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Abstract
Objective
Identifying associations between individual characteristics, psychological history, academic stressors, and
the trajectory of generalized anxiety disorder symptoms in a college cohort may provide insight into the
design of mental health interventions.

Method
We recruited first-year undergraduate students between the ages of 18-24 at a university in the
northeastern United States. Following consent, enrolled participants completed surveys between October
21, 2022 - December 12, 2022 on self-reported exposures to potentially traumatic life events, mental
health history, and stressors. The main outcomes of interest were the occurrence, persistence,
development, and reduction in generalized anxiety disorder (GAD) symptoms using the Generalized
Anxiety Disorder Questionnaire (GAD-7).

Results
A previous anxiety disorder diagnosis was associated with occurrence (adjusted odds ratio [AOR], 2.10;
95% CI, 1.51-2.93), persistence (incidence rate ratio [IRR], 1.64; 95% CI, 1.29-2.09), and duration of
GAD symptoms during the study (IRR, 2.90; 95% CI, 1.30-6.46). Prior exposure to traumatic life events
was associated with the occurrence (AOR, 1.80; 95% CI, 1.28-2.52) and persistence of GAD symptoms
(IRR, 1.36; 95% CI, 1.06-1.74). The presence of a test or project was associated with occurrence (AOR,
1.68; 95% CI, 1.42-1.98), persistence (IRR, 2.09; 95% CI, 1.43-3.04), and development of GAD
symptoms(AOR 1.58, 95% CI, 1.30-1.92), and decreased the likelihood of GAD symptom reduction
(AOR, 0.69; 95% CI, 0.56-0.86). The personality trait of emotional stability decreased the likelihood of
occurrence (AOR, 0.60; 95% CI, 0.50-0.67), persistence (AOR, 0.90 95% CI, 0.65- 0.78), development
(AOR, 0.84; 95% CI, 0.77-0.92), and reduction in GAD symptoms (AOR, 0.82; 95% CI, 0.75-0.88). The
personality trait of extraversion also decreased the likelihood of GAD symptoms (AOR, 0.89; 95% CI,
0.83-0.95).
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Conclusion
These findings suggest that beginning college with a history of an anxiety disorder or prior exposure to
multiple traumatic events increases the likelihood of occurrence and persistence of a GAD-7 score
consistent with moderate-to-severe GAD symptoms. Personality traits also play a role in the occurrence
and persistence of GAD symptoms, which may be important for personalizing psychological treatments.
Academic stressors (i.e., a test or project), were significantly associated with the presence, persistence,
development, and reduction in GAD-7 scores consistent with moderate-to-severe GAD symptoms.
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Introduction
Anxiety disorders are a leading cause of disability globally and affect one out of every three

people in their lifetime (Bandelow & Michaelis, 2015). Generalized anxiety disorder (GAD), or the
persistence of generalized anxiety symptoms for at least 6 months, affects 3.1% of the U.S. adult
population (COVID-19 and Mental Health: A Growing Crisis, 2021), with many individuals first meeting
the criteria for GAD in early adulthood (Rhebergen et al., 2017). GAD and other common mental health
disorders, such as depression, are internalizing disorders that lead to emotional distress in response to life
stressors and previous traumatic events (Nigatu et al., 2016; Weiss et al., 2011). Exacerbating these trends,
clinically significant anxiety tripled during the COVID-19 pandemic due to increased uncertainty, social
isolation, and other pandemic-related stressors (Asmundson et al., 2020), which intensified the declining
mental health of young adults (Taylor et al., 2020).

Young adults suffer from anxiety disorders two times more often than the rest of the United States
adult population, and their onset has been associated with poor academic outcomes, suicide risk, drug and
alcohol misuse, and risky behaviors (Donovan & Spence, 2000). During young adulthood, psychological
distress and anxiety symptoms are linked to worse career outcomes, adverse mental health outcomes, and
poor well-being in later adulthood (Casey et al., 2022). In particular, the first year of college has been
linked to common mental health disorders because it marks a transition from adolescence to adulthood,
including changes in physical context, social context and increased independence (Arnett, 2000;
Bernal-Morales et al., 2015; Smith et al., 2020). In a global study of college students, more than one-third
reported a common mental health disorder during their first year, and one-tenth reported suicidal ideation
(Auerbach et al., 2016). In another study, 40% of Bangladeshi university students suffered from
symptoms of moderate-to-severe GAD (Faisal et al., 2022).

