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Abstract

Background: The mental health crisis among college students intensified amid the COVID-19 pandemic, suggesting an urgent
need for innovative solutions to support them. Previous efforts to address mental health concerns have been constrained, often
due to the underuse or shortage of services. Mobile health (mHealth) technology holds significant potential for providing
resilience-building support and enhancing access to mental health care.

Objective: This study aimed to examine the trends in mental health and well-being outcomes over 3 years among college
students, with an exploratory aim to assess the potential impact of the Roadmap mHealth app on these outcomes.

Methods: A fully automated longitudinal observational study was conducted remotely from alarge public academic ingtitution
in the Midwestern United States, evaluating mental health and well-being outcomes among college students using the Roadmap
mHealth app over 3 fall semesters from 2020 to 2022. The study enrolled 2164 college studentsin Year |, with 1128 and 1033
students returning in Years |1 and 111, respectively. Participants completed various self-reported measures, including the Patient
Health Questionnaire-9 for depression, Generalized Anxiety Disorder-7 for anxiety, and additional metricsfor coping, flourishing,
and loneliness.

Results: The findingsindicated an evolving trajectory in students’ mental health. In Year |, depression and anxiety levels were
higher compared with levelsreported between 2014 and 2019, remaining stableinto Year 1. However, significant decreases were
noted by Year 111 for both depression (Year | mean 7.78, SD 5.65 vs Year 111 mean 6.21, SD 4.68; t,,5=2.90; P=.01) and anxiety

(Year | mean 6.61, SD 4.91 vs Year |1l mean 5.62, SD 4.58; t;,=2.02; P=.046). Problem-focused coping decreased initially
from Year | (mean 2.46, SD 0.58) to Year |1 (mean 2.36, SD 0.60; t;q;,3=—5.87; P<.001), then increased by Year 111 (mean 2.40,
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SD 0.63; t795=2.26; P=.02). Emotion-focused (Year | mean 2.33, SD 0.41 vs Year |1l mean 2.22, SD 0.47; tgg,=—7.47; P<.001)
and avoidant coping (Year | mean 1.76, SD 0.37 vs Year |1l mean 1.65, SD 0.38; tyg;=—8.53; P=.02) consistently decreased.
Loneliness significantly decreased from Year | (mean 5.79, SD 1.74) to Year |1l (mean 5.17, SD 1.78; t,5;5=—10.74; P<.001),
accompanied by an increase in flourishing from Year | (mean 63.78, SD 14.76) to Year 111 (mean 66.98, SD 15.06; tgq,=7.22;

P<.001). Analysis of app usage indicated that the positive piggy bank and gratitude journal were the favored activities. Greater
engagement with the app was positively correlated with enhanced flourishing, even after adjusting for demographic and
sociobehaviora factors (3=.04, SE .016; ts9;,=2.17; P=.03).

Conclusions: In this study, students mental health and well-being improved, with notable reductions in depression, anxiety,
and loneliness, associated with an increase in flourishing. The app did not appear to worsen students’ mental health. Based on
the usage pattern, it is possible the app enhanced positive psychol ogy-based practices. Future research should explore the efficacy
of mHealth interventions through randomized controlled trials to further understand their impact on college students’ mental

health outcomes.
Trial Registration:
International Registered Report Identifier (IRRID):

(J Med Internet Res 2025;27:€67627) doi: 10.2196/67627
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Introduction

Nearly 20 million students are enrolled in colleges across the
United States [1]. During this time, students undergo crucial
psychological and social development [2]. Mental health issues
are prevalent in college student populations, with the peak onset
of mental illness occurring before age 25 [3]. However, early
detection of emerging mental illness before significant
symptoms develop remains limited [4]. Without adequate
attention, at-risk young adults with mental health issues are
more likely to struggle academically (ie, receive lower grand
point averages), drop out of college, or be unemployed compared
with their peers [5-7]. These outcomes may consequently
correlate with increased substance abuse, self-injury, or
suicidality [8-11].

The long-ssmmering mental health crisis in college students
was further exacerbated by the COVID-19 pandemic, which
saw higher levels of depression and anxiety than ever previously
reported [12,13]. Even before the pandemic, the demand for
mental health services was rising [14,15]. Thus, while the
current mental health crisis among college students remains a
major public headth problem, it also presents a unique
opportunity to devel op and test novel interventionsfor providing
psychosocial support to this population. Psychosocial support
refers to interventions aimed at addressing both psychological
and social aspects of mental health, helping individuals cope
with stress, improve their emotional well-being, and develop
supportive social connections [16].

