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Abstract
Background: Undergraduate students frequently experience negative emotional states and sleep quality, which is believed to
have worsened following the COVID-19 pandemic.
Objective: This study piloted the use of a popular mobile mindfulness app (Calm) as a potential intervention to improve
state depression, anxiety, stress, and sleep quality in undergraduate students attending a Canadian university, following the
COVID-19 pandemic.
Methods: Undergraduate students were randomly assigned to a control or treatment group and completed a series of 3
questionnaires to evaluate baseline state emotional health (Depression Anxiety Stress Scale 42-Item Version [DASS-42],
Perceived Stress Scale 10-Item Version [PSS-10], and Pittsburgh Sleep Quality Index). Treatment group participants were
instructed to engage with the fully-automated Calm app’s sleep section for 30 days: 20 minutes daily, 5 days a week, along
with an additional 30 minutes of interaction with other app sections each week, resulting in a goal of 130 minutes per week.
The control participants were instructed to continue with everyday life and refrain from the use of mindfulness-based apps
for 30 days. Following the 30-day treatment period, all participants repeated the 3 questionnaires. The impact of the treatment
on all outcomes was examined using linear mixed model analyses. Independent samples t tests were used to determine if
psychosocial health or sleep scores differed between baseline and follow-up and if differences in such scores were present
between the groups.
Results: A total of 80 students met the inclusion criteria and were randomly assigned to the control (n=40) or treatment
(n=40) group. One control participant was lost to follow-up and 3 treatment participants discontinued engaging with the
Calm app. Both control (n=39) and treatment (n=37) groups began with similar demographic, emotional state, and sleep
characteristics. Treatment participants engaged with the Calm app’s sleep section for an average of 234 minutes per week;
however, 54% (20/37) met the minimum prescribed interaction time across all 4 weeks. Following the 30-day treatment period,
compared to the control group, the treatment group’s state anxiety (mean 14, SD 7.4 vs mean 12, SD 7.8; P=.002), state stress
(DASS-42: mean 20, SD 8.8 vs mean 15, SD 8.5; P<.001; PSS-10: mean 22, SD 5.9 vs mean 19, SD 5.9; P=.02), and sleep
quality (mean 7.7, SD 2.7 vs mean 6.4, SD 3.5; P<.001) improved. Posttreatment, state stress and perceived stress severity was
lower in the treatment versus control group (DASS-42: P=.02; PSS-10: P=.03, respectively).
Conclusions: These pilot findings indicate that a mindfulness app may be an effective tool for reducing state anxiety and
stress, as well as enhancing sleep quality among undergraduate university students. A larger, randomized controlled trial
should confirm these findings.
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Introduction
Poor emotional health is a considerable problem among
university students, with current evidence suggesting
depression, anxiety, and stress are frequently reported among
this population [1-4]. For instance, in a World Health
Organization survey of students from 19 universities across
8 countries, 35% of participants met the diagnostic criteria
for either a mood, substance-use, or anxiety disorder [1].
Recent systematic reviews suggest the COVID-19 pandemic
led to a considerable worsening of psychosocial health
among postsecondary students [5,6]. Furthermore, a growing
consensus in the literature suggests that, unlike in the general
population, postsecondary student mental health has not
returned to prepandemic levels [7-15].

Poor sleep quality is another common observance among
postsecondary students [16], with conditions such as delayed
sleep phase syndrome being 50% more prevalent among
postsecondary students compared to the general population
[17]. A distinctive combination of social, work, and aca-
demic pressures renders this population particularly suscepti-
ble to poor sleep quality [18,19]. Sleep disturbances can have
enduring effects on mental and physical well-being, having
been associated with conditions including cardiometabolic
diseases, cancer, and chronic respiratory diseases [20]. Sleep
issues have also been linked to decreased academic produc-
tivity [21], performance [21], and increased dropout rates in
postsecondary students [22].

While bidirectional relationships are believed to exist
between each of depression, anxiety, and stress [23-26], a
recent meta-analysis of randomized controlled trials does
suggest poor sleep plays a causal role in the development
of reduced psychosocial health [27]. Accordingly, poor
sleep quality may create a cyclic effect wherein worse
sleep quality negatively impacts psychosocial health, thereby
further complicating the maintenance of healthy sleep habits
[23,26,28,29]. As increasing levels of depression, anxiety,
and stress have been linked to lower levels of help-seek-
ing intention [30], additional targeted resources aimed at
improving state emotional health and sleep quality are needed
among postsecondary students.

