms in clinical and non-clinical populations.
OBJECTIVE. Using a suite of mobile applications, at-home exercise, including high intensity interval training (HIIT) 
and/or yoga, was completed to reduce depressive symptoms in the general population in the early months of the pandemic.
MATERIALS AND METHODS. A 6-week, parallel, multiarm, pragmatic randomised controlled trial was completed with 
four groups: (1) HIIT, (2) yoga, (3) HIIT + yoga, and (4) waitlist control (WLC). Low active, English- speaking, non-retired 
Canadians aged 18-64 years were included. Depressive symptoms were measured at baseline and weekly following 
randomisation.
RESULTS AND DISCUSSION. A total of 334 participants were randomised to one of four groups. No differences 
in depressive symptoms were evident at baseline. The results of latent growth modelling showed significant treatment 
effects in depressive symptoms for each active group compared with the WLC, with small effect sizes (ES) in the community- 
based sample of participants. Treatment groups were not significantly different from each other. ES were very large 
(eg, week 6 ES range = -2.34 to -2.52) when restricting the analysis only to participants with high depressive symptoms 
at baseline.
CONCLUSIONS. At-home exercise is a potent behaviour to improve mental health in adults during the pandemic, especially 
in those with increased levels of depressive symptoms. Promotion of at-home exercise may be a global public health target 
with important personal, social and economic implications as the world emerges scathed by the pandemic.
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МЕТА. Проведення фізичних навантажень (у тому числі високоінтенсивних інтервальних тренувань (ВІІТ) та занять 
з йоги) за допомогою низки мобільних застосунків з метою зменшення симптомів депресії в загальній популяції 
у перші місяці пандемії.
МАТЕРІАЛИ ТА МЕТОДИ. Було проведено 6-тижневе практичне паралельне рандомізоване контрольоване дослі-
дження з кількома групами учасників: 1) ВІІТ, 2) йога, 3) ВІІТ + йога, 4) контрольна група. У дослідження були включені 
англомовні канадці віком 18-64 роки з низьким рівнем фізичної активності, що не вийшли на пенсію. Визначення 
симптомів депресії проводилося на початку дослідження та раз на тиждень після рандомізації.     
РЕЗУЛЬТАТИ ТА ЇХ ОБГОВОРЕННЯ. Загалом 334 учасників було рандомізовано в одну із цих чотирьох груп. 
При початковому обстеженні відмінностей між групами у симптомах депресії виявлено не було. Аналіз за методом 
моделювання латентного росту виявив достовірний вплив лікування на симптоми депресії у кожній активній групі 
порівняно із групою контролю. Величина ефекту в групі учасників, вибраних із загальної громади, була невеликою. 
Результати у різних групах лікування достовірно не відрізнялися. Величини ефекту були дуже великими (наприклад, 
на 6-му тижні діапазон становив від -2,34 до -2,52) за умови включення в аналіз лише учасників з високим вихідним 
ступенем симптомів депресії.
ВИСНОВКИ. Фізичні навантаження в домашніх умовах є потужним засобом для покращення психічного здоров’я 
дорослих в умовах пандемії, особливо в осіб із високим ступенем симптомів депресії. Пропагування фізичних на-
вантажень у домашніх умовах може виступати метою всесвітньої системи охорони та сприяти важливим особистим, 
соціальним і економічним наслідкам в умовах світу, охопленого пандемією.

