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Assingle-center assessment of mental
health and well-being in abiomedical
sciences graduate program

M Check for updates

Adiversity of factors influence student mental health, arguing for the importance of longitudinal
monitoring of, and accountability for, student mental health at graduate institutions.

ecent articles have shed light on

the growing crisis of mental health

problems in graduate schools'”.

Emerging literature suggests men-

tal health concerns affect up to 37
to 47% of graduate students in STEM, versus
18.5% of adults from the general US popula-
tion>”, while a recent systematic review has
placedrates of anxiety and depression among
graduate students at 24% and 17%, respec-
tively®. Concerningly, only 36% of respondents
in one survey reported seeking help for men-
tal health concerns caused by their graduate
work’. Not only do these surveys and reports
underscore the many challenges from which
mental health struggles may stem, but they
alsoemphasize the diverse and multifactorial
nature of mental well-being, including men-
torship, career prospects, social support and
financial security. Despite these recent efforts
to investigate the extent of the problem,
there is a dearth of longitudinal studies that
include rigorous mental health assessment
instruments, collect dataon factors that con-
tribute to mental health throughout graduate
education, and describe areas for effective
intervention'",

On 11 March 2020, the World Health Or-
ganization declared the novel coronavirus
(SARS-CoV-2) outbreak a global pandemic.
In addition to preexisting challenges, gradu-
ate students’ mental health concerns were
further exacerbated by the pandemic®. One
survey using the Generalized Anxiety Disor-
der 2-item and Patient Health Questionnaire
2 to screen for symptoms of anxiety and
depression found that, in mid-2019, 26% of
graduate students had signs of anxiety and
15% showed depression symptoms, which
increased inmid-2020to 39% and 32%, respec-
tively'?. COVID-19-associated lockdowns,
social distancing and unemployment were in

part driving these increases™. Additionally,
transition to remote instruction and lack of
access to laboratories during the lockdowns
increased anxiety in biomedical researchgrad-
uate students'”. Other studies have identified
mental health changes during the pandemicto
be transient and “statistically small,” with the
increase in mental illness symptoms subsid-
ing by July 2020 (refs.16,17). More efforts are
needed to clarify the nature and persistence of
mental health challenges to graduate students
throughout the pandemic.

Current literature also highlights the lack
of implementation and evaluation of inter-
ventions toimprove graduate student mental
health®. A recent study showed that doctoral
program phase affected student well-being
and motivation, with stress being highest
during comprehensive exams and motiva-
tion being lowest during the dissertation
phase’®. Several independent surveys and
task forces have set out to systematically
identify areas of intervention and recommend
evidence-based initiatives toimprove student
well-being®>". A student-led group at the
Mayo Clinic Graduate School of Biomedical
Sciences (MCGSBS) sought toidentify student
mental health challenges and programmatic
shortcomings at our institution. Ultimately,
these efforts are directed toward creating
positive change through evidence-based
intervention. Here, we assess a range of
overall well-being measures in this student
population before and after the onset of the
COVID-19 pandemic.

Measures

Dependent variables. Two dependent
variables were selected for the 2019 survey,
life satisfaction and depression, while the
2020 and 2021 surveys added anxiety as a
third dependent variable. Life satisfaction

was measured using the Satisfaction with
Life scale?®. Depression was measured using
the Center for Epidemiologic Studies Depres-
sion Scale (CESD-R)?. Anxiety was measured
using the General Anxiety Disorder-7 (GAD-7)
scale’>. Measures were treated as dichotomous
or categorical variables; detailed scoring is
providedin Supplementary Table 1.

Independent variables. Independent vari-
ables included satisfaction with mentorship
and advising, food insecurity, financial confi-
dence, career prospects and social support.
In 2020 and 2021, food insecurity was meas-
ured using asix-item version of the US Depart-
ment of Agriculture’s (USDA) food security
survey”. Social support was measured using
the Interpersonal Support Evaluation List
(ISEL-12)*, To assess additional independent
variables, anumerical Likert scale was used for
University of California survey questions with
agreement scale responses from "Strongly
disagree” (1) to “Strongly agree” (7). The agree-
ment scale scores for each subsection were
summed; detailed scoring is provided in Sup-
plementary Table 1.