Mindfulness interventions aim to extend upon the levels of
attention and awareness in normal functioning by fostering
sustained, nonjudgmental present-moment awareness [31].
These practices, which commonly include focused attention
meditation, body scanning, and mindful breathing, aim to
mitigate cognitive distractions and promote a deliberate focus
on internal and external experiences [31]. Recently, mindful-
ness meditation has advanced to include mobile applications
offering users the convenience of guided practice at their
preferred time and location. These resources offer a poten-
tial alternative to traditional mental health supports and may
address the most common barriers (such as long wait times

and confidentiality concerns) to accessing mental health care
as reported by a recent random sample of approximately
2000 Canadian students [15]. Current meta-analyses suggest
mindfulness-based online or app-based tools are effective
in significantly improving both mental health and sleep
quality in postsecondary students [32-35]. While reviews
generally agree that online and app-based mindfulness tools
can significantly reduce anxiety and stress in students, the
evidence regarding their impact on depression is mixed
[32-34,36]. Moreover, few studies to date have explored
the impact of an app-based mindfulness intervention on the
critical intersection of emotional well-being and sleep quality
in postsecondary students.

Therefore, the following pilot study aimed to explore
the impact of a 1-month stand-alone treatment using the
mindfulness-based app Calm on state emotional health and
sleep quality in a sample of undergraduate students attend-
ing a Canadian university post the COVID-19 pandemic.
We hypothesized that using the Calm app would improve
undergraduate students’ sleep quality and symptoms of state
stress, anxiety, and depression relative to a control group. As
this was a pilot investigation, we also hypothesized that using
the Calm app for the duration of this study would be feasible,
as determined by meeting the minimum suggested minutes of
app interaction per day.

Methods
Study Design and Participants
A pilot nonblinded randomized controlled study was
conducted among undergraduate students attending a
university in Ontario, Canada. Inclusion criteria were as
follows: (1) be 17 years of age or older, (2) be enrolled in
full-time undergraduate studies, (3) possess a smartphone or
tablet capable of effectively running the Calm app, (4) not be
regular users or subscribers of the Calm app, and (5) provide
informed consent. Internet literacy was an implicit eligibility
requirement. Past or current diagnoses of clinical depression
or anxiety were not considered an exclusion criteria for
this study. Participant recruitment occurred during 2 periods:
between January 31 and February 13, 2023 (winter term),
and September 21 and October 13, 2023 (fall term). Partici-
pants were recruited on a first-come, first-served basis using
an approved script distributed via email to student mailing
lists across various academic departments at the university.
Word of mouth among students also contributed to participant
recruitment.

The Calm app is a smartphone app available from
developer Calm.com on iOS (Apple Inc) and Android (Open
Handset Alliance [led by Google]) operating systems, that
includes a variety of mindfulness features such as guided
meditation, sleep stories, breathing exercises, and mindful-
ness-based stress reduction techniques [37]. The app’s sleep
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section houses several resources designed to improve sleep
quality, such as guided relaxation exercises, sleep stories,
and calming soundscapes [37]. The Calm app was selec-
ted due to its comprehensive approach and popularity.
Study participants were randomized to either the treatment
or control group by study personnel via the random allo-
cation functions in Microsoft Excel (version 16.83, Micro-
soft Corporation). An identical in-person questionnaire was
administered to participants by study personnel at 2 time
points: before (baseline) and after (follow-up) the 30-day
Calm app treatment period.

Participants randomized to the treatment group received
1-month of access to the Calm app, accessible via a unique
URL. The 30-day length of intervention was selected for
the current pilot study as this was thought to be a realistic,
shorter timeframe to allow for an initial assessment of the
potential benefits of using the Calm app. The treatment group

was instructed to use the app’s sleep section for 30 days:
20 minutes daily, 5 days a week, along with an additional
30 minutes of interaction with other app sections each week,
resulting in a total of 130 minutes of app use per week.
This amount of time was selected for the intervention as it
was thought to be similar to one 30-minute meditation class
per day. We advised use for 5 days per week, instead of 7,
to provide students with greater flexibility and enhance the
probability of sustained engagement. Compliance was tracked
using a logbook; participants filled out the total daily time
spent using the Calm app during the 30-day treatment period.
The control group was instructed to continue with their usual
daily routines, refraining from the use of any mindfulness
apps such as Calm. After the 30-day study period, and
following the completion of the follow-up questionnaires, the
control group received free access to the Calm app for 1
month. Figure 1 describes this study timeline.