Статья опубликована в журнале British Journal of Sports Medicine. 27 сентября 2021 г. dx.doi.org/10.1136/bjsports-2021-104379
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ОБОСНОВАНИЕ. Во время пандемии COVID-19 во всем мире существенно возросло количество взрослых с клинически 
значимыми симптомами депрессии. Согласно имеющимся литературным данным, физические нагрузки способны выраженно 
уменьшать симптомы депрессии в популяциях лиц с установленным клиническим диагнозом депрессии и без него. 
ЦЕЛЬ. Проведение физических нагрузок (в том числе высокоинтенсивных интервальных тренировок (ВИИТ) и заня-
тий по йоге) с помощью ряда мобильных приложений с целью уменьшения симптомов депрессии в общей популяции 
в первые месяцы пандемии.
МАТЕРИАЛЫ И МЕТОДЫ. Было проведено 6-недельное практическое параллельное рандомизированное контролиро-
ванное исследование с несколькими группами участников: 1) ВИИТ, 2) йога, 3) ВИИТ + йога, 4) контрольная группа. В ис-
следование были включены работающие англоязычные канадцы в возрасте от 18 до 64 лет с низким уровнем физической 
активности. Оценка симптомов депрессии проводилась в начале исследования и раз в неделю после рандомизации.
РЕЗУЛЬТАТЫ И ИХ ОБСУЖДЕНИЕ. В общей сложности в одну из четырех групп были рандомизованы 334 участника. 
При первичном обследовании межгрупповых отличий симптомов депрессии выявлено не было. Анализ с помощью ме-
тода моделирования латентного роста выявил достоверное влияние лечения на симптомы депрессии в каждой активной 
группе по сравнению с группой контроля. Величина эффекта в группе участников, набранных из общей популяции, была 
небольшой. Результаты в разных группах лечения достоверно не отличались. Величины эффекта были очень большими 
(например, на 6-й неделе диапазон составлял от -2,34 до -2,52) при включении в анализ только участников с высокой 
исходной степенью симптомов депрессии.
ВЫВОДЫ. Физические нагрузки в домашних условиях являются мощным средством для улучшения психического здо-
ровья взрослых в условиях пандемии, особенно у лиц с высокой степенью симптомов депрессии. Пропаганда физических 
нагрузок в домашних условиях может выступать целью всемирной системы здравоохранения и вызвать важные личные, 
социальные и экономические последствия в условиях мира, охваченного пандемией.



INFUSION & CHEMOTHERAPY 1-2022  |  49

ЗАРУБІЖНИЙ ДОСВІД

Introduction
Early in the COVID-19 pandemic, fears of infection, eco-

nomic hardship and global stay-at-home mandates were 
widely predicted to worsen mental health (ie, the disruption 
of psychological well-being), including depression, anxiety 
and general distress [1-3]. The prediction has been borne out, 
with global rates of depression and anxiety reaching 28 % and 
26 % during the pandemic, respectively [4]. Few studies have 
investigated whether global rates of mental health concerns 
actually changed from pre- COVID-19 to the pandemic pe-
riod. In a national poll completed 1 month into the pandemic, 
10 % and 23 % of Canadians reported that they had high 
or some levels of depression, respectively, an increase from 
4 % and 15 % reported prior to the pandemic [5]. Twofold 
to threefold increases were also reported in the USA [6] and 
the UK [7] in the early months of the pandemic compared with 
before the pandemic.

Researchers and healthcare professionals promoted a wide 
range of approaches to maintain the mental health of all 
individuals during this pandemic, from actions individuals 
can take within their homes and outdoors, such as exercise,
to assessment and treatment considerations that healthcare 
providers and institutions can implement [1-3]. The WHO [8] 
and global government agencies (eg, US Centers for Disease 
Control and Prevention [9] and Public Health England [10]  
similarly recommended that the public engage in physical ac-
tivity and exercise to attain and maintain mental health during 
the pandemic. These recommendations are supported by an 
extant literature providing compelling evidence for impact ful 
prevention of [11] and reductions in [12] depressive symptoms 
in clinical and non-clinical populations following the adop-
tion of physical activity programming. Many trials have also 
revealed the many neurobiological effects of long-term exercise 
in improving depressive symptoms [13]. Yet, with the mandated 
closure of fitness centres and outdoor recreation sites (eg, 
local and state/provincial parks) at the start of the pandemic, 
opportunities for engaging in healthy behaviours remained 
limited to one’s home for the most part.