Statistical analyses. All figures and tables
were generated using GraphPad Prism and
R 4.0.3. The minimal-risk IRB classification
did not allow tracking students longitudi-
nally, and each survey year instead collected
arandom convenience sampling. The SciPy
Statistical Functions package was used to
compute chi-squared tests for independ-
ence for the following variables: (i) depres-
sion changes pre- and post-pandemic onset
for all students, women and LGBTQ+ stu-
dents; (ii) changes in perceived social sup-
port pre-and post-pandemic; (iii) association
between candidacy status and depression;
and (iv) association between candidacy
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healthcare utilization by peers, e, Percentage of respondents knowledgeable
about mental healthcare resources. Data on anxiety and NSF URM classification
were not collected in 2019.

status and anxiety. A Bonferroni correction
was applied to correct for multiple testing
(a=0.0083). To identify which survey meas-
ures correlated with the main outcome meas-
ures (depression, anxiety, life satisfaction), we
constructed a multivariable logistic regres-
sion model for each main outcome variable.
Covariates with highly imbalanced classes
(<10 responses for the minor class) were
excluded. Respondents with missing values
were omitted from the analysis, with 106,107
and 117 responses used in the final models for
2019,2020 and 2021, respectively. The follow-
ing covariates were included in the model:
gender, LGBTQ+ status, NSF URM status,
year of study, financial confidence, program
climate, mentorship and advising satisfac-
tion, career prospects, overall health and aca-
demic progress. Food insecurity wasincluded
in logistic regression modeling for 2020
and 2021.

Results
A comprehensive well-being assessment sur-
vey was sent to 306 graduate studentsin 2019,

343 studentsin2020 and 364 studentsin2021.
Responseratesfor these three years were 42%,
37% and 35% respectively. Descriptive char-
acteristics of the respondent population are
provided in Supplementary Table 2.

Depression and anxiety prevalence among
MCGSBS respondents. Our results showed
that 21% of 2019 respondents, 28% of 2020
respondents and 23% of 2021 respondents
presented with symptoms of depression,
measured using the CESD-R scale (Fig. 1a).
While pre-pandemic anxiety data are not
available, 36% of 2020 respondents and 38%
of 2021 respondents had symptoms of anxi-
ety, measured using the GAD-7 scale (Fig.1b).
Women and LGBTQ+ respondents reported
higher rates of depression and anxiety symp-
toms than their peersinall survey years (Fig.1).
We also note that, from 2020 to 2021, rates of
depression and anxiety symptoms increased
for NSF URM respondents, though NSF URM
status was not a significant correlate of anxi-
ety or depression statusinlogistic regression
(Supplementary Tables 5and 6).

Pre- and post-pandemic changes. Survey
data from 2019 indicates that symptoms of
depression and life satisfaction were not sig-
nificantly different pre- and post-pandemic
onset (P=0.47 and P=0.75). Thisincrease was
not distributed evenly across demographic
groups: female respondents reporting symp-
toms of depression increased from 15% in
2019t029%in 2020, though thisincrease was
not statistically significant (P = 0.09). Simi-
larly, symptoms of depression for LGBTQ+
individuals were not significantly different
pre- and post-pandemic (P = 0.94). Lastly,
students’ perceived social support remained
stablearound 90% before and after pandemic
onset (P=0.19).

Treatment gap in MCGSBS respondents.
Next, we wanted to better understand mental
healthcare utilizationin our respondents. In
total, 40% of students in 2019 with symptoms
of depression, 43%in 2020 with symptoms of
depression or anxiety, and 47% of respond-
entsin 2021 with symptoms of depression or
anxiety had not sought mental healthcarein
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anxiety datawere not collected in 2019.

the past year (Fig. 1c). This may constitute a
‘treatment gap’ in which respondents expe-
riencing symptoms of depression or anxiety
are not using available resources. Respond-
ents were asked to estimate the proportion
oftheir peers actively seeking mental health-
care, and respondents reporting symptoms
of depression or anxiety consistently under-
estimated this percentage, estimating 36%,
42% and 43% of peers were seeking mental
healthcare for 2019-2021 (Fig. 1d) as com-
pared to the true proportions of 60%, 57%
and 53% (Fig. 1c). Fewer respondents report-
ing symptoms of depression or anxiety knew
how to access mental health resources, as
compared torespondents who did notreport
symptoms, across all years (Fig. 1e), suggest-
ing communication of available resources as
acontributing factor in this observed treat-
ment gap.