Figure 1. Study design line schematic including recruitment, baseline, intervention, and follow-up.

Ethical Considerations
This study was reviewed and received approval from Trent
University’s Research Ethics Board (28256). Given that
this study was a pilot investigation, the protocol was
not registered within a clinical trials database. Following
ethics approval, interested participants were provided with
information about this study via a consent form and were
provided with the opportunity to review the form and ask
questions about this study to a member of the research team.
Written informed consent was obtained from all participants.
Each participant was assigned a unique study ID number
to ensure privacy and confidentiality. Access to 1 month of
the Calm app served as the incentive for study participation,

provided to the treatment group during their study interval
and the control group for 1 month following their 30-day
study interval.
Questionnaire and Measures
The questionnaire consisted of 4 components including a
demographic questionnaire which collected age, gender, year
of study, and program of study. Components 2 to 5 consisted
of validated self-assessed psychological tools: the DASS-42
(Depression Anxiety Stress Scale 42-Item Version) [38],
the Pittsburgh Sleep Quality Index (PSQI) [39], and the
Perceived Stress Scale 10-Item Version (PSS-10) [40]. The
DASS-42 is a validated tool consisting of 3 sections, each
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containing 14 subgrouped questions assessing state depres-
sion, anxiety, and stress [41-43] and has been used to assess
emotional states among postsecondary students previously
[44-46]. The DASS-42 produces 3 scores ranging from 0
to 42, each corresponding to either state depression, anxiety,
or stress [47]. Such scores can be categorized as normal to
extremely severe according to the following scale for anxiety,
stress, and depression, respectively: normal (0‐7, 0‐14, and
0‐9), mild (8-9, 15-18, and 10-13), moderate (10-14, 19-25,
and 14-20), severe (15-19, 26-33, and 21-27), extremely
severe (≥20, ≥34, and ≥28) [47].

The PSQI is a 10-item self-report that evaluates sleep
over the past month on 7 domains, producing a global
sleep quality score. Higher scores correspond to poorer sleep
quality [39]. Such domains include sleep quality, latency,
duration, efficiency, disturbance, medication use, and daytime
dysfunction [39]. The PSQI has been validated through
previous studies [48,49] and has been used to examine
sleep in undergraduate students [50-52]. The PSS-10 assesses
self-perceived stress over the past month using 10 questions
on a 5-point Likert scale [40]. Stress levels can then be
categorized as follows: scores from 0 to 13 indicate low
stress, scores from 14 to 26 indicate moderate stress, and
scores from 27 to 40 indicate high stress [53]. The PSS-10
has been validated among university students [54], and a
systematic review of studies assessing the PSS-10’s validity
supports its use [55].
Statistical Analyses
Demographic data was analyzed using descriptive statistics.
Two-sample t test with equal variances was used to com-
pare mean age between treatment and control groups, and
Pearson chi-squared tests were used to determine if sig-
nificant differences in categorical demographic variables
existed between these groups. Independent t tests were used

to determine if baseline and posttreatment scores differed
significantly for each of the 5 measures (DASS-depression,
DASS-anxiety, DASS-stress, PSS-stress, and PSQI-sleep)
between treatment and control groups. Linear mixed models
were computed for each of this study’s outcomes, examining
the interaction between time point (baseline or follow-up)
and study group (treatment or control). Effect sizes (Cohen
d) were calculated for linear mixed model outcomes, with
thresholds defined as large (d≥0.80), medium (0.50≤d<0.80),
and small (0.20≤d<0.50). Statistical significance was set at
P<.05. The term of data collection (winter 2023 or fall 2023)
was also included in the models to examine if the term of
study had an impact on the treatment and study outcomes.
Statistical analyses were conducted in R (version 4.3.2, R
Foundation for Statistical Computing), and the following
packages were used for analyses: lme4, lmerTest, and effsize.
Figures were generated using Microsoft Excel.

Results
Participant Exclusion and Demographic
Characteristics
A total of 80 participants, equally distributed between fall
and winter recruitment terms, were randomly assigned to
either the treatment (n=40) or control (n=40) group. One
participant during the fall recruitment term and 2 participants
during the winter term withdrew from this study, leading to
their exclusion from the treatment group. Additionally, one
participant was excluded from the control group due to loss
at follow-up during the fall data collection period. Therefore,
data from 76 undergraduate students (38 from each collec-
tion period; 39 in the control, and 37 in the treatment) were
included in the analysis (Figure 2).
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Figure 2. CONSORT flow diagram of participants’ eligibility, enrollment, group allocation, treatment, and data analyzed in this pilot study.
CONSORT: Consolidated Standards of Reporting Trials.