Our study tested whether completing exercise at home 
that required little physical space or equipment would lead 
to reductions in depressive symptoms among Canadian adults 
in the spring and summer of 2020. Depressive symptoms 
were chosen as the trial’s primary mental health outcome 
since loneliness / social isolation are strongly associated 
with depression [14-16] and since loneliness / social isola-
tion were particularly anticipated due to prevailing public 
health physical distancing mandates implemented during 
the early stages of the COVID-19 pandemic. Activities were 
completed with the use of a commercially available mo-
bile application (app), with memberships provided free. 
Given that 88 % of Canadians own smartphones [17] and 
94 % of Canadians have home internet access, the use of 
a commercially available app that is both android and iOS 
compatible allowed us to test the effects of at-home exercise 
using app-based programs that are easily scalable to the 
public and widely implementable in the future, if effects 
are significant. The provision of free memberships and the 
minimal room or equipment required to complete the ac-
tivities attended to some of the socioeconomic inequities 
that can result from at-home exercise during the pandemic, 
as highlighted by Sallis and colleagues [18].

We partnered with a mobile application company, Down Dog 
(www.downdogapp.com), that has a suite of apps for a variety of 
activities that require little space or equipment. Two of the apps 
that were available for download at the start of the pandemic 
from Down Dog included whole body weight based high intensity 
interval training (HIIT) and yoga. Both HIIT [19] and yoga [20] have 
been shown to be effective in improving depressive symptoms. 
Participants in the active groups received access to either the HIIT 
or yoga application or access to both applications for 6 weeks.

The primary hypothesis of our pragmatic randomised clin-
ical trial was that completing at-home HIIT and/or yoga with 
the use of a free mobile application will lead to significant 
declines in depressive symptoms in adults over a 6-week period 
compared with a waitlist control (WLC). We further explored 
whether the benefits were unique to or stronger for HIIT, yoga 
or their combination by comparing each group’s effects over 
time to one another. Finally, we tested whether the effects 
were more or less apparent in those with high depressive 
symptoms prerandomisation.

Methods
Trial design

The COVID-19 Pandemic and Exercise (COPE) trial was a 
parallel, multiarm, pragmatic randomised controlled trial, with 
participants allocated randomly to one of four treatment groups: 
(1) HIIT, (2) yoga, (3) HIIT + yoga or (4) WLC. Study protocol was 
registered at ClinicalTrials.gov and the Open Science Framework 
(https://osf.io/jbm63).

Participants
Low active, English- speaking, Canadians aged 18-64 years, 

who were not retired at study entry and had access to the 
internet via a mobile device or computer were eligible to par-
ticipate. Activity was assessed with the validated Stanford 
Leisure- Time Categorical Activity Item (L–CAT) [21]. Those 
who scored between 1 and 3 on the L–CAT were eligible to 
participate since these scores represent low activity as pre-
scribed by the American College of Sports Medicine [22]. Only 
individuals deemed capable of performing moderate intensity 
physical activity were eligible to participate, as assessed with 
the Physical Activity Readiness Questionnaire for Everyone 
(PAR-Q+) and, if necessary, further assessed with the Physical 
Activity Readiness Medical Examination (ePARmed- X+) [23]. 
Those hospitalised within the previous 3 months were not 
eligible, unless a note from their physician was provided stating 
their ability to participate.

Participants from across Canada were recruited through 
social media advertisements, including Facebook, Twitter and 
Instagram, reaching 21 406 unique viewers and 2731 engaged 
in the advertisements through shares, clicks or likes. The ad-
vertisements directed participants to the study website that 
provided a summary of the purpose of the study and inclusion/
exclusion criteria. If interested, they were invited to email 
the study team to schedule an eligibility screening phone call. 
A study team member completed the screening using a scripted 
interview with Qualtrics, where eligibility screening data were 
stored. On agreement, eligible and interested participants 
received two links by email: (1) to the Qualtrics- based consent 
form for electronic signature and (2) to the PAR-Q+. Interested 
participants who were not cleared for exercise based on the 
PAR-Q+ or the ePARmed- X+ were required to receive clearance 



50  |  1–2022 INFUSION & CHEMOTHERAPY

ЗАРУБІЖНИЙ ДОСВІД

from their family physician or our team’s study physician. Fol-
lowing clearance, all participants completed our Qualtrics- based 
survey to assess the primary outcome: depressive symptoms.