The increase in psychopathol ogy across college campuses has
led to expanded counseling and mental health services[17,18].
However, studentswho stopped attending college dueto mental
health concerns reported not seeking help or experiencing long
wait times[19]. Alarmingly, 80% of studentswho die by suicide
never contact their campus mental health services [20]. Both
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the underuse and shortage of mental health services are
significant issues[21,22]. Mobile health (mHealth) technology
offersanovel approach to overcoming barriers associated with
mental health care delivery [23]. Evidence suggeststhat mHealth
interventions can support various mental health problems, such
as mood disorders, stress, and substance use [24,25]. Focusing
on resilience-building aligns with recent recommendations that
mental health-related mHeal th apps should support well-being,
enhance mood, and foster self-care skills rather than address
specific mental health problems[26]. Mobile health technol ogy
has been shown to be convenient, anonymous, and easy to use

[27].

Our interdisciplinary team developed a positive
psychology-based mHealth app, Roadmap, initialy for use in
patients with cancer and their family caregivers. It wasinitially
designed to provide information, education, and skills-based
training. Over time, it was iteratively enhanced to provide
psychosocial support, that is, the physical, mental, and social
health-related quality of life (HRQOL), for any user and to
aggregate their step counts and sleep, collected through wearable
sensors (Fithits) [28]. The app incorporated principles based on
positive psychol ogy, which emphasizes enhancing individua s
strengths, cultivating gratitude, fostering resilience, and
promoting overal well-being through evidence-based
interventions [29,30]. Based on initial observations from our
earlier deployment of the Roadmap app, we observed specific
patterns in user engagement and feedback regarding the types
and frequencies of self-reported measuresthat were most useful.
Thisinformed our strategic selection of validated measures (eg,
Patient Health Questionnaire-9 (PHQ-9), Generalized Anxiety
Disorder-7 (GAD-7), coping, flourishing, loneliness), as well
as the intervals at which these were administered across the
4-month study design. This approach aimed to optimize the
app’s utility in monitoring and assessing their health outcomes
with app use without excessive burden.

JMed Internet Res 2025 | vol. 27 | 67627 | p. 2
(page number not for citation purposes)


http://dx.doi.org/10.2196/67627
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH

Positive psychology emphasizes enhancing individuals
strengths, cultivating gratitude, fostering resilience, and
promoting overall well-being. Such aframework isparticularly
suitable for college students, as it aligns with crucial
developmental goals during this life stage, such as building
resilience, self-efficacy, and effective coping strategies. College
students are often navigating significant life changes and
stressors, making them an ideal population to benefit from
interventions that focus on positive psychology principles.
Interventions based on these principles have been devel oped to
improve health (eg, physical, mental, social) and well-being
through well-studied constructions (eg, positive daily reflection
[29,30], gratitude [31-34], and savoring [35]). Simple strategies
aimed at enhancing positive thoughts, emotions, and behaviors
have been shown to be effective and highly scalable [36-39].
These strategies have been used in students to support
engagement, learning, and well-being. In fact, an economic
evaluation of positive psychology strategiesthat sought to foster
positive emations, stimulate positive functioning, and reduce
depressive symptoms found that cost-effectiveness was
increased in individual s randomized to the positive psychol ogy
intervention arm compared with the waitlisted usual care group
[40Q]. Thus, the strong evidence base for a positive psychology
framework to enhanceresilience or positive adaptations despite
high-risk or chronic stress provides support for their use in
college students.

In the fall semester of 2020, we leveraged the Roadmap app to
explore HRQOL outcomes among college students [41].
Approximately one-third of students had a mental health
disorder and—qgiven the strict lockdown restrictions in the fall
semester of 2020—studentsrecorded low physical activity levels
(through Fithits). In addition, we found significant associations
of COVID-19 positivity with the use of marijuana and alcohol
and with lower belief in public health measures [42]. With
consent, the same students were invited to participate in the
Roadmap study and report their HRQOL in the following fall
semesters of 2021 and 2022. Based on our initial observations
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[41] and the emerging literature on college student mental health
during the pandemic [43], we posited that our participantswould
report changes in their HRQOL as the pandemic progressed,
specifically across the 3-year study period. We also explored
whether the Roadmap app, apositive psychol ogy-based mHealth
app, might be associated with changes in these HRQOL
outcomes. By examining both the trajectory of HRQOL and the
role of the Roadmap app, our work contributesto understanding
the broader effects of the pandemic on student mental health
and highlights the potential of a mHealth app in supporting
psychological well-being. The primary aim of this study was
to examinethetrendsin mental health and well-being outcomes
over 3 years among college students, with an exploratory aim
to assess the potential impact of the Roadmap mHealth app on
these outcomes.