Table 1 presents demographic data by study group. The
mean age of participants did not differ significantly (P=.27)
between the 2 groups (mean 20.6, SD 3.1 and mean 21.8, SD
5.8 years in the control and treatment groups, respectively).
Most participants identified as female, including 82% (32/76)

and 81% (30/76) of participants in the control and treatment
groups, respectively (P=.80). Students’ year of study ranged
from year 1 to year 5+. There was also an equal distribution
of students by year of study (P=.59) and program of study
(P=.21) between the control and treatment groups.

Table 1. Demographic characteristics of participants, comparing the control and treatment groups (N=76). All programs are bachelor’s degrees.
Characteristic Control group (n=39) Treatment group (n=37) P value
Age (years), mean (SD) 20.64 (3.09) 21.81 (5.76) .27
Gender, n (%) .80
  Female 32 (82) 30 (81)
  Male 5 (13) 6 (16)
  Gender nonconforming 2 (5) 1 (3)
Year of study, n (%) .59
  First year 11 (28) 10 (27)
  Second year 8 (21) 5 (14)
  Third year 11 (28) 12 (32)
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Characteristic Control group (n=39) Treatment group (n=37) P value
  Fourth year 9 (23) 8 (22)
  Fifth year or higher 0 (0) 2 (5)
Program of study, n (%) .21
  BAa 2 (5) 4 (11)
  BASb 2 (5) 1 (3)
  BESSc 1 (3) 0 (0)
  BScd 18 (46) 24 (65)
  BScFSe 10 (26) 3 (8)
  BScKinf 0 (0) 2 (5)
  BScNg 4 (10) 2 (5)
  BSWh 2 (5) 1 (3)

aBA: Bachelor of Arts.
bBAS: Bachelor of Arts and Science.
cBESS: Bachelor of Environment Science or Studies.
dBSc: Bachelor of Science.
eBScFS: Bachelor of Science in Forensic Science.
fBScKin: Bachelor of Science in Kinesiology.
gBScN: Bachelor of Science in Nursing.
hBSW: Bachelor of Social Work.

State Depression, Anxiety, and Stress

Baseline
Table 2 presents pretreatment outcome data. The mean state
depression scores pretreatment were similar in the control
and treatment groups (P=.58) and represented moderate
severity state depression at baseline in both groups. The
mean state anxiety scores at baseline were also similar
between the control and treatment groups (P=.11), however,

scores represented moderate-severity state anxiety in the
control group and severe state anxiety in the treatment group.
Baseline mean DASS-42 (P=.85) and PSS-10 (P=.10) scores
were comparable between groups, both indicating moderate
stress severity. Overall, 26%‐44% (10/39 to 17/39) of those
in the control group experienced severe to extremely severe
levels of state depression, anxiety, and stress. Comparatively,
24%‐54% (9/37 to 20/37) of participants in the treatment
group reported similar levels.

Table 2. Mean baseline state emotional health scores, comparing the control and treatment groups (N=76).
Measure Control group (n=39) Treatment group (n=37) P value

Mean (SD) Score category Mean (SD) Score category
DASSa-depression 15.41 (11.05) Moderate 14.08 (9.91) Moderate .58
DASS-anxiety 14 (7.02) Moderate 16.81 (8.27) Severe .11
DASS-stress 21.38 (8.4) Moderate 21.73 (7.09) Moderate .85
PSSb -stress 22.15 (6.88) Moderate 22.16 (6.39) Moderate .10

aDASS: Depression Anxiety Stress Scale 42-Item Version.
bPSS: Perceived Stress Scale 10-Item Version.

Pre- Versus Posttreatment
Table 3 summarizes the interaction of time point and study
group for all study outcomes. State depression showed no
significant interaction (P=.37; Figure 3A), and Cohen d effect
size of the treatment group’s changes in state depression
was small (d=0.4, 95% CI 0.16 to 0.73). The interaction
of time point and study group for state anxiety demonstra-
ted a significant interaction (P=.002; Figure 3B), with a
medium effect size within the treatment group (d=0.6, 95%
CI 0.26-0.95). The interaction of time point and study group

for stress also showed a significant interaction for both the
DASS-42 stress score (P<.001; Figure 3C) and PSS-10 stress
score (P=.02; Figure 3D). The treatment group’s change
in stress had a large effect size for DASS-42 stress score
(d=0.81, 95% CI 0.53-1.10) and a medium effect size for
PSS-10 stress score (d=0.57, 95% CI 0.24-0.89).