Stressful life events influence the onset and course of mental health disorders (Caspi et al., 1989)
and are associated with an increased risk of anxiety disorders (McLaughlin et al., 2010). In particular,
previous exposure to potentially traumatic life events has been associated with the development of anxiety
disorders (Backholm & Björkqvist, 2012). Many young adults begin their college experience with a
mental health diagnosis which has been associated with worsening mental health during this period
(Lipson et al., 2022; Mahmoud, 2015). Longitudinal studies have shown that being female and having a
lower socio-economic status increases the risk of developing internalizing disorders such as anxiety
(Edgerton et al., 2019; Galambos et al., 2006; Stoolmiller et al., 2005).

Personality traits have also been linked to GAD as well as differences in stress response and
recovery (Contrada & Baum, 2011). This association has been observed in students during the adjustment
to college (Hirai et al. 2015). Additionally, individuals with higher levels of the personality traits
Extraversion and Openness have shown higher levels of mental health deterioration associated with the
COVID-19 pandemic, whereas those with higher Agreeableness were less affected (Proto & Zhang, 2021;
Rettew et al., 2021).

Most estimates of the mental health burden for young adults are cross-sectional, and much less is
known about the course of anxiety symptoms during the transition to college. In a recent study, students
who had depression and anxiety at the beginning of college were less likely to recover from anxiety by
the end of their first year (Adams et al., 2021). Small prospective naturalistic and treatment studies of
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GAD have shown long durations, low rates of recovery, and high rates of recurrence (Mahmoud, 2015).
Recent longitudinal studies have also shown that anxiety symptoms significantly change from one month
to another (Amendola et al., 2021). These studies point to the importance of serial assessments in
populations at risk, given that single-point measures are not a comprehensive picture of an individual’s
mental health.

The course of anxiety symptoms during the first year of college is not well understood, and thus
opportunities for time-sensitive interventions may be missed. Suicide is among college students' leading
causes of death, and students with underlying anxiety disorders are at increased risk (Casey et al., 2022).
As suicidal ideation can fluctuate from week to week, frequent assessments may be useful in responding
to changes in anxiety symptoms and addressing this population’s mental health needs in a timely fashion.
One reason that response measures are limited is that we do not fully understand the course of GAD.

The current study examined the course of moderate GAD symptoms in first-year college students
during their first semester. This study addresses four questions to identify determinants of mental health
that may inform college-based support and interventions in the future. We ask: (A) Which factors increase
a first-year student’s likelihood of experiencing anxiety symptoms during the first semester of college?
(B) Which factors are associated with the persistence of anxiety symptoms during the first semester of
college? (C) Which factors are associated with the development of anxiety symptoms from one week to
another, and (D) Which factors are associated with a reduction in anxiety symptoms from one week to
another? We use the term development to describe individuals reporting symptoms of anxiety consistent
with a GAD-7 score <10 and then reporting a GAD-7 score ≥ 10 in the following assessment. We use the
term reduction to describe individuals reporting symptoms of anxiety consistent with a GAD-7 score ≥ 10
and then reporting a GAD-7 score <10 the following assessment. These terms do not mean that it is the
first time a participant has a GAD-7 score ≥ 10 nor that they have long-term recovery from anxiety
symptoms if they have a GAD-7 score <10. A conceptual graphic is provided in the Supplemental
Information (Supplemental Information Figure S1).

Methods
Sample

We conducted a longitudinal cohort study to analyze changes in mental health and well-being
over the first semester of college. We recruited full-time, incoming first-year undergraduate students
between the ages of 18-24 at a university in the northeastern US. Following consent, enrolled participants
completed a baseline survey, and weekly surveys were administered through RedCap between October
21, 2022 - December 12, 2022. The study followed the Strengthening of Reporting of Observational
Studies in Epidemiology (STROBE) reporting guidelines for cohort studies. All procedures were
approved by the university Institutional Review Board.

Outcome
The Generalized Anxiety Disorder Questionnaire (GAD-7) was used for assessing anxiety

symptoms (Spitzer et al., 2006). The GAD-7 is a seven-item self-report scale where anxiety-defining
items are rated on a 4-point Likert scale (0 = not at all to 3 = nearly every day), resulting in a composite
score between 0 and 21. GAD-7 items describe salient features of anxiety (e.g., feeling on edge and
worrying too much about different things). The GAD-7 has good reliability and validity in both clinical
(Kroenke et al., 2007) and population-based samples (Amendola et al., 2021; Löwe et al., 2008) when
validated against assessments by mental health professionals, which are considered the gold standard.
Clinically significant symptoms refer to reported symptoms that exceed the threshold of moderate anxiety
and a GAD-7 score ≥ 10 has been identified as the optimal point for sensitivity (89%) and specificity
(82%) (Rutter & Brown, 2017). We also calculated the proportion of weeks for which participants who
completed their survey had a GAD-7 score ≥ 10. To ensure the reliability of participant responses to the
GAD-7 measure, the Cronbach alpha was calculated in Stata/SE 17.0 using the alpha package (0.90).
Though self-reported measures are not analogous to a confirmed diagnosis, they provide insight into the
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trajectories of mental health for young adults in their first year of college, and the factors that influence
these trajectories.