Well-being outcomes vary across program
stages. To evaluate the association of pro-
gramstage onwell-being outcomes, respond-
ents were grouped by year of study. Symptoms
of depression appeared to correlate with
programyearin 2019 and 2021, whilein 2020
symptoms of depression peaked in third-year

respondents (Fig. 2a). The percentage of
respondents with symptoms of anxiety was
highest in third-year respondents and lower
in later-stage respondents in 2020 and
2021 (Fig. 2b). Life satisfaction was lowest
in third-year respondents in 2019 and 2020
(Fig. 2c). While the third year of study often
coincides with the timing of student candi-
dacy exams, we did not observe a significant
association between symptoms of depression
(P=0.10) or anxiety (P=0.99) and candidacy
status. Nevertheless, these data indicate a
potential association between program stage
and well-being outcomesin MCGSBS respond-
ents and suggests that the middle years of
graduate study may be a time of increased
mental health burden.

Food security correlates with well-being
outcomes. Our results showed 11% of respond-
ents experienced food insecurity in 2020,
which more than doubled to25%in 2021, with
women and LGBTQ+ respondents reporting
higher rates of food insecurity and men and
international respondents reporting lower
rates (Fig. 2d). In 2020 and 2021, food-secure
respondents were more than twice as likely
to report financial confidence compared

to food-insecure respondents (Fig. 2e).
Food-secure respondents reported higher life
satisfaction, fewer symptoms of depression
and anxiety, higher satisfaction with mentor-
ship, more optimism about career prospects
and higher perceived availability of social sup-
port,as compared to food-insecure respond-
ents (Fig. 2f). Despite this, food insecurity was
not a significant covariate of life satisfaction
or of symptoms of depression or anxiety (Sup-
plementary Tables 4-6), indicating a role of
other factors influencing food insecurity and
mental health.

Overall health is a strong correlate with
depression and anxiety. Multivariable logis-
tic regression identified overall health as the
only significant correlate of depression and
anxiety. Better overall health was associated
with lower odds of depression and anxiety
symptoms for all three years while also being
associated with increased life satisfaction in
2019 (Supplementary Table 3). Academic pro-
gresswas the only covariate to be significantly
associated with life satisfactionacross all three
survey years, while financial confidence was
asignificant correlatein 2019 and 2020 (Sup-
plementary Table 3).
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Discussion

Several studies over the past decade haveiden-
tified a high prevalence of mental illness in
graduate student populations®”, but there has
beenalack ofinvestigationinto the causes. Our
study identified specific correlates of mental
illness and describes theimpact of the COVID-
19 pandemic. The main novel findings of this
study are as follows: (i) Graduate students
continue to experience high mental illness
prevalence, with23% of respondents reporting
symptoms of depressionand 36% of respond-
entsreporting symptoms of anxiety in2021; (ii)
studentsunderestimate the proportion of their
peers seeking mental healthcare; (iii) asubset
of students may be unaware of where to seek
mental healthcare; (iv) food-insecure students
demonstrated greater mental health burden
andreported lower life satisfaction relative to
their peers; and (v) rates of food insecurity in
our student population doubled between2020
and 2021. Therates of anxiety and depression
identified in this graduate student population
rankabove thosein the general US population.
Depression rates in US adults are estimated
at 8.1% while up to 15.6% of US adults are esti-
mated to experience anxiety**?. Our findings
forgraduate students are consistent with other
studies, which report depression prevalence
from 24 to 39% and anxiety prevalence from
17 to 41%>*. Additionally, we report 25% of
respondents demonstrated low or very low
food security in 2021, more than double the
10.5% of American households estimated to
be food insecure by the USDA*, These find-
ings point to continuing trends of graduate
students suffering from a high mental health
burden and high rates of food insecurity.