Intervention
Participants randomised to one of the three treatment groups 

received a free 3-month membership to the mobile application 
version from Down Dog to access the applicable programs 
according to group assignment. Participants in the treatment 
groups were asked to complete a minimum 4 weekly 20 minutes 
sessions for 6 weeks. This accumulation was based on global 
recommendations to complete 75 minutes of high/vigorous 
intensity activity per week (equating to 150 minutes of moderate 
intensity activity) [24]. Seventy-five minutes of high intensity 
activity (for the HIIT condition) was averaged up to 80 minutes 
to translate the guidelines to 4 weekly sessions of equal length 
for study purposes. To ensure equivalence of weekly accumulated 
activity across intervention conditions, we asked participants 
in the yoga and HIIT + yoga conditions to also engage in four 
20 minutes sessions per week. WLC participants were asked to 
remain at the same activity level as during recruitment during 
the 6-week study and received the free 3-month membership to 
the yoga and HIIT apps after the 6 weeks. To ensure anonymity on 
the Down Dog platform, each participant received a participant 
ID that was preregistered by a study team member on the Down 
Dog platform. This also allowed us to track their weekly progress.

Outcome
The primary outcome was depressive symptoms, measured 

weekly from baseline to the end of the 6 week of the trial with 
the 10-item Center for Epidemiological Studies — Depression 
Scale (CESD) [25]. Examples of items include, ‘I was bothered by 
things that usually don’t bother me’ and ‘I could not get going.’ 
Scores ranged between 0 (‘Rarely or none of the time (less 
than 1 day)’) and 3 (‘Most or all of the time (5-7 days)’). Sum 
scores were produced (potential range: from 0 to 30; sample 
range: from 0 to 30). A cut-off score of 10 or above is consid-
ered significant depressive symptoms in community samples.

Sample size
Using Optimal Design Software [26], 367 participants were 

required to detect a small effect size (ES) δ=0.30 based on a 
two-level curvilinear growth model with power (1 — b) set at 
0.80 and alpha set at 0.05 for a seven time points repeated 
measures design with four groups. A 25 % attrition was expected 
over 6 weeks, thus a sample size of 490 was considered to be 
sufficient for the trial.

Randomisation and allocation
Sequence generation for randomisation was completed 

using Excel. Each member of the recruiting team received 
an Excel book with multiple blocks of randomised group-
ings. All blocks contained one of each potential grouping and 
a randomly assigned number generated by the data manager 
(second author). The treatment groups within each block were 
then sorted by their randomised number, allowing for unique 
configurations within each block and the grouping hidden 
on the Excel sheet. A member of the study team would unhide 
the result of the randomisation and allocated the participants 
to their group once they had completed the baseline surveys. 
The data manager and principal investigator (PI) (first author) 

remained blind to the participants’ allocations throughout the 
trial. The PI was blind to all randomisation until all data were 
prepared for analysis and initial primary analysis was completed.

Changes to the trial
On 7 August 2020, study recruitment was terminated for 

several reasons. First, interest in the study dropped substantially 
in late June, potentially due to the fact that fitness centres across 
Canada started to open, as did parks. Second, we wanted to keep 
the time frame of recruitment narrow to maintain similarity across 
participants in terms of impact of the pandemic. Finally, while we 
were very conservative with our original expected ES, a small-to-
medium ES of δ=0.40 or a medium ES of 0.50 could have as easily 
been expected based on previous meta-analyses [12, 27], requiring 
209 and 134 participants, respectively, or 278 and 179, account-
ing for 25 % attrition. More information on these changes can 
be accessed here, submitted 8 August 2020: https://osfio/a65vd.

Statistical approach
Means and SD, or number and percentages, were calculated 

for all continuous or categorical sociodemographic variables, 
respectively. Analyses of variance or χ2 analyses were com-
pleted for the continuous and categorical factors, respectively, 
to compare group differences. Imputation, using random forest 
methods [28], was conducted for depression symptom score 
when the participant did not complete all items in the survey 
at any week. All descriptive statistics, multiple imputation and 
visualisations were run using R Statistical software (V.4.0.2).