There was no impact on outcome measures between the
2023 winter term dataset and the 2023 fall term dataset
(P>.16; Table 4).
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Table 3. Linear mixed model of the interaction of time point × study group for state emotional health outcomes.

Variables

Precontrol
(n=39),
mean (SD)

Postcontrol
(n=39),
mean (SD)

Control effect
size (95% CI)

Pretreatment
(n=37),
mean (SD)

Posttreatment
(n=37),
mean (SD)

Treatment effect
size (95% CI)

t value
(df) P value

DASSa-depres-
sion

15.4 (11.05) 12.9 (8.37) 0.25 (-0.03 to
0.53)

14.1 (9.91) 9.81 (9.08) 0.45 (0.16 to
0.73)

–0.9 (74) .37

DASS-anxiety 14 (7.02) 14.1 (7.44) –0.004 (–0.23 to
0.22)

16.8 (8.28) 11.95 (7.82) 0.6 (0.26 to
0.95)

–3.24
(74)

.002

DASS-stress 21.4 (8.4) 20.1 (8.84) 0.1 (–0.05 to
0.34)

21.7 (7.09) 15.2 (8.54) 0.81 (0.53 to
1.1)

–4.05
(74)

<.001

PSSb-stress 22.12 (6.88) 21.74 (5.92) 0.06 (–0.19 to
0.32)

22.2 (6.4) 18.7 (5.91) 0.57 (0.24 to
0.89)

–2.47
(74)

.02

aDASS: Depression Anxiety Stress Scale 42-Item Version.
bPSS: Perceived Stress Scale 10-Item Version.

Figure 3. Depression, anxiety, and stress scores among the control (n=39) and treatment (n=37) groups pre- and posttreatment with the Calm app.
Peaks of the bar columns represent the mean score, and error bars represent the SD. Statistical analysis by linear mixed model. (A) Mean DASS-42
state depression. (B) Mean DASS-42 state anxiety. (C) Mean DASS-42 state stress. (D) Mean PSS-10 state stress. Mean state anxiety and state stress
measured by the DASS-42 and PSS-10 decreased significantly in the treatment group following 30 days of treatment. There were no changes in
any of the state emotional health outcomes in the control group between baseline and 30 days later. DASS-42: Depression Anxiety Stress Scale-42;
PSS-10: Perceived Stress Scale-10. *P<.05, **P<.01, ***P<.001.

Table 4. Linear mixed model of interaction of fall and winter term data collection × all outcome measures.
Outcome measure t value (df) P value
DASSa-depression -0.24 (72) .81
DASS-anxiety -1.43 (72) .16
DASS-stress 0.86 (72) .39
PSQIb -0.23 (72) .82
PSSc-stress -0.33 (72) .75

aDASS: Depression Anxiety Stress Scale 42-Item Version.
bPSQI: Pittsburgh Sleep Quality Index.
cPSS: Perceived Stress Scale 10-Item Version.

Posttreatment Follow-Up
Mean follow-up state emotional health scores are summarized
in Table 5. The mean state depression follow-up scores were

similar (P=.13) for the control and treatment groups, both of
which were in the mild category. The mean follow-up state
anxiety scores were similar between groups and corresponded
to a moderate level of state anxiety in both groups. The mean
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DASS-42 stress scores at follow-up were mean 20.13 (SD
8.84) and mean 15.22 (SD 8.54) in the control and treatment
groups, respectively, corresponding to a moderate severity in
the control group and a mild severity in the treatment group.
The mean PSS-10 stress scores at follow-up were mean 21.74

(SD 5.92) and mean 18.68 (SD 5.91) in the control and
treatment groups, respectively, falling in the moderate stress
category [53]. Both the DASS-42 and PSS-10 stress scores
were higher in the control versus treatment group at study end
(P=.02 and P=.03, respectively).

Table 5. Mean scores of state emotional health in control compared to treatment groups at posttreatment or 30 day follow-up.
Variables Control group (n=39) Treatment group (n=37) P value

Mean (SD) Score category Mean (SD) Score category
DASSa-depression 12.87 (8.37) Mild 9.81 (9.08) Mild .13
DASS-anxiety 14.03 (7.44) Moderate 11.95 (7.84) Moderate .24
DASS-stress 20.13 (8.84) Moderate 15.22 (8.54) Mild .02
PSSb-stress 21.74 (5.92) Moderate 18.68 (5.91) Moderate .03

aDASS: Depression Anxiety Stress Scale 42-Item Version.
bPSS: Perceived Stress Scale 10-Item Version.