Methods

Ethical Consider ations

The study was conducted in accordance with the Declaration
of Helsinki (as revised in 2013). The study was approved by
the ingtitutional review board (IRB) of the University of
Michigan Medica School and was registered on
ClinicalTrialsgov  (NCT04766788). Study participants
completed an IRB-approved informed consent through the
SignNow platform [44]. The authors are accountable for all
aspects of the work in ensuring that questions related to the
accuracy or integrity of any part of the work are appropriately
investigated and resolved. There were no deviations from the
registered study on Clinial Trials.gov NCT04766788. In addition,
therewere no deviations from the published protocol manuscript
[41]. Of note, the study was originally intended to last 1 year
(Year 1); however, it was expanded to follow the study
participants over several years, continuing thefollowing 2 years,
designated as Year Il and Year Ill. This was not originally
described in the published protocol manuscript [41]. Please
refer to the study schemain Figure 1.
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Figure 1. Study schemaacrossall 3 years of the study.
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Privacy, Confidentiality, and Compensation

All participant data were anonymized or deidentified to
safeguard participant information. Study participants were
compensated for their participation. In Year |, participants who
completed the baseline and monthly surveysreceived aUS $10
gift card for each survey completed. Each study participant who
enrolled received a Fithit device (valued at US $150) to use
during the study and to keep afterward. Year |l participants
were compensated based on the surveysthey completed, which
varied in length: US $35 for the baseline survey, US $10 for
each monthly survey (up to three surveys), and US $25 for the
exit survey. Participants could earn an additional US$10if they
completed all Year 1l surveys, potentially receiving up to US
$100. In addition, those who chose to share their Fitbit data
were compensated up to US $5 per week for a maximum of 17
weeks (approximately 4 months), totaling up to US $85. Year
Il participants received US $25 for completing a one-time
survey.

Study Site

The study took place at a large public academic institution in
the Midwestern United States. For the safety of participantsand
staff during the pandemic, study activities were conducted
entirely remotely, with study materials shipped to participants
residences. This was a 3-phase longitudinal and observational
study conducted in the fall semesters of 2020, 2021, and 2022,
referredtoas Year I, Year 11, and Year |11, respectively. Notably,
the same cohort of studentswasinvited to participate each year,
beginning from Year |, aside from any participants who had
formally dropped out.

https://www.jmir.org/2025/1/e67627

Recruitment and Enrollment

The research protocol was previously published [41], and
additional information regarding the study design for Year |
can be found in our previous manuscript [42]. Briefly, eligible
participants were required to be college students of at least 18
years of age. Additional eligibility requirementsincluded having
accessto the necessary resourcesfor participating inamHealth
technology-based intervention (ie, smartphone or tablet and
internet access) and being willing to use their personal
equipment and internet for the study.

We recruited the Year | cohort of students in the fall semester
of 2020 through an email distribution channel managed by the
institution and approved by the IRB; this email list initially
reached all currently registered and enrolled college students
in 2020. In addition, we distributed flyers throughout campus
buildings and buses. Interested participants were provided with
additional study information, including an overview of study
procedures, risks, and benefits. If they met the dligibility criteria,
participantswere given adigital IRB-approved informed consent
form. In Year |, there were 2164 participants enrolled in the
study. For Year Il and Year 111, these students were recontacted
in the respective fall semester to complete HRQOL surveys.

Study Procedures

Roadmap and Fitbit apps: In Year |, participantswereinstructed
to download the Roadmap and Fitbit apps to their smartphones
(both free of charge and available on Apple and Google app
stores). Each individual participant was provided with aunique
Roadmap ID in order to access the app. The Roadmap app
offered 8 resilience-based positive activities, previously
described in Rozwadowski et al [28] and provided in Multimedia
Appendix 1. Participants could also engage with each other
anonymously through a Chat Forum (ie, peer-to-peer support)
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on each of these topics. Participantswereinstructed to use these
activitiesas much or aslittle asthey found helpful. In addition,
participants were asked to record their daily mood on a scale
of 1to 10 (1 being the worst and 10 being the best), with a
reminder sent through push notification to their smartphones at
8:00 PM. In Year Il, participants had the option to continue
using the Roadmap activities to monitor their physical activity
and sleep with Fitbits. In Year 11, participants did not have
access to the Roadmap activities.

Sdlf-Reported Assessments

Participants self-reported HRQOL assessments through the
Roadmap app. The Roadmap app provides a link to Qualtrics
(Qualtrics), which hosts study-specific surveys and the secure

Jayarg] et a

storage of participant data. We connected participant surveys
together using their unique ID associated with the Roadmap
app rather than any personally identifiable information. The
survey data collected during Year |, Year I, and Year |11 were
used in this study’s analysis. In Year | and Year 11, the survey
intervals included baseline, Month 1, Month 2, and Month 3;
in Year 111, the survey was collected only at baseline. At the
appropriate intervals, leveraging both Roadmap app reminders
and study team emails, we prompted participants to complete
each survey and provided compensation for each completed
survey. Surveys were scored in accordance with their
standardized scoring and as previously published [42] (Textbox
1).

Textbox 1. List of validated self-reported health-related quality of life assessments used in the surveys.