All randomised participants were included in the intent-to- 
treat analysis using Mplus (V.7.2) [29]. We adopted quadratic 
latent growth models [29] based on the framework of structural 
equation models to account for non-linear trends in CESD scores 
over the 6 weeks. See online supplemental materials — statistical 
approach section for more details of our analytic approach and 
the equations of the conditional quadratic latent growth models.

To examine the treatment effects in depressive symptoms 
on the subpopulation with high depressive symptoms initially, 
we restricted the sample to participants with CESD scores 
of ≥10 [25] and, due to poor model fit when including the 
quadratic term, we used free time scores of the slope growth 
factor for non-linear trends (Muthén and Muthén, p. 124) [29]. 
The equations are similar to those used for the quadratic latent 
growth model, but only I and S were estimated, and S is freely 
estimated with specifying the first two time points to 0 and 1.

For all analyses, we computed ES at each week using Fein-
gold’s approach [30], equivalent to Cohen’s d. Model fit indices 
used to ascertain model fit and fit statistics for the complete 
and restricted samples are included in the online supplemental 
materials. Maximum likelihood robust estimation was used for 
all the latent growth models because this type of estimator 
can easily handle outliers and missing data and provide more 
robust and accurate estimates.

Results
Participants

Three hundred and ninety-six individuals were screened 
for the COPE trial and, based on eligibility, 334 (84 %) were 
enrolled between 27 May 2020 and 7 August 2020 (fig. 1). 
Descriptive statistics for the sociodemographic factors and 
depressive symptoms are presented in table 1. Treatment groups 
were not different from each other on any factor at baseline.
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Included in final 
analyses (n=82)

HIIT (n=82)

Withdrew (n=1) Withdrew (n=3) Withdrew (n=2) Withdrew (n=1)

Included in final 
analyses (n=86)

Yoga (n=86)

Included in final 
analyses (n=83)

HIIT and yoga (n=83)

Lost to follow-up (n=24) Ineligible (n=38)
• Other individual in household participating  
   in study (n=2)

• Outside of age range (n=1)

• Retire d (n=2)

• Too physical active (n=29)

• Did not want to be randomized to any group (n=3)

• Not cleared for physical activity (n=1)

Screened (n=396)

Randomized (n=334)

Control (n=83)

Included in final 
analyses (n=83)

Fig. 1. Consort diagram

Table 1. Participant demographic information

Variable All 
(n=334)

WLC 
(n=83)

HIIT 
(n=82)

Yoga 
(n=86)

HIIT + 
yoga 

(n=83)
Baseline comparison

Age, years (SD) 40.3 (12.4) 41.0 (12.1) 41.2 (12.7) 37.8 (12.3) 41.1 (12.6) F (3, 329) = 1.45, p=0.23
CESD, score (SD) 10.3 (5.78) 10.4 (5.54) 10.8 (6.23) 10.4 (5.87) 9.41 (5.43) F (3, 330) = 0.89, p=0.45

Women, n (%) 289 (87) 74 (89) 71 (87) 72 (84) 72 (87) χ2 (3, n=334) = 1.08, p=0.78
Income, n (%) χ2 (15, n=334) = 18.77, p=0.22

0-40 000 30 (9) 4 (5) 11 (13) 9 (10) 6 (7)
40 001-80 000 68 (20) 16 (19) 12 (15) 24 (28) 16 (19)

80 001-120 000 66 (20) 19 (23) 14 (17) 14 (16) 19 (23)
120 001-160 000 51 (15) 11 (13) 12 (15) 18 (21) 10 (12)

160 000+ 63 (19) 20 (24) 14 (17) 11 (13) 18 (22)
No response 56 (17) 13 (16) 19 (23) 10 (12) 14 (17)

Employment status χ2 (12, n=334) = 6.11, p=0.91
Full time 177 (53) 50 (60) 40 (49) 40 (47) 47 (57)
Part time 44 (13) 10 (12) 13 (16) 13 (15) 8 (10)

Not working 48 (14) 9 (11) 14 (17) 14 (16) 11 (13)
Student 45 (13) 10 (12) 10 (12) 14 (16) 11 (13)
Other 20 (6) 4 (5) 5 (6) 5 (6) 6 (7)