Covariates
We collected information on the age, gender, race, and ethnicity of all participants at the time of
enrollment. We also collected information on personality traits, mental health diagnoses, and history of
exposure to potentially traumatic life events.

The Ten Item Personality Inventory (TIPI; (Gosling et al., 2003)
Personality traits describe the self-efficacy with which individuals appraise and cope with life challenges
(Costa et al., 1995), which have been useful for understanding stress response and coping behaviors
(David & Suls, 1999; McCrae & Costa Jr., 1989). The TIPI is a measure composed of 10 items to identify
dimensions of the ‘Big Five,’ which is a widely recognized personality trait model (Kirton & De Ciantis,
1986). Each trait is represented by two items, one stated in a way that represents the positive pole of the
dimension and the other stated in a way that represents the negative pole. Each item was scored from 1
(strongly disagree) to 7 (strongly agree). Five of the items are reverse scored to create a composite score.
Each personality trait can be divided into low, moderate, and high for each trait based on
population-established averages (Gosling et al., 2003).

Mental Health History
Participants were asked: “Do you have a history of an underlying mental health condition?” If participants
selected “yes,” they were prompted to select from the following list of common mental health conditions:
anxiety, depression, attention deficit hyperactivity disorder (ADHD), alcoholism, psychosis, delusions,
anorexia or bulimia, post-traumatic stress disorder (PTSD), obsessive-compulsive disorder (OCD),
bipolar disorder (BPD), panic attack disorder, or an emotional disorder. We created a binary variable to
indicate a diagnosis of an anxiety disorder at the start of college.

Exposures
Trauma Exposure History
The life events checklist (LEC) assesses the occurrence of major life events that a person has experienced,
witnessed or learned about happening to someone close to them that are potentially traumatic. In our
sample, the LEC was collected at baseline for all participants indicating events that occurred prior to the
study. Though there are multiple ways in which LEC scoring is approached, we totaled items 1-16 that
were endorsed as experienced only, in line with previous researchers (Gray et al., 2004; Reger et al.,
2019). We then created an ordinal variable for traumatic exposures (i.e., 0 exposures, 1 exposure, and 2 or
more exposures).

Academic Stressor
Participants were asked: “Was there an event or events this week that were particularly stressful?”
Participants were then asked to characterize the nature of the stressful event (i.e., social, romantic,
familial, financial, academic, physical, or mental). If the event was characterized as academic, participants
were asked whether they had a test or project due in the last week. Participants who indicated that they
had a test or project due in the previous week were assigned a value of 1; those who did not were assigned
a value of 0.

Statistical Analysis
Data were analyzed from December 2022 - May 2023. Time invariant predictors included gender,

race, personality traits, having a previous diagnosis of an anxiety disorder, and exposure to potentially
traumatic life events (LEC). Time varying predictors included the week of the semester and exposure to
weekly academic stressors (i.e., tests and projects).

https://www.zotero.org/google-docs/?DaAzff
https://www.zotero.org/google-docs/?CNYtfX
https://www.zotero.org/google-docs/?NEYqil
https://www.zotero.org/google-docs/?XVGtii
https://www.zotero.org/google-docs/?XVGtii
https://www.zotero.org/google-docs/?qQPgBP
https://www.zotero.org/google-docs/?DFrjfU
https://www.zotero.org/google-docs/?DFrjfU


We analyzed the panel data with four different models to address the research questions. First, we
used a generalized estimating equation (GEE) to assess the occurrence of moderate GAD symptoms
(GAD-7 score ≥ 10). Our model used a binomial distribution and a log link function with an
exchangeable correlation structure which assumes that two observations from the same participant were
correlated irrespective of their time apart.

Second, we investigated which factors influenced the persistence of GAD over the course of the
study. To model the proportion of weeks for which participants met the threshold for moderate anxiety, we
used a zero-one inflated beta regression model to account for excess zeros and ones. We included
participants who completed at least three out of seven weekly surveys and had complete demographic
data (n=539) and calculated the proportion of weeks during which they reported symptoms of moderate
anxiety (GAD-7 ≥ 10). Third, we created an outcome variable for those who reported symptoms of
moderate anxiety (GAD-7 ≥ 10) for all weeks of participation. We used a logistic regression model to
model this outcome.