Outcomes before and after pandemic
onset. While more respondents reported
symptoms of depression in 2020 than 2019
and 2021, this change was not statistically
significant. Furthermore, we did not observe
significant changes in mental health within
LGBTQ+ or female respondents, nor did we
observe changes in perceived social support
before and after the pandemic onset. Previ-
ous work has shown mixed results regard-
ing pandemic-related changes in mental
health?**°, although a meta-analysis found
thattransientincreasesin mentalillness symp-
toms decreased by May-July 2020 (ref. 16).

Demographics correlate with mental health
challenges. Female and LGBTQ+ respond-
ents reported higher levels of anxiety and
depression symptoms and of food insecurity
relative to their peers. Logistic regression

also identified gender and LGBTQ+ status as
significant correlates of mental health status
in2019 and 2021, respectively. Anabundance
of previous work shows women and LGBTQ+
individuals suffer higher rates of anxiety and
depression than non-LGBTQ+ individuals or
men®~*, and graduate students are no excep-
tion to this trend***¥. These findings empha-
size that mental health burdensare not evenly
distributed within graduate student popula-
tions, and interventions designed to alleviate
the mental health burden must consider the
heterogeneous needs of these individuals.

Destigmatizing mental illness. This work
identified an unmet mental healthcare need
ortreatment gap in this populationand deline-
ates the need to better empower students to
seek mental healthcare. Recent student-led
initiatives at our institution have hosted grad-
uate trainees to discuss their mental health
experiences and have outlined the process
of self-assessing mental health needs and
identifying local mental health providers.
Empowering students to seek care may also
require educators and program directors to
smooth administrative hurdles that dissuade
students from accessing care — for example,
developing clear leave-of-absence policies
for students who need to escalate care and
communicating the importance of proactive
mental healthcare. The goal of suchinterven-
tions is not to ask faculty to serve as mental
healthcare providers, but rather to ensure that
they can support mentees in their search for
mental healthcare.

Food insecurity and health correlate with
mental health. Overall health was the main
covariate associated with symptoms of
depression and anxiety, a well-documented
relationship®**°. An additional component
of physical healthis access to adequate nutri-
tion, and our findings demonstrate that 25%
respondents reported food insecurity in2021.
Theseresults are comparable to those of other
reports: 29% of graduate students from the
University of California reported food inse-
curity in 2017 (ref. 3), while more recent work
from the State University of New York at
Albany found 40.3% of respondents report
food insecurity®. At our institution, LGBTQ+
and URM respondents faced higher levels of
food insecurity than their peers, which has
been observed in other studies®, a phenom-
enonthatsuggests thataddressing food inse-
curity may improve recruitment and retention
of under-represented graduate students.
Food-insecure respondents reported more

mental illness symptoms, lower satisfaction
with mentorship, and lower perceived career
prospects, consistent with other recent stud-
ies®*!, This suggests that providing adequate
nutritional and financial support is vital to
ensuring the health of students and the reten-
tion of adiverse trainee workforce.

Evidence for a ‘third year slump’. Many stu-
dents consider the middle years of graduate
school to be among the most difficult, col-
loquially calling this the ‘third-year slump’.
Third-year studentsin2019 and 2020 reported
more symptoms of depression and lower life
satisfaction thantheir peers, while anxiety was
highest in third-year respondents for 2020
and 2021. Although year of study or candidacy
status were not significant covariates in our
logistic modeling, these findings suggest that
the third year of study may present unique
obstacles to student well-being. Other stud-
ies have identified program stage as signifi-
cantlyinfluencing student stress and program
satisfaction'®, and further work is needed to
examine the effect of program year on student
mental health.