Coping: We used the 28-item Brief COPE [45], which assesses the self-reported frequency of use of 14 different coping strategies to deal with
aparticular situationally specific life event, including self-distraction, active coping, denial, alcohol and drug use, use of emotional support, use
of instrumental support, behavioral disengagement, venting, positive framing, planning the use of humor, acceptance, and religion. This study’s
analysis followed the subscale analyses provided by Poulus et al 2020 [46].

Flourishing: A 10-item measure with 2-items each in the following categories, that are (1) happiness and life satisfaction; (2) mental and physical
health; (3) meaning and purpose; (4) character and virtue; and (5) close social relationships. A higher score indicates greater flourishing [47].

Loneliness: A 3-item measure assessing isolation, feeling left out, or lacking companionship. A higher scoreis associated with increased loneliness
[48,49].

Anxiety: We used the Generalized Anxiety Disorder-7 scale, a 7-item anxiety assessment commonly used in primary care. Scale scores are
categorized into minimal, mild, moderate, and severe anxiety. An increased score is associated with increased anxiety. Previous studies found
an internal consistency of 0.89 [50].

Depression: We used the Patient Health Questionnaire-9, a 9-item depression assessment commonly used in primary care. Scale scores are
categorized into minimal, mild, moderate, moderately severe, and severe depression. An increased score corresponds to increased depression.
Previous studies have reported an internal consistency of 0.83-0.92 [51].

Statistical Analysis

We analyzed data from the 3 phases, encompassing 2164
studentsin Year |, with 1128 students returning in Year 11 and

https://www.jmir.org/2025/1/e67627

1033 studentsreturningin Year 111. All analyseswere performed
using the statistical software R (version 4.2.3; R Core Team)
and organized in the following manner (Textbox 2).
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Textbox 2. List of statistical analyses performed.

« Descriptive statistics: Descriptive statistics were compiled for categorical variables in terms of frequency and percentage, while continuous
variables were summarized using the mean, SD, median, and IQR. Boxplots were used to depict the median and overall distribution of key
measures. Univariate associations between continuous and demographic variables were evaluated. All tests were at a significance level of .05.

« Normality assessment and univariate analyses. Depending on data normality (assessed with the Shapiro-Wilk test [52]), continuous variables
were compared across 2 categorical variable levels using either 2-sided t tests or Wilcoxon rank-sum tests. For comparisons across 3 or more
levels of categorical variables, ANOVA or Kruskal-Wallis tests [53] were used. Associations between 2 categorical variables were examined
using the chi-square test [54], leveraging the relatively large sample size.

«  Correlational analyses: To assess associations between continuous variables, 2-sided Pearson or Spearman correlations [55] were calculated
based on data normality.

«  Longitudinal analyses: Paired t testswere used to evaluate interyear differencesin outcome means. Correl ation coefficient matriceswere constructed
to illustrate the relationships among continuous outcomes. We separately considered the monthly responses for flourishing in Year | and Year
I1. These analyses used atotal of 6 assessments, given in consecutive months, modeling the current month’s flourishing for months 2, 3, and 4
on the previous month'’s explanatory variables, including app usage. All modelsincluded time-invariant fixed effects for time since the pandemic
peak (year), sex, undergraduate or graduate status, coping scores, and drug use. To account for within-subject dependence, random intercepts
and slopes (year) at the participant level were included.

. Mediation analysis. A directed acyclic graph (DAG) was postulated to relate the key variables of flourishing, depression Patient Health
Questionnaire-9 score), anxiety (Generalized Anxiety Disorder-7 score), and loneliness in the context of pandemic time. Based on this DAG,
separate regression models were specified for flourishing, anxiety, and depression as outcomes. These models considered only baseline data,
modeling the current year's baseline responsein Year Il and Year |11 on the previous year's baseline explanatory variables. We aso conducted
aformal mediation analysis based on this DAG.

« Handling missing data: Missing values for continuous variables, including Patient Health Questionnaire-9 and Generalized Anxiety Disorder-7
scores, were imputed using Multiple Imputation by Chained Equation [56] with predictive mean matching.

«  Exploratory app use analysis: The app use variable was computed as the sum of the frequencies of positive activities, chat forum interactions,
and mood entries.

(Consolidated Standards of Reporting Trials) flow diagram [57]
(Figure 2). The majority of participantsin Year | were White
Student Demographics Based on StUdy Site, (1243/2164, 57%), femae (1467/2164, 68%), and
Recruitment. and Enrollment undergraduates  (1429/2164, 66%). The demographic

' o . characteristicsremained largely consistent acrosstime, with the
Of the 2164 students who participated in Year |, 1128 returned  exception of an increase in those who reported no longer being
inYear |1, and 1033 returned in Year I11. Notably, 755 students  gtydents and a higher proportion of females (Table 1).

participated in al 3 years, as shown in the CONSORT

Results
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Figure2. CONSORT (Consolidated Standards of Reporting Trials) flow diagram for participant recruitment and enrollment, accompanied by a Venn
diagram illustrating student participation across the 3-year study period. Year |: n=2164; Year 1I: n=1128; and Year Ill: n=1033. N=755 students
participated in al 3 phases; n=373 were unique to Year | and Year |1; and n=278 participants were unique to Year | and Year I11.