Fourth, we assessed changes in GAD symptoms between weeks. For those participants who
endorsed no or minimal symptoms one week (GAD <10) and then symptoms consistent with moderate
GAD (GAD-7 ≥ 10) the following week, we designated the development of moderate GAD (GAD+).
Conversely, for participants who had symptoms consistent with moderate GAD one week (GAD ≥ 10)
and then no or minimal symptoms of moderate GAD the following week (GAD < 10), we designated a
reduction in moderate GAD (GAD-). To model these changes, we used a GEE with a logit link and
binomial family for each of these outcomes: development and reduction from one week to another.

Results
There were 605 eligible participants who completed the baseline survey. 89% (n=539) of

participants completed at least three surveys and had complete demographic data, and 52% (n=287) of
participants completed all weeks of the survey. We included all participants in our analysis who had
completed baseline demographic information and at least three surveys for a total of 3,318 survey
responses. Our sample included 20% of the first-year class and was representative of the study population
- 65% (n=354) of participants were female and 87% (n=473) of participants were white (Table 1). Like
national estimates (Pew Research Center, 2022), 6% (n =35) of our sample population identified as a
gender different than their assigned sex at birth (i.e., non-binary, genderfluid, and transgender). Data were
missing at random and no covariates were associated with higher attrition rates or lower response rates
(Supplemental Information Table S1).

The average GAD-7 score was 6.49 (SD=5.33). Participants with a mental health diagnosis, a
history of exposure to potentially traumatic life events, and having an academic stressor (i.e., project or
test) had higher average GAD-7 scores at all weeks of the semester (Figure 2).

Occurrence of moderate anxiety symptoms
In our population, 51% (n=275) of participants reported GAD-7 score ≥ 10 at least once during

the study. Of participants who had no previous diagnosis of an anxiety disorder, 40% (122/331) reported
moderate symptoms of GAD at least once during the first semester compared to 75% (153/210) of
participants with a previous diagnosis of an anxiety disorder. Similarly, of those without a previous
anxiety disorder diagnosis, 14% (46/331) reported severe symptoms of GAD at least once during the first
semester compared to 41% (87/210) of those with a previous diagnosis.

The GEE logistic regression revealed that higher levels of extraversion and emotional stability are
associated with decreased likelihood of moderate GAD symptoms. Higher levels of agreeableness, a
mental health diagnosis, LEC ≥ 2, and having a test or project significantly increased the likelihood of
GAD symptoms at the population level (Table 1). For each unit increase in extraversion, the likelihood of
GAD symptoms decreased by 18.5%. For a one-unit increase in emotional stability, the likelihood of
GAD decreased by 39.6% (p<0.01). Individuals with a mental health diagnosis had 2.23 times the odds of
reporting GAD compared to those without a diagnosis (p<0.01). Individuals who have experienced
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multiple potentially life events have 2.07 the odds of reporting GAD (p<0.01). Individuals with a test or
project in the preceding week were 2.12 times more likely to have a GAD-7 score consistent with
moderate anxiety symptoms (p<0.01) (Table 1).

Persistence of moderate anxiety scores
We calculated the proportion of weeks for which participants who completed their survey scored

above the GAD-7 cut-off for moderate and severe anxiety. 9% (43/541) of participants had moderate
anxiety (GAD ≥10) at all time points and 3% (13/541) of participants had severe anxiety for all completed
surveys. 49% (275/541) of participants never reported GAD-7 scores consistent with moderate anxiety
symptoms and 76% (421/541) of participants never reported symptoms consistent with severe anxiety.
There was a statistically significant relationship between the initial anxiety score and final anxiety score
(𝛘2= 33.21, p = 0.000). We also created a group of participants for which their GAD-7 scores ≥ 10 for all
assessments.

A one-unit increase in extraversion was associated with a decrease in the probability that a
participant had GAD-7 ≥ 10 for all weeks of participation (p<0.001). A one-unit increase in emotional
stability was associated with a decrease in the expected proportion of weeks for which a participant had
GAD-7 ≥ 10 (p<0.01). A one-unit increase in emotional stability was also associated with a decrease in
the probability that a participant had GAD-7 ≥ 10 for all weeks of participation (p<0.001). Having a
previous anxiety diagnosis was associated with a 2.90 increase in the probability that a participant had
GAD-7 ≥ 10 for all weeks of participation (p<0.001). Having experienced multiple potentially traumatic
life events was associated with a 2.09 increase in the expected proportion of weeks for which a participant
had GAD-7 ≥ 10, holding all other predictors constant (p<0.05). For each additional week with an
academic stressor, there is a 28% increase in the expected number of weeks with moderate anxiety
(p<0.01).