Study limitations. The design of our study
did nottrackindividual students across years,
and changes in survey measures from year
to year may therefore derive from a differ-
ent pool of respondents rather than changes
inindividuals. Additionally, the majority of
responses were from female respondents
(65% of respondents in 2021). While US adult
women have been observed to have higher
rates of anxiety and depression than men®-,
the higher response rate among women may
be the result of a greater willingness to dis-
cuss mental health*>**, To refine our survey
methodology, we made adjustments to several
survey measures after 2019, and these changes
limit our ability to assess food insecurity, anxi-
ety and URM student well-being measures
before and after the pandemic onset. Lastly,
given the smallsize of our graduate program,
wewerenotableto collectalarge enoughsam-
ple to report details for some groups — for
example, transgender or nonbinary students.
Despite these limitations, our study repre-
sents a nuanced insight into mental health
changes at a graduate institution, capturing
responses before and after the pandemic
onset while identifying factors influencing
student mental health.

Future work: guiding mental health inter-
ventions. We are continuing this survey
annually at our institution, both to evaluate
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longitudinal changes in student mental health
and to monitor the impact of interventions
designed to promote mental healthcare utili-
zation and address food insecurity. This sur-
vey tool will support the implementation of
well-being programs and advocacy work to
benefit students, and we believe this proactive
monitoring can be a useful example for other
graduate programs as they attempt toimprove
the mental health and overall well-being of
their student bodies. Importantly, this work
also has lessons for administrators and men-
tors, whoshould recognize that students face
outsized mental health needs as compared to
the background US population. While faculty
arenot mental health providers, they nonethe-
less have avitalroleinreducing stressors and
supporting student access to mental health-
careresources.

Conclusions

While our work represents a single-institution
assessment, thisreportis nonethelessimpor-
tant to demonstrate the diversity of factors
influencing student mental health and ar-
gues for the importance of longitudinal
monitoring of, and accountability for, stu-
dent mental health at graduate institutions.
Crucially, this work was student-initiated and
student-driven: this allowed peer-to-peer
communicationto play aroleintransparently
disseminating survey results and implement-
inganarray of possibleinterventions. Further
workis neededtoreplicate this work at other
institutions and determine other possible
factors that have influenced student men-
tal health before and after the onset of the
COVID-19 pandemic.

Methods

Participants. We invited all MCGSBS mas-
ter’s, PhD and MD/PhD students in the PhD
phase of their study to participate in the sur-
veys. The 2019 survey included students at
the Rochester, Minnesota and Jacksonville,
Floridacampuses, whereasthe 2020 and 2021
surveysalsoincluded the Scottsdale, Arizona
campus. Ethics approval was obtained from
Mayo Clinic’sinstitutional review board, which
deemed this study minimal risk (IRB number:
19-009974). Allindividuals provided informed
consent to be included in the study before
completing the survey. We assessed demo-
graphic subpopulations within the student
body: women; international students; lesbian,
gay, bisexual, transgender and questioning
(LGBTQ+) students; and under-represented
racial and ethnic minorities as defined by the
National Science Foundation (NSF URM).

Instrument development. A survey design
team composed of students and faculty
advisers adapted the Graduate Student
Well-Being Survey published by the University
of California Office of the President’ for use at
MCGSBS. Minimal edits were made to the sur-
vey demographic questions to adapt the sur-
veyinstrument to the MCGSBS program. After
the first survey was administered in 2019, sev-
eral changes were made to the survey design
to (i) add the GAD-7 anxiety assessment, (ii)
replace the food insecurity measure used
by the University of California with the vali-
dated USDA six-item scale, and (iii) add a sec-
tionto assess respondent under-represented
minority status as defined by the NSF.
Appropriate copyright permissions were
obtained from the University of California,
and a full list of the 153 survey questions
can be found at https://college.mayo.edu/
media/mccms/content-assets/academics/
biomedical-research-training/phd-program/
student-life/student-organizations/2020-
MCGSBS-Wellbeing-Survey.pdf. A full list of
validated measures used in thissurvey canbe
found in Supplementary Table1.

Survey administration. The survey was
advertised to MCGSBS students via e-mail
announcements and informational sessions
hosted by the survey design team, all of whom
completed human subjects protection train-
ing. Survey responses were collected using
Qualtrix (Provo, UT, USA). All surveys were
administered in early November.
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