Received recruitment email
[ Recruitment ] (N=47.907)
[ Declaration of interest ] [ Assess{ijd:;{:]rse;;glbmry ]
Excluded (N = 593)
* Did not meet inclusion criteria (n=7)
* Declined to participate
[ = . ] [ Consent ]
onsen (N=2494)
[ Loss to follow-up (N=330) ]
Year 3
Onboarding 278
) (N=2164) Year 1
Onboarding * Discontinued intervention (n=61) 758
* Participant changed
mind/voluntarily withdrew (n=61)
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Table 1. Demographic breakdown of study participants over 3 years.

Jayarg] et a

Demographics Participant demographics (population, n %) P value?
Year | Year |l Year |11
School year <.001
Undergraduate 1429 (66.04) 544 (48.23) 338(32.72)
Graduate 719 (33.22) 363 (32.19) 269 (26.04)
No longer a student 15 (0.69) 218 (19.32) 426 (41.24)
Not available 1(0.05) 3(0.27) 0(0)
Sex .004
Female 1467 (67.8) 833 (73.87) 740 (71.64)
Male 677 (31.28) 283 (25.09) 283 (27.4)
Other 11 (0.51) 11 (0.98) 9(0.87)
Not available 9(0.42) 1(0.09) 1(0.1)
Race .92
White 1243 (57.44) 643 (57.03) 604 (58.48)
Black or African American 94 (4.34) 40 (3.55) 40 (3.87)
Asian 652 (30.13) 356 (31.56) 309 (29.91)
Multiracial 113 (5.22) 62 (5.5) 55 (5.32)
Other 39(1.8) 18 (1.6) 18 (1.74)
Not available 23 (1.06) 9(0.8) 7 (0.68)
Ethnicity 17
Hispanic or Latino 210 (9.70) 94 (8.33) 81(7.9)
Non-Hispanic or Latino 1949 (90.04) 1029 (91.60) 947 (92.1)
Not available 5(0.23) 5(0.44) 5 (0.48)
Domestic or international .36
Domestic 1996 (92.24) 1027 (91.05) 957 (92.63)
International 163 (7.53) 98 (8.7) 74 (7.16)
Not available 5(0.23) 3(0.27) 2(0.19)
First or continuing generation .83
First generation 541 (25) 290 (25.71) 254 (24.59)
Continuing generation 1617 (74.74) 834 (73.94) 775 (75.01)
Not available 6 (0.28) 4(0.35) 4(0.39)

3P values are representative of a chi-square test performed for the entire study population.

(P<.001), it remained stable between Year | and Year 111 (P=.23)
. 2 but increased from Year Il to Year |1l (P=.02; Figure 3A).
Normality Assessment, Univariate Analyses, and Emotion-focused coping decreased from Year | to Year I
Longitudinal Analyses (P<.001) and from Year | to Year 111 (P<.001) but remained
We examined student coping skills over the 3-year study period  stable between Year |l and Year Ill (P=.65; Figure 3B).
using pairwise comparisons between each pair of years, Avoidant coping decreased across all time points, including
restricted to students who responded in both years. While from Year | to Year || (P<.001), Year | to Year IIl (P<.001),
problem-focused coping decreased from Year | to Year Il and Year Il to Year |11 (P=.02; Figure 3C).

Student Coping Skills Using Descriptive Statistics,
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Figure 3. Coping skills across the 3-year study period. The boxes in each plot depict differences between pairs of phases. Panels (A), (B), and (C)
illustrate problem-focused, emotion-focused, and avoidant coping, respectively.
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. Year I, both significantly declined from Year | to Year Il
Student Mental Health and Well-Being Outcomes  p_ 5 4 p= 046, respectively) and from Year I1 to Year Il

Using Descriptive Statistics, Nor mality Assessment, (P<.001 and P<.001, respectively).
Univariate Analyses, and Longitudinal Analyses

Next, we examined self-reported outcomes of depression
(PHQ-9), anxiety (GAD-7), londliness, and flourishing.
Although there was no change in average depression (Figure
4A) and anxiety symptoms (Figure 4B) between Year | and

The average reported loneliness scores decreased significantly
over the 3 study years (P<.001 acrossall pairwise comparisons;
Figure 5A). This correlated with increased average flourishing
from Year | to Year 111 (P<.001) and from Year Il to Year Il
(P<.001; Figure 5B).