Development of and reduction in moderate anxiety symptoms
20% (562/2772) of responses from participants increased from GAD-7 score < 10 to GAD-7

score ≥ 10 (GAD+). GAD+ was significantly associated with the personality trait of emotional stability
(p<0.001), having a test or project (p<0.001), and the week of the study (p<0.1) (Table 3). For each
one-unit increase in emotional stability, the odds of GAD+ decreased by a factor of 0.84. Having a test or
project due was associated with an increased likelihood of GAD+ by 1.58 compared to those who did not
have a test or project (Table 3a).

Additionally, 20% (560/2783) of responses from participants decreased from GAD-7 score ≥ 10
to GAD-7 score < 10 from one survey assessment to the next (GAD-). Similar to GAD+, GAD- was
significantly associated with the personality trait of emotional stability (p<0.001) and an academic
stressor (p<0.001). Additionally, a history of two or more potentially traumatic life events and the week of
the study was associated with GAD- (p<0.001) (Table 3b). When observing transitions (GAD+ or GAD-)
between weeks of the survey, the majority of participants were GAD+ or GAD- (Figure 3a). These
transitions are clear at the participant level when assessing changes in GAD-7 scores (Figure 3b).

We performed a series of sensitivity analyses for our models. For the occurrence model, we also
ran the regression with an autoregressive correlation structure which assumes that observations closer in
time are more highly correlated than those that are far apart (Supplemental Information Table S2). The
results were similar between both models. These results were consistent for GAD-7 scores as a
continuous outcome using a gamma distribution (Supplemental Information Tables S3 and S4) and using
mixed-effects multilevel regression models (Supplemental Information Tables S5 and S6) due to the
skewed distribution of GAD scores (Supplemental Information Figure S2).

For the persistence models, we also used a two-part hurdle model, an ordinal regression model,
and a logit transformation (Supplemental Information Tables S7, S8, S9, and S10) to assess the influence
on individual characteristics and events on GAD symptoms.
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Discussion
Over 60% of young adults (ages 18-24) in the United States are at risk for depression and anxiety;

a quarter of these adults report considering suicide in the last month (Czeisler et al., 2020) illustrating the
critical importance of addressing declining mental health for young adults in the United States (Twenge et
al., 2019). Though ample evidence supports the growing prevalence of mental health disorders among
young adults, the factors that increase the occurrence, persistence, development, and recovery of their
symptoms is not clear.

To our knowledge, this is the first large-scale study investigating predictors of clinically relevant
levels of anxiety serially during the first semester of college after the end of COVID-19 restrictions.
While other studies have looked at the development of anxiety over the course of the first semester or the
first year of college (Adams et al., 2021; S. P. Becker et al., 2018), higher temporal resolution in anxiety
symptom changes have not been well described. A recent study on emergence and recovery from
clinically significant levels of anxiety for first year students measured the beginning and end of the
freshmen year, but did not provide information on intermediate periods (Adams et al., 2021).

Consistent with the demographic composition of college students, nearly two-thirds of our
participants were female. Female gender has been associated with a higher risk of anxiety in previous
studies (Elmer et al., 2020; Naser et al., 2020), though other studies have found these differences
insignificant (Cao et al., 2020; Zimmermann et al., 2020). Compared to female participants, male
participants had significantly lower GAD-7 scores (Supplemental Information Tables S2-S7). THe
personality trait of emotional stability was significantly associated with study outcomes (Tables 1-3),
indicating that this individual trait may be linked to anxiety symptoms. In our cohort, those with a history
of anxiety disorder diagnosis had a significantly higher likelihood of GAD symptoms (Table 1) and
persistence of GAD through all weeks of the study (Table 2b) and lower likelihood of reduction (GAD-)
(Table 3b). Those with LEC ≥ 2 had significant association with occurrence of GAD symptoms (Table 1),
persistence (Table 2a), and reduction in GAD symptoms (Table 3b). There was an effect of the study
week on GAD symptom development and reduction (Table 3).

When evaluated at only the first and final weeks of the study, more than three-quarters of students
did not move below or above the anxiety threshold revealing the persistence in anxiety for many
participants. There was a statistically significant relationship between the initial anxiety score and final
anxiety score (𝛘2= 33.21, p = 0.000). Analyzing GAD scores at only the beginning and end of a study
period may neglect important transitions in well-being for a substantial proportion of the population.