Sleep Quality

Baseline
Baseline sleep quality scores were not significantly differ-
ent (P=.14) between the control (mean 8.18, SD 3.15) and
treatment (mean 9.46, SD 4.26) groups. This represents
a categorization of poor sleep quality in both groups as
indicated by a score greater than 5 [39]. Most participants
in both groups displayed poor sleep quality, with 82% (32/39)
in the control group and 84% (31/37) in the treatment group

falling into this category. Over three-quarters of the treat-
ment (28/37, 76%) and control (31/39, 79%) groups exhibited
insomnia according to previously established cutoffs.

Pre- Versus Posttreatment
The interaction of time point and study group for sleep quality
showed a significant interaction (P<.001; Figure 4), with a
medium effect size within the treatment group (d=0.78, 95%
CI 0.45 to 1.10).

Figure 4. Mean PSQI scores among the control (n=39) and treatment (n=37) groups pre- or posttreatment with the Calm app. Peaks of the bar
columns represent the mean score, and error bars represent the SD. Statistical analysis by linear mixed mode. Mean PSQI score decreased (improved)
significantly in the treatment group following 30 days of treatment with the Calm app. There were no changes in PSQI score in the control group
between baseline and 30 days later. PSQI: Pittsburgh Sleep Quality Index. ***P<.001.

Posttreatment Follow-Up
The mean sleep quality scores at follow-up were mean 7.69
(SD 2.66) and mean 6.38 (SD 3.53) in the control and
treatment groups, respectively. This represents a categoriza-
tion of poor sleep quality in both groups [39]. An independent
sample t test found no difference between the control and
treatment sleep quality scores at follow-up (P=.07).

Adherence
Over half (20/37, 54.1%) of treatment group participants
completed the minimum requested interaction time with Calm
(130 min/wk) across all 4 weeks. Differences in treatment
group adherence (how many weeks the minimum interaction
time was met) between participants recruited during the fall
(x=3.3, SD=1.2) and winter (x=2.6, SD=1.7) terms were not
significant (P=.14), with a small effect size (d=0.48). The
total average time that treatment group participants interacted
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with the Calm app’s sleep section was 663.6 minutes in the
fall group and 1208.7 minutes in the winter group (P=.18),
representing a small effect size (d=0.4). Importantly, the
average minimum number of minutes fall participants spent
using the sleep section (144.1 min/wk) was similar to the
winter participants (106.4 min/wk; P=.1), with a medium
effect size (d=0.55). The most used sections of the app
outside of sleep were music (10/33, 30%), daily calm (5/33,
15%), and soundscapes (5/33, 15%).

Discussion
Principal Findings
This pilot study found that following a 30-day treatment
period with the Calm app, undergraduate students assigned
to the treatment group displayed significant reductions in
state anxiety and stress severity as well as improvements in
sleep quality relative to the control group. While both groups
had similar outcome measures at baseline, state stress levels
were significantly lower in the treatment group compared to
the control group at follow-up. This represents a decrease
in state stress levels that are similar to the lower range
found in worldwide representative samples pre–COVID-19
pandemic [56-62]. Moreover, the treatment group experi-
enced a 16% reduction in the prevalence of poor sleep
quality. Such improvements in state anxiety, stress, and sleep
quality, despite only 54% adherence to the full-prescribed
use of the Calm app, are particularly encouraging. These
findings suggest that even partial engagement with mindful-
ness interventions can lead to meaningful benefits. They
also indicate that the app’s effects may be more substantial
or easier to attain than expected, potentially enhancing its
feasibility and appeal among university students.