Figure 4. Depression (PHQ-9) and anxiety (GAD-7) across the 3-year study period. GAD-7: Generalized Anxiety Disorder-7; PHQ-9: Patient Health
Questionnaire-9.
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Figure5. Flourishing and loneliness across the 3-year study period.
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Student Flourishing Assessed by L ongitudinal and
Mediation Analyses

Weexplored potential pathwaysto better understand the factors
that may be contributing to changes in students’ flourishing
over time using aseries of multilevel regression analyses guided
by adirected acyclic graph (Figure 6). We found that students’
flourishing improved significantly with time from the peak of
the pandemic (B=.13). This improvement was partialy

Flourishing score

Jayarg] et a

B
P value= .85 P valug= .001 P valug= .001
= o
=]
3
o4 — _E_ : _—
! ! !
i ! !
I 1
; | |
g e Ve
1 : :
1 1 1
I | :
i i —
o : 8
: 5 :
8
a 8
o
I

2-1

Time

influenced by loneliness and depression. That is, in any given
year, students with more loneliness or more depression had
lower flourishing (B=—169 and —071, respectively), while
average loneliness, anxiety, and depression also decreased with
the passage of time (f=—.127, —229, and —.145, respectively).
Although aformal mediation analysis confirmed the mediating
role of loneliness on flourishing, anxiety and depression were
not significant mediators of the relationship between pandemic
year or severity and flourishing (Multimedia Appendix 2).

Figure 6. Potential pathways influencing student flourishing. We summarize the multilevel models, where the endpoints of the arrows represent the
outcomes, and the starting points indicate the predictors. All predictors in the models are lagged by 1 year, allowing them to forecast the outcomesin
the subsequent year. Solid lines with asterisks denote significant P values, while dashed lines indicate nonsignificant P values. The 3 symbol represents

the estimated value in the respective model.
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Exploratory App Use Analysis frequently used activitieswere positive piggy bank and gratitude

Next, we examined student app usage patterns over the study journgl, follgwed by pleasant activity scheduli_ng,_savori ng, and
period. As shown in the UpSet plot (Figure 7), the 2 most ©19e0ing with beauty. The least favored activities were love
letters, signature strengths, and random acts of kindness.

Figure 7. UpSet plot for activity engagement patternsin Year | and Year I1.
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Single activity usage was the most common (ie, only used that
activity and none of the otherswithina“single’ session of using
the app), but notable combinations included students who used
both positive piggy bank and gratitude journaling. Smaller
intersectionsincluded combinations, such as (1) pleasant activity
scheduling and gratitude journal; (2) engaging with beauty and
gratitude journal and positive piggy bank; and (3) savoring
gratitude journal and positive piggy bank.

This UpSet plot visualizes the intersection of the positive
activities engaged by students using the app in Year | and Year
I1. The x-axis represents unique combinations of activities, while
the y-axis indicates the number of users for each combination.
Of note, single app usage is represented by the set size on the
left: “Positive piggy bank” (431 unique users) and “Gratitude

https://www.jmir.org/2025/1/e67627
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journal” (402 unique users). Other activitiesincluded “ Pleasant
activity scheduling” (227 users), “Savoring” (205 users), and
“Engaging with beauty” (184 users). “Love letter” (78 users)
and “ Signature strengths” (74 users) had moderate engagement,
while“Random acts of kindness” (66 users) weretheleast used.

Based on the above findings, we wereinterested in determining
whether app use correlated with improved flourishing in the
subsequent month. After adjusting for demographic and
sociobehavioral characteristicsin alongitudinal analysis, more
frequent app use was associ ated with greater flourishing (P=.03).
For example, implied by Table 2, 30 instances of app use was
associated with anearly 1-unit increase on theflourishing scale.
This table presents the estimates and P values for the fixed
effects in the mixed effects model.
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Table 2. Fixed effects results from mixed effects model.

Variables Estimate P value
Problem-focused coping lagged 3.062 <.001
Emotion-focused coping lagged -0.870 .08
Avoidant coping lagged -1.843 <.001
PHQ-9? score lagged -0.213 <.001
GAD-7P score lagged -1151 <.001
Loneliness score lagged -1.483 <.001
Age .051 .38
App usage .035 .03
School year

Undergraduate Reference Reference

Graduate 1.726 <.001

No longer a student 1.090 .16
Sex

Female Reference Reference

Male 0.470 .38

Other 0.533 .84
Ethnicity

No Reference Reference

Yes 1.262 .18

International status

Domestic Reference Reference

International 2451 .01
Generation

Continuing generation Reference Reference

First generation -1.025 .07

Tobacco history
No Reference Reference
Yes 0.086 91

Marijuana history

No Reference Reference

Yes —0.646 .18
Vaping history

No Reference Reference

Yes —0.683 21

Alcohol history
No Reference Reference
Yes 0.020 97
COVID-19 diagnosis
No Reference Reference
Yes -0.115 .93

Mental condition

https://www.jmir.org/2025/1/e67627 JMed Internet Res 2025 | vol. 27 | e67627 | p. 12
(page number not for citation purposes)

RenderX


http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH

Jayarg] et a

Variables Estimate P value
No Reference Reference
Yes —4.724 <.001
Race
White Reference Reference
Asian -3.167 <.001
Black -2.752 .02
American Indian and Alaska Native 6.892 .20
Multiple -0.967 .36
Other -1.121 .56
Year
2020 Reference Reference
2021 1.941 <.001
Month
October Reference Reference
November 0.820 .005
December 0.500 .10

3PHQ-9: Patient Health Questionnaire-9.
PGAD-7: Generalized Anxiety Disorder-7.