When pooled across the study, the prevalence of anxiety in our sample is consistent with previous
samples of university students (Chi et al., 2020; Faisal et al., 2022; Naser et al., 2020; Perz et al., 2022;
Savitsky et al., 2020; Wang & Zhao, 2020). Importantly, which participants met the cut-off for moderate
to severe anxiety changed throughout the course of the semester (Figure 3). More than half of participants
(51%) remained below the threshold of GAD for the entire semester, the other half varied between
presenting clinically significant symptoms of GAD and lack thereof depending on the week. In all weeks
of the study, except for the week of Thanksgiving break, the majority of participants transitioned from a
GAD-7 score < 10 to a GAD-7 score ≥ 10 (GAD+) or moved from GAD-7 score ≥ 10 to a GAD-7 <10
(GAD-) (Figure 3a). These transition proportions are further reflected by individual trajectories of
participants in their GAD-7 scores (Figure 3b).

The findings of this study should be interpreted with some limitations in mind. The use of
self-report measures could lead to increased risk of social desirability response bias. There is also the
potential for repeated administration of the self-report measure to lead to decreased reporting of anxiety.
Overestimation of the proportion of participants with a previous diagnosis of anxiety disorder and
traumatic experiences could be present if the event happened far in the past, however, reporting of salient
experiences is not as affected by recall bias and these events are often under-reported. An imbalance
between the number of female participants and male participants and those who do not ascribe to either of
these binary descriptions was present. Gender imbalance is not uncommon in survey-based research and
is consistent with current undergraduate student populations. There may be some limitations in the
generalizability of the results outside of the university setting.
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Despite these limitations, our study demonstrates the importance of higher temporal granularity in
longitudinal studies on mental health in young adults. Though nearly half of our participants never
reported symptoms consistent with moderate anxiety throughout the course of the first semester of
college, the other half experienced at least one week of moderate to severe anxiety symptoms during the
semester. With an increased focus of universities on the mental health and well-being of students, the
advent and success of mobile assessments of stress, and the growing evidence for single time-point
interventions, the utility of following young adults through a potentially turbulent period of their life
holds promise for reducing mortality in this age and supporting long-term health.

Conclusion
The transition to college poses increased risk for the onset and worsening of anxiety disorders. Within a
cohort of first-year students, individual and psychological factors increase the likelihood for generalized
anxiety disorder (GAD) symptoms during the first semester of college. Beginning college with a previous
diagnosis of anxiety disorder and a history of multiple potentially traumatic exposures increased the
likelihood of GAD during the first semester. Not only did these factors increase the likelihood of
moderate anxiety during the semester, but they were significantly associated with measures of anxiety
persistence. Unsurprisingly, the reported occurrence of a test or project in the preceding week greatly
influenced the likelihood of the occurrence, the persistence, development, and reduction in GAD
symptoms from one week to another. Identifying which traits and exposures make first-year students more
vulnerable to experiencing GAD symptoms and their shifts will inform more targeted interventions to
improve mental health in young adults.

Funding:MassMutual Grant.

Role of Funder/Sponsor: The funding organization had no role in the design and conduct of the study,
collection, management, analysis, and interpretation of the data; preparation, review or approval of the
manuscript.

References
Adams, K. L., Saunders, K. E., Keown-Stoneman, C. D. G., & Duffy, A. C. (2021). Mental health

trajectories in undergraduate students over the first year of university: A longitudinal cohort
study. BMJ Open, 11(12), e047393. https://doi.org/10.1136/bmjopen-2020-047393

Amendola, S., von Wyl, A., Volken, T., Zysset, A., Huber, M., & Dratva, J. (2021). A Longitudinal Study
on Generalized Anxiety Among University Students During the First Wave of the COVID-19
Pandemic in Switzerland. Frontiers in Psychology, 12, 643171.
https://doi.org/10.3389/fpsyg.2021.643171

Arnett, J. J. (2000). Emerging adulthood: A theory of development from the late teens through the
twenties. American Psychologist, 55(5), 469–480. https://doi.org/10.1037/0003-066X.55.5.469

Asmundson, G. J. G., Paluszek, M. M., Landry, C. A., Rachor, G. S., McKay, D., & Taylor, S. (2020). Do
pre-existing anxiety-related and mood disorders differentially impact COVID-19 stress responses
and coping? Journal of Anxiety Disorders, 74, 102271.
https://doi.org/10.1016/j.janxdis.2020.102271

Auerbach, R. P., Alonso, J., Axinn, W. G., Cuijpers, P., Ebert, D. D., Green, J. G., Hwang, I., Kessler, R.
C., Liu, H., Mortier, P., Nock, M. K., Pinder-Amaker, S., Sampson, N. A., Aguilar-Gaxiola, S.,
Al-Hamzawi, A., Andrade, L. H., Benjet, C., Caldas-de-Almeida, J. M., Demyttenaere, K., …
Bruffaerts, R. (2016). Mental disorders among college students in the World Health Organization
World Mental Health Surveys. Psychological Medicine, 46(14), 2955–2970.
https://doi.org/10.1017/S0033291716001665