Education χ2 (12, n=334) = 12.83, p=0.38
High school or less 22 (7) 3 (4) 3 (4) 10 (12) 6 (7)

College, trade school or certificate 52 (16) 10 (12) 12 (15) 15 (17) 15 (18)
Bachelor or equivalent 139 (42) 37 (45) 34 (41) 36 (42) 32 (39)

Postgraduate/professional training 118 (35) 33 (40) 31 (38) 24 (28) 30 (36)
No response 3 (1) 0 (0) 2 (2) 1 (1) 0 (0)

Ethnoracial identification χ2 (6, n=334) = 5.37, p=0.50
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Adherence results
Sixty-two per cent, 64 % and 75 % of HIIT, yoga and 

HIIT + yoga participants, respectively, completed four or more 
sessions in the first week of the trial, with an additional 
18-29 % completing between one and three workouts (fig. 2). 
Adherence decreased during the study. While the majority 
of yoga and HIIT + yoga group participants were still meet-
ing the requested four sessions per week by the end of the 
trial, only 40 % in the HIIT group met these activity levels. 
Participants in the combination group consistently engaged 
in more mean exercise on a weekly basis (between 71 and 
86 minutes throughout the 6 weeks) than those in the yoga 
arm (between 69 and 78 minutes) or HIIT (between 46 and 
64 minutes). Waitlisted participants remained underactive 
throughout the study, as reported on the Godin Leisure Time 
Exercise Questionnaire [31].

Treatment groups versus WLC
As seen in table 2A and figure 3A, the WLC participants 

had stable depressive symptoms throughout the 6 weeks (ie, 
non-significant S and Q). However, HIIT and HIIT + yoga signifi-
cantly reduced in depressive symptoms over time in non-linear 
ways, whereas yoga reduced linearly over time (fig. 3a).

Treatment effect results revealed that baseline estimates 
for each group were not significantly different from that of 
the WLC (table 2, section B1; all p>0.05), whereas the growth 
rates over time (specifically the slopes) for HIIT and the HIIT + 
yoga were different from WLC (table 2, sections B2, B3). The ES 
for yoga (except week 1) and HIIT + yoga compared with WLC 
were significant with small ES (range from  -0.11 to -0.33), with 
ES getting larger over time. In the HIIT group, ES estimates 
were small and significant initially, though reduced in size 
by week 4 when they were no longer significant.

White, n (%) 198 (59) 50 (60) 54 (66) 43 (50) 51 (61)

Asian, n (%) 87 (26) 22 (27) 16 (20) 28 (33) 21 (25)

Other / multiple selections / 
did not answer, n (%) 49 (15) 11 (13) 12 (15) 15 (17) 11 (13)

Marital status χ2 (9, n=334) = 6.95, p=0.64

Married, n (%) 187 (56) 49 (59) 48 (59) 43 (50) 47 (57)

Separated/divorced/widowed, n (%) 26 (8) 7 (8) 6 (7) 5 (6) 8 (10)

Single, n (%) 115 (34) 27 (33) 25 (30) 36 (42) 27 (33)

Other / refused to / did not answer, n (%) 6 (2) 0 (0) 3 (4) 2 (2) 1 (1)

L-CAT χ2 (6, n=334) = 10.22, p=0.12

1, n (%) 19 (6) 2 (2) 4 (5) 8 (9) 5 (6)

2, n (%) 172 (51) 36 (43) 49 (60) 46 (53) 41 (49)

3, n (%) 143 (43) 45 (54) 29 (35) 32 (37) 37 (45)

Note. Data are presented for all participants (all) and separated by randomisation group (WLC; HIIT; yoga; HIIT + yoga). All group comparisons 
between continuous variables were complete using one-way analyses of variance; the comparisons between categorical variables were done 
using χ2 tests.

Fig. 2. Exercise adherence rates by experimental condition
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Fig. 3. Trajectories and ES for depressive symptoms over the course of the study
Note: figure 3A shows each group’s trajectories, in the full sample, while figure 3B show the trajectories for those with high (CESD score ≥10) 
levels of depressive symptoms. Figure 3C, D represent the ES at each time point, for all participants and those with high levels of depressive 
symptoms, respectively.