State Emotional Health in Undergraduate
Students
Baseline findings from our sample of undergraduate students
indicate that more than one-third of participants experienced
severely heightened levels of state depression, anxiety, or
stress. This is higher than the worldwide representative scores
of state depression, anxiety, and stress among university
students documented in the literature. For instance, studies
conducted in countries including the United States, Saudi
Arabia, Ethiopia, Spain, Turkey, Pakistan, and Malaysia
have reported severe or extremely severe prevalence rates
of depression in university student samples ranging from
9.7% to 27%, state anxiety from 15% to 41.4%, and stress
from 5% to 34% [56-62]. These studies, however, were
conducted before the COVID-19 pandemic. Since then,
several reports have indicated a decline in psychosocial
health among undergraduate students, attributed to factors
such as social isolation [63], decreased physical activity
[64], and uncertainty about the future [65] as a result of
the COVID-19 pandemic. Indeed, in a study of students at
the same postsecondary institution, our research group found
that over half of the students surveyed displayed moderate-to-
extremely severe state anxiety, stress, or depression, and that

state anxiety and stress worsened in students assessed in 2021
compared to 2020 [7].

Digital mindfulness-based interventions have been shown
to improve a variety of psychosocial health indicators in
student populations, including depression, stress, anxiety, and
general mental well-being [66-70]. Like the findings of this
study, in a systematic review and meta-analysis, Chen et al
[33] reported that mobile-device-based mindfulness interven-
tions appeared to significantly improve stress and anxiety but
not depression among postsecondary students. In contrast,
Gong et al [34], Alrashdi et al [36], and Zuo et al [35] found
that online mindfulness interventions improved anxiety,
stress, as well as depression among university students. Thus,
the impact of such mindfulness interventions on depressive
symptoms in this population remains unclear. Nevertheless,
given that online and app-based meditation tools have shown
capacity to improve anxiety and stress severity [32-34,36], the
improvements in state anxiety and stress that we observed
following Calm app use may be related to the collective
content and structure of mindfulness-based apps rather than
being attributable specifically to the Calm app itself. This
is promising as there may be the potential for developing
independent and accessible mobile resources that consider the
unique needs of specific postsecondary populations, which
can be integrated into the current framework of mental health
support available to university students. Nevertheless, further
studies are needed to reinforce relationships demonstrated in
the extant literature.
Sleep Quality in Undergraduate Students
At baseline, over 80% of the control and treatment group
participants exhibited poor sleep quality (indicated by a
PSQI global score >5) [39], with a mean PSQI global
score of 8.2 and 9.5 in the control and treatment groups,
respectively. Over three-quarters of all participants exhibi-
ted insomnia (indicated by a PSQI global score ≥6) [50].
A systematic review of 23 studies conducted before the
COVID-19 pandemic revealed that undergraduate students
typically exhibited poor sleep, with a mean PSQI global
score of 6.3 among the studies [71]. This suggests partici-
pants in our sample displayed worse baseline sleep quality
than what has been reported in the prepandemic literature.
Namely, participants displayed insufficient sleep duration (<7
hours of sleep per night), prolonged sleep onset, increased
sleep disturbances (such as restlessness), heightened reliance
on sleep medication, and increased sleep-related daytime
dysfunction. The presence of elevated state depression,
anxiety, and stress at baseline in our population may aid
in accounting for the poor sleep quality, because evidence
suggests that sleep and mental health influence each other
bidirectionally [23-26,71]. Experiencing depression, anxiety,
and stress during the day may lead to delayed sleep onset
and sleep disruption [71]. Poor sleep may then impair one’s
ability to cope with daytime stressors, and increase maladap-
tive emotional regulation, further exacerbating the experience
of negative emotional states and poor sleep and psychosocial
health over time [26,28,29,71]. Ultimately, such relation-
ships highlight the value of interventions that simultaneously
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target psychosocial health and sleep quality among university
students.

Previous research on the impact of mobile mindfulness-
based interventions on sleep has yielded comparable results to
this study. A recent meta-analysis suggests online mind-
fulness-based interventions can significantly improve sleep
quality among postsecondary students [35]. In 1 study
involving adults with sleep disturbances, the Calm app was
found to significantly reduce fatigue, daytime sleepiness,
and presleep arousal compared to controls [72]. Similarly,
physician assistant students using the Happier app showed
marked improvements in sleep impairment relative to the
control group [73], and a study with university students using
the Calm app revealed a negative correlation between overall
mindfulness and sleep disturbance [74].