Backholm, K., & Björkqvist, K. (2012). The mediating effect of depression between exposure to
potentially traumatic events and PTSD in news journalists. European Journal of
Psychotraumatology, 3(1), 18388. https://doi.org/10.3402/ejpt.v3i0.18388

https://www.zotero.org/google-docs/?11TDPF
https://www.zotero.org/google-docs/?11TDPF
https://www.zotero.org/google-docs/?11TDPF
https://www.zotero.org/google-docs/?11TDPF
https://www.zotero.org/google-docs/?11TDPF
https://www.zotero.org/google-docs/?11TDPF
https://www.zotero.org/google-docs/?11TDPF
https://www.zotero.org/google-docs/?11TDPF
https://www.zotero.org/google-docs/?11TDPF
https://www.zotero.org/google-docs/?11TDPF
https://www.zotero.org/google-docs/?11TDPF
https://www.zotero.org/google-docs/?11TDPF
https://www.zotero.org/google-docs/?11TDPF
https://www.zotero.org/google-docs/?11TDPF
https://www.zotero.org/google-docs/?11TDPF
https://www.zotero.org/google-docs/?11TDPF
https://www.zotero.org/google-docs/?11TDPF
https://www.zotero.org/google-docs/?11TDPF
https://www.zotero.org/google-docs/?11TDPF
https://www.zotero.org/google-docs/?11TDPF
https://www.zotero.org/google-docs/?11TDPF
https://www.zotero.org/google-docs/?11TDPF


Bandelow, B., & Michaelis, S. (2015). Epidemiology of anxiety disorders in the 21st century. Dialogues
in Clinical Neuroscience, 17(3), 327–335. https://doi.org/10.31887/DCNS.2015.17.3/bbandelow

Becker, S. P., Jarrett, M. A., Luebbe, A. M., Garner, A. A., Burns, G. L., & Kofler, M. J. (2018). Sleep in
a large, multi-university sample of college students: Sleep problem prevalence, sex differences,
and mental health correlates. Sleep Health, 4(2), 174–181.
https://doi.org/10.1016/j.sleh.2018.01.001

Bernal-Morales, B., Rodríguez-Landa, J. F., & Pulido-Criollo, F. (2015). Impact of Anxiety and
Depression Symptoms on Scholar Performance in High School and University Students. In F.
Durbano (Ed.), A Fresh Look at Anxiety Disorders. InTech. https://doi.org/10.5772/60711

Cao, W., Fang, Z., Hou, G., Han, M., Xu, X., Dong, J., & Zheng, J. (2020). The psychological impact of
the COVID-19 epidemic on college students in China. Psychiatry Research, 287, 112934.
https://doi.org/10.1016/j.psychres.2020.112934

Casey, S. M., Varela, A., Marriott, J. P., Coleman, C. M., & Harlow, B. L. (2022). The influence of
diagnosed mental health conditions and symptoms of depression and/or anxiety on suicide
ideation, plan, and attempt among college students: Findings from the Healthy Minds Study,
2018–2019. Journal of Affective Disorders, 298, 464–471.
https://doi.org/10.1016/j.jad.2021.11.006

Caspi, A., Bem, D. J., & Elder, G. H. (1989). Continuities and Consequences of Interactional Styles
Across the Life Course. Journal of Personality, 57(2), 375–406.
https://doi.org/10.1111/j.1467-6494.1989.tb00487.x

Chi, X., Becker, B., Yu, Q., Willeit, P., Jiao, C., Huang, L., Hossain, M. M., Grabovac, I., Yeung, A., Lin,
J., Veronese, N., Wang, J., Zhou, X., Doig, S. R., Liu, X., Carvalho, A. F., Yang, L., Xiao, T., Zou,
L., … Solmi, M. (2020). Prevalence and Psychosocial Correlates of Mental Health Outcomes
Among Chinese College Students During the Coronavirus Disease (COVID-19) Pandemic.
Frontiers in Psychiatry, 11, 803. https://doi.org/10.3389/fpsyt.2020.00803

Contrada, R. J., & Baum, A. (Eds.). (2011). The handbook of stress science: Biology, psychology, and
health. Springer Pub.