Table 2. Estimates for trajectories for WLC (A) and comparisons with active treatment groups (B1-3)
Estimate SE 95 % CI

A. Estimates, SE and 95 % CI for intercept (I), slope (S) and quadratic (Q) terms for WLC
I 10.34 0.60 9.15 to 11.49
S -0.15 0.26 -0.65 to 0.38
Q -0.01 0.04 -0.09 to 0.07

B. Estimates for differences between each group and WLC
B1. Differences in estimates for I

HIIT versus WLC 0.26 0.87 -1.46 to 1.97
Yoga versus WLC -0.34 0.86 -2.02 to 1.34

HIIT + yoga versus WLC -1.27 0.83 -2.89 to 0.35
B2. Differences in estimates for S

HIIT versus WLC -0.77 0.38 -1.51 to -0.04
Yoga versus WLC -0.70 0.40 -1.49 to 0.08

HIIT + yoga versus WLC -0.92 0.39 -1.69 to -0.14
B3. Differences in estimates for Q

HIIT versus WLC 0.11 0.06 0.00 to 0.22
Yoga versus WLC 0.08 0.06 -0.05 to 0.20

HIIT + yoga versus WLC 0.11 0.06 -0.01 to 0.23

Note. Results from the structural equation model estimating intercept, slope and quadratic term for WLC (section A) and comparisons of these 
estimates with those of the three active groups (HIIT, yoga, HIIT + yoga; section B). Bold text denotes p<0.05.
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Comparison of treatment groups
All three groups had similar trends in decreasing depressive 

symptoms over the course of the study, and ES estimates for 
each week were not significantly different from each other.

High depression group
When restricted to those participants with prerandomi-

sation baseline ≥10 CESD (n=173; mean=14.8, SD=3.98), 
all treatment groups had significantly greater reductions in 
dep ressive symptoms over time compared with the WLC. Rate 
of decrease in depressive symptoms for each group, in descend-
ing strength, was -3.39 (HIIT + yoga), -3.24 (HIIT),  -3.18 (yoga) 
and -1.18 (WLC) (see figure 3B for trends). Within the first 
week, ES for each treatment group compared with WLC were 
significant and of small size (ES range -0.41 to -0.44) and 
continued to grow over th course of the study to very large 
when the trial was completed (ES range -2.34 to -2.51).

Discussion
Significant treatment effects in depressive symptoms 

were observed for participants randomised to complete HIIT 
or yoga, or a combination of the two, at-home using a suite of 
mobile applications over a 6-week period compared with WLC 
participants. While WLC participants’ depressive symptoms 
remained steady throughout the 6-week period, those in the 
three active arms had significant declines, as hypothesised. 
ES at each week were small for all three active groups, with 
the greatest effects in the combination group. Effects were 
very large when the sample was restricted to those with 
high depressive symptoms prior to randomisation, again with 
the apparent largest effects in the combined HIIT + yoga 
group. These differences could be attributed to the higher 
number of HIIT + yoga participants who completed at least 
four weekly workouts throughout the study, and the fact that 
those in the combined group completed the most minutes 
of activity every week. Our results highlight that providing 
variety to participants in pragmatic clinical trials can lead 
to the greatest adherence with the largest effects. This is 
supported by experimental research that demonstrates that 
those who engage in greater varieties of exercises are most 
likely to report more sustained physical activity [32]. Our 
study reveals an impactful health behaviour in which adults, 
especially those with significant depressive symptoms, can 
engage that can potentially offer relief from the burden of 
the pandemic.