Discussion

Principal Findings

The main finding of this study was the reporting of sustained
yet evolving mental health challenges among college students
over the 3 years. Depression and anxiety levels of our student
population were higher than previously reported levels
[12,13,58]; they remained consistent between Year | and Year
I (2020-2021) but showed significant improvements by Year
[l (2022). This trend suggests a potential period of initial
adjustmentsto the pandemic’sdisruptions, followed by gradual
mental health recovery as students adapted to the new norms
and reduced pandemic-related stressors. Before vaccination,
students experienced amultitude of changesrelated to pandemic
restrictions, including lockdowns and stay-at-home orders,
remote learning mandates, travel bans, socia distancing
measures, mask mandates, and closure of nonessential
businesses [59].

Building on our previous work [41,42], the initial cohort of
college students from the 2020 mHealth Roadmap Study were
invited to participate in 2 subsegquent semesters in the Fall of
2021 and 2022. Leveraging the use of mHealth technology, we
longitudinally followed their mental health and well-being
outcomes during a historically unprecedented period marked
by ongoing global challenges [13]. In this study, we observed
changesin student coping strategies over time. Problem-focused
coping initially decreased but then increased between Year Il
and Year |11. Emotion-focused coping consistently decreased
from Year |, while avoidant coping showed a steady decline
acrossall time points. These adaptive shifts suggest that students
may have developed new strategies to manage themselves. It
is possible that the type of coping strategy employed may

https://www.jmir.org/2025/1/e67627

influence mental health outcomes, as previously discussed [60].
A notable and encouraging finding in this study was the
significant decrease in reported feelings of loneliness, which
was associated with increases in flourishing across the study
period. Thissuggeststhat students may have reestablished social
connections, possibly through remote platforms initially,
mHealth technology, and later in-person interactions as
restrictions ease.

Students engaged with the Roadmap app with a strong
preference for activities focusing on personal reflection, such
as a Positive piggy bank and gratitude journal. Our findings
suggest that app use may have positively impacted flourishing,
which correlated with increased problem-focused coping and
reduced avoidant coping. Reduced levels of depression, anxiety,
and loneliness may have also played key roles.

Possible M echanisms

Counter to our initial hypothesis that mental health outcomes
and well-being would worsen over the 3-year study period, our
study revealed that, even amid the challenges posed by the
pandemic, students reported significant improvements in
flourishing over the 3-year period. Flourishing, a term that
encapsulates functioning in a manner conducive to growth,
resilience, and overall goodness, provides key insights into
mental health viewed in a positive manner [61]. This concept
aligns with aspects of well-being, including elements such as
purpose in life, meaningful relationships, and optimism. Thus,
we sought to understand possible mechanisms explaining the
link between time from pandemic severity, depression, anxiety,
loneliness, and flourishing.

Our data showed that the passage of time from the peak of the
pandemic corresponded with higher levels of flourishing.
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Furthermore, this increased duration was also associated with
decreased feelings of loneliness, anxiety, and depression. An
increase in flourishing was partialy influenced by lower levels
of loneliness and depression in the regression model.
Interestingly, the mediation analysis only supported the role of
loneliness partially mediating increased flourishing, whereas
anxiety and depression did not significantly impact the
relationship between time since the pandemic’'s peak and
flourishing. While anxiety had a direct negative effect on
depression, anxiety did not influenceloneliness. These findings
align with ongoing debates about the causal relationships and
comorbidity between anxiety and depression [62], as well as
their interplay with loneliness [63]. Accordingly, there may be
additional factors between loneliness and the constructs of
anxiety and depression that were not captured by this study.

Our findings suggest that the time elapsed since the early days
of the pandemic may have directly influenced students
flourishing, possibly due to reasons such as increased rates of
vaccination, increased opportunities for social interaction with
lifts on social restrictions and mask mandates, and return to
in-person classroom settings. It is also possible that app use
may have contributed to some of our observationswhen students
had access to the Roadmap’s positive activities in Year | and
Year Il of the study. During the early period of social
restrictions, mHealth technology may have offered an avenue
for students to re-establish social connections and practice
simple strategies through well-studied constructs, such as
positive daily reflection, gratitude, and savoring.