Mobile mindfulness interventions may have a multifac-
eted impact on student well-being, positively influencing
both emotional state health and sleep quality. This find-
ing is particularly notable given the complex and interrela-
ted challenges faced by university students, who frequently
experience heightened levels of stress, anxiety, and disrup-
ted sleep. A dual impact is especially valuable in an aca-
demic context, where students often encounter difficulties
in accessing or committing to traditional mental health
resources. Therefore, the integration of mobile mindfulness
interventions could offer a promising avenue for enhancing
overall student well-being and academic performance, thus
contributing to a more holistic approach to mental health
support within higher education settings.
Limitations and Future Directions
Our findings should be considered in the context of certain
limitations. As our sample consisted of students exclusively
from a single university campus in Canada, caution should
be applied when generalizing our findings to the broader
undergraduate population. Participants were not evenly
distributed across demographic categories; there was unequal
representation among genders, years of study, and programs
of study. The timing of data collection in the fall and winter
may have also introduced confounding variables, notably
examination periods and seasonal affective disorder (SAD).
These potential confounders were not controlled, as the
periods in which students are at risk of being impacted by
such factors comprise most of the fall and winter terms
(September to April of each year). Thus, this was impracti-
cal to control in a pilot study. Nevertheless, as these factors
have been found to impact undergraduate psychosocial health
[75-78], future studies should aim to determine the influence
of examination-related stress and SAD on the efficacy of
mobile psychosocial health interventions among students.
Given the pilot nature of this study, recruitment occurred only
during the fall and winter terms (and not the summer term,
which occurs from May to August of each year) to maximize
the number of potential recruits, as the percentage of full-time
students who are taking on-campus classes during the summer
term is lower. This study may have also lacked sufficient
power due to a small sample size, which may have limited the
ability to detect smaller, potentially meaningful differences

in app usage patterns, such as the increased time spent in
specific sections of the app by the winter group. This could
suggest that the positive return on invested in-app time within
certain app sections diminishes beyond a minimum threshold.
Future studies should aim to recruit larger cohorts during the
fall, winter, and summer sessions who are demographically
representative of the broader undergraduate population, to
aid in better understanding the influence of SAD and other
nuances of such mindfulness interventions.

Treatment group adherence must also be considered. Only
54% (20/37) of treatment group participants indicated that
they completed the minimum prescribed weekly interaction
time with the Calm app. Although this self-reported moder-
ate level of adherence was evidently adequate in impacting
psychosocial health and sleep quality, it may have negatively
impacted the strength of associations between the treatment
and outcome measures. This level of engagement is consis-
tent with previous findings; a systematic review of web-
and app-based mindfulness interventions across the general
population, including university student cohorts, reported
a mean adherence rate of 56% (SD 15%), based on the
authors’ established definitions of compliance [79]. Strat-
egies to improve adherence, such as text reminders, have
been positively received among university students [80],
with program reminders being associated with increased
adherence [79]. Without a detailed analysis of the con-
trol group’s measured engagement with alternative coping
strategies (nonadherence) or placebo treatment, it remains
unclear whether these improvements can be attributed solely
to the current treatment. As well, we did not consider whether
participants had previous experience with mindfulness app
usage; this may have impacted participants’ expectations,
and future studies should consider accounting for this. If
feasible, obtaining access to screen time spent on the app
itself, while ensuring confidentiality, would offer a more
direct quantification of adherence. Future studies may benefit
from implementing engagement strategies such as integrated
daily reminders and an active control group.

Given the use of self-reported questionnaires, it must also
be noted that self-report biases, including social desirabil-
ity bias and recall bias, may have impacted our results
[81]. This is particularly relevant for the PSQI and PSS-10,
which require participants to retrospectively report their
sleep habits and feelings of stress over the preceding month
[82]. Additionally, variability in bedtimes and wake-up times
complicates the accurate reporting of typical sleep patterns
and durations [82,83]. The use of a social desirability scale
can improve the validity of self-reports in future investiga-
tions [81]. Finally, as this is a pilot study with a relatively
small sample size, this research is limited by the potential
for bias due to incomplete data, as an intent-to-treat analysis
was not performed. The small sample size itself also reduces
the generalizability of the findings. These results should be
validated through larger-scale preregistered clinical trials to
confirm their robustness.
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Conclusions
The use of the Calm app over a 4-week period resul-
ted in a significant reduction in state anxiety and stress,
while also improving the sleep quality in full-time under-
graduate students attending a Canadian university post-
COVID-19 pandemic. A moderate level of treatment
adherence (54%) suggests that even partial engagement with
a mindfulness-based mobile app may lead to improvements in

state emotional health and sleep quality. Future studies should
explore the effects of mindfulness-based apps across larger
samples while implementing interventions during summer
terms. Direct quantification methods of treatment adherence
may also improve our understanding of these relationships.
This study highlights the potential value of mindfulness-based
apps as a resource to support both the emotional state and
sleep quality of undergraduate students.
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