Prior to the COVID-19 pandemic, percentages of adults 
across the globe who were already insufficiently active were 
troublesome [33]. Prior to COVID-19 in Canada, only 18 % 
of adults were physically active at recommended levels 
when measured with accelerometers [34]. Evidence sug-
gests that these trends worsened during the early months 
of the pandemic, globally [35] and within Canada [36]. This 
is not surprising given the mandated stay-at-home orders 
that were implemented across all of Canada and most of 
the globe in the early months of the pandemic (see [37] for
a review of the timeline of restrictions in Canada during the 
first wave). A global call for action [18] prioritised at-risk 
groups (eg, frontline, low-paid, healthcare system workers, 
laid off adults and older adults) as intervention targets for 
physical activity programming to reduce risk and severity of 
infection with COVID-19. Not included in the call for action 

were those at wider risk for mental health issues, and recent 
studies are directing attention to individuals in different 
countries who are at risk for pandemic- related depression. 
In the UK, for example, adults aged 18-34 years, women 
and adults with children had the greatest increases in de-
pression during the early months of COVID-19 [7]. Similar 
elevated risk to women and young adults was identified in 
the USA, as was to those who self-identified as Hispanic, 
had lower education levels, were not married or had more 
life stressors resulting from the pandemic (eg, financial/
employment loss and COVID-19 related death of a family 
member) [6]. In our study, the majority of participants were 
women (87 %), nearly half were 18-39 years of age (47 %) 
and had children at home (42 %). Yet, a large majority would 
not be considered to have met significant economic or em-
ployment challenges, as many were employed. The extent to 
which exercise programming can specifically benefit adults 
with economic challenges remains unclear.

There are several limitations to the current study. First, 
while our study sought to recruit equal numbers of women 
and men, men did not participate at the same rate as women, 
likely a result of yoga appealing mostly to women [38]. Second, 
we partnered with a company with commercially available 
mobile apps, which allowed us to evaluate the efficacy of 
app-delivered programs that can be delivered at scale. While 
potential scalability makes our findings important, the study 
was not designed to control the types, difficulty or lengths 
of activities. Thus, it is impossible to quantify the frequency, 
intensity, type or time spent in specific exercises for prescrip-
tive and clinical purposes. A final limitation is all participants 
were asked to complete a minimum of four sessions/week 
at 20 minutes/session, so that the total weekly HIIT would 
meet global recommendations for vigorous exercise [24]. 
Yet, 80 weekly minutes of moderate activity, such as yoga, do 
not reach the recommended 150 minutes of moderate intensity 
activity. While global recommendations are set at 75 vigorous 
or 150 moderate intensity minutes of physical activity per 
week [24], there is considerable evidence suggesting that 
weekly physical activity even below recommended thresh-
old levels is effective for many health issues [39], including 
depression [40].

By 2030, the World Economic Forum projected that mental 
illness will account for US $6 trillion of the annual global 
economic burden, accounting for more than half the burden 
from all non-communicable diseases [41]. With the increasing 
prevalence of global citizens with COVID-19 related depres-
sive symptoms, the personal, social and economic burden can 
be expected to be even more far-reaching and devastating. 
The results from the current trial suggest that health officials 
should continue to promote exercise to the public [1], directing 
such promotion especially to those experiencing significant 
depressive symptoms, with the provision of low-cost or free 
exercise- based mobile applications to use at home as part of 
healthcare systems’ initiatives. Free eHealth mobile applications 
are effective in improving medication adherence and clinic 
attendance for non-communicable physical diseases, leading 
to substantial cost-effectiveness [42]. Perhaps, then, the free 
provision of exercise- based mobile applications, supported 
by healthcare systems, could be one method to help reduce 
the emerging global mental health crisis and its eventual 
economic burden.
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What are the findings?
This pragmatic randomised controlled trial provides evi-

dence suggesting that at-home app-based exercise in various 
forms (high intensity interval training or yoga or their combi-
nation) can significantly improve depressive symptoms over 
a 6-week period in adults during the pandemic. Effects were 
strongest for those who were provided opportunities for both 
high intensity interval training and yoga. When the sample 
was restricted to only those with high baseline depressive 
symptoms, the weekly effects were very large.

How might it impact on clinical practice in the future?
At-home exercise during the COVID-19 pandemic proved 

to be an impactful and affordable health behaviour in which 
adults, especially those with high depressive symptoms, can 
engage to bolster their mental health. In light of the long-term 
mental health consequences of COVID-19 with which many 
adults are expected to struggle, even after a return to normal, 
promoting and supporting programming in communities at 
the individual level will emerge as a necessary clinical and 
health policy initiative.
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