Comparison with Previous Studies

Previous studies have shown that emotion-focused coping (eg,
acceptance, religion, and social support) is associated with
improved psychological adjustment, while avoidant coping is
linked with increased distress. Problem-focused coping is less
used in unpredictabl e events [64,65] but correlates with positive
outcomes [66]. Early in the pandemic, studies indicate that
students primarily used emotion-focused coping strategies
[65,67,68]. Contrary to these findings, our study participants
reported decreased use of problem-focused, emotion-focused,
and avoidant coping strategies in the pandemic year (2020).
This decline may reflect the widespread use of disengagement
strategies at the pandemic’'s peak. Over time, students in our
study reported a decline in avoidant coping with changes in
problem-focused and emotion-focused coping, aligning with
other recent pandemic-related studies [65,67,68].

The coping patterns observed herein correlated with an overall
decline in depression and anxiety symptoms across each
subsequent year of the study. Studi es have shown varied findings
regarding student psychological distress during the pandemic,
with some reporting positive self-efficacy in online learning
[69]. However, during the same period (2020-2022), a large
national survey of college student mental health (Healthy Minds
Network) reported increasesin the percentages of studentswith
elevated depression and anxiety scores (PHQ-9: 18%-23%;
GAD-7: 31%-37%) [58]. Although we acknowledge differences
in participant pools, our study followed the same cohort across
the 3 years, while the Healthy Minds Network recruits new
students annually; a notable difference isthat our students had
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accessto apositive psychol ogy—based mHeal th app (Roadmap).
In contrast, to our knowledge, access to mHealth app support
in the Healthy Minds Network population is not known.

Students who engaged with the Roadmap app favored activities
that focused on persona reflection and mindfulness (ie,
inward-facing), such as the positive piggy bank and gratitude
journal. A recent study showed that mindfulness meditation
delivered through mHealth was an approach used by college
students to reduce stress and improve mindfulness and
self-compassion [70]. Interestingly, we observed lower
engagement in activities, such as random acts of kindness or
love letters, which involved interaction with others or had an
external focus (ie, “outward-facing”). It is possible that during
periods of strict lockdown and social distancing, activities
requiring physical interaction or outward expressions of
kindness, like random acts of kindness or writing love letters,
may have been perceived as difficult or impractical. The
pandemic created barriers, particularly at colleges, to social
interactions, making it harder for studentsto engagein activities
that relied on direct, personal contact or social exchange [71].
During significant life transitions, of both university life aswell
asthe COVID-19 pandemic, it is possible students favored more
inward-facing strategies to support their well-being rather than
prosocial, outward-facing strategies [72].

Public Health Impact

Theliterature suggests that the pandemic may have exacerbated
mental health challenges among college students, a population
already experiencing increased reports of anxiety, depression,
and stress. The experience of social isolation, particularly during
acrucia period of social interactions and development growth
as emerging adults, may have led to poorer management of
other aspects of well-being. Understanding these trends and
identifying groups with increased prevalence are crucia for
developing novel approaches to mental health care aimed at
effectively addressing these issues. To mitigate these challenges,
the adoption of novel mHealth technol ogies through smartphone
apps has significantly accelerated over the past severa years
[73]. Such technologies, as leveraged in this study, hold great
potential to fundamentally address mental health challenges,
particularly in college students [74].

Limitations

This study had several limitations. Students were self-selected
to be in this study, which was meant to focus on positive
psychol ogy-based strategies to enhance mental health. It relied
on self-report surveysto collect information about mental health
and well-being, and the majority of participants were female.
Approximately one-third of the initial participants did not take
part in subsequent years of the study (ie, lost to follow-up). In
addition, as we followed students over the course of 3 years,
some graduated and were no longer on campus, potentially
reducing their accessto college resources. It isimportant to note
that our findings are specific to students from a single
Midwestern location and may not be generalizable to other
regions or student populations. For example, certain
demographic groups might be underrepresented or
overrepresented due to the college’s location in the Midwest.
We did not collect data on participants ongoing or concurrent
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mental health treatments or medications. Finaly, we
acknowledgethelack of afully powered, randomized controlled
trial design. Despite these limitations, this study constitutes a
large-scale, longitudinal study conducted during an
unprecedented time, providing valuable insightsinto the mental
health challenges of college students.

Conclusions

This longitudinal study of college students observed a decline
in average loneliness, depression, and anxiety with increasing
time from the pandemic peak that coincided with increased

Jayarg] et a

flourishing. This increased flourishing was partially but not
fully explained by improved loneliness, anxiety, and depression.
Students had access to a positive psychology-based app and
used variable coping strategies during the study. Future research
should examine the efficacy of the Roadmap app through a
randomized controlled trial, using arobust study design to assess
its impact on mental health outcomes. To our knowledge, this
study did not produce any unintended consequences through
student participation. There were no privacy breaches or
technical problems during the study that may have impacted
the outcomes.
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