Costa, P. T., McCrae, R. R., & Kay, G. G. (1995). Persons, Places, and Personality: Career Assessment
Using the Revised NEO Personality Inventory. Journal of Career Assessment, 3(2), 123–139.
https://doi.org/10.1177/106907279500300202

COVID-19 and Mental Health: A Growing Crisis (pp. 2–17). (2021). Mental Health America.
https://onlinelibrary.wiley.com/doi/10.1111/j.1475-6773.2004.00234.x

Czeisler, M. É., Ma, R. I. L., Petrosky, E., Wiley, J. F., Christensen, A., Njai, R., Weaver, M. D., Robbins,
R., Facer-Childs, E. R., Barger, L. K., Czeisler, C. A., Howard, M. E., & Rajaratnam, S. M. W.
(2020).Mental Health, Substance Use, and Suicidal Ideation During the COVID-19
Pandemic—United States, June 24–30, 2020. 69(32), 9.

David, J. P., & Suls, J. (1999). Coping Efforts in Daily Life: Role of Big Five Traits and Problem
Appraisals. Journal of Personality, 67(2), 265–294. https://doi.org/10.1111/1467-6494.00056

Donovan, C. L., & Spence, S. H. (2000). Prevention of Childhood Anxiety Disorders. Clinical
Psychology Review, 20(4), 509–531.

Edgerton, J. D., Shaw, S., & Roberts, L. W. (2019). An Exploration of Depression Symptom Trajectories,
and Their Predictors, in a Canadian Sample of Emerging Adults. Emerging Adulthood, 7(5),
352–362. https://doi.org/10.1177/2167696818778632

Elmer, T., Mepham, K., & Stadtfeld, C. (2020). Students under lockdown: Comparisons of students’
social networks and mental health before and during the COVID-19 crisis in Switzerland. PLOS
ONE, 15(7), e0236337. https://doi.org/10.1371/journal.pone.0236337

Faisal, R. A., Jobe, M. C., Ahmed, O., & Sharker, T. (2022). Mental Health Status, Anxiety, and
Depression Levels of Bangladeshi University Students During the COVID-19 Pandemic.
International Journal of Mental Health and Addiction, 20(3), 1500–1515.
https://doi.org/10.1007/s11469-020-00458-y

Galambos, N. L., Barker, E. T., & Krahn, H. J. (2006). Depression, self-esteem, and anger in emerging

https://www.zotero.org/google-docs/?11TDPF
https://www.zotero.org/google-docs/?11TDPF
https://www.zotero.org/google-docs/?11TDPF
https://www.zotero.org/google-docs/?11TDPF
https://www.zotero.org/google-docs/?11TDPF
https://www.zotero.org/google-docs/?11TDPF
https://www.zotero.org/google-docs/?11TDPF
https://www.zotero.org/google-docs/?11TDPF
https://www.zotero.org/google-docs/?11TDPF
https://www.zotero.org/google-docs/?11TDPF
https://www.zotero.org/google-docs/?11TDPF
https://www.zotero.org/google-docs/?11TDPF
https://www.zotero.org/google-docs/?11TDPF
https://www.zotero.org/google-docs/?11TDPF
https://www.zotero.org/google-docs/?11TDPF
https://www.zotero.org/google-docs/?11TDPF
https://www.zotero.org/google-docs/?11TDPF
https://www.zotero.org/google-docs/?11TDPF
https://www.zotero.org/google-docs/?11TDPF
https://www.zotero.org/google-docs/?11TDPF
https://www.zotero.org/google-docs/?11TDPF
https://www.zotero.org/google-docs/?11TDPF
https://www.zotero.org/google-docs/?11TDPF
https://www.zotero.org/google-docs/?11TDPF
https://www.zotero.org/google-docs/?11TDPF
https://www.zotero.org/google-docs/?11TDPF
https://www.zotero.org/google-docs/?11TDPF
https://www.zotero.org/google-docs/?11TDPF
https://www.zotero.org/google-docs/?11TDPF
https://www.zotero.org/google-docs/?11TDPF
https://www.zotero.org/google-docs/?11TDPF
https://www.zotero.org/google-docs/?11TDPF
https://www.zotero.org/google-docs/?11TDPF
https://www.zotero.org/google-docs/?11TDPF
https://www.zotero.org/google-docs/?11TDPF
https://www.zotero.org/google-docs/?11TDPF
https://www.zotero.org/google-docs/?11TDPF
https://www.zotero.org/google-docs/?11TDPF
https://www.zotero.org/google-docs/?11TDPF
https://www.zotero.org/google-docs/?11TDPF
https://www.zotero.org/google-docs/?11TDPF
https://www.zotero.org/google-docs/?11TDPF
https://www.zotero.org/google-docs/?11TDPF
https://www.zotero.org/google-docs/?11TDPF
https://www.zotero.org/google-docs/?11TDPF
https://www.zotero.org/google-docs/?11TDPF
https://www.zotero.org/google-docs/?11TDPF
https://www.zotero.org/google-docs/?11TDPF
https://www.zotero.org/google-docs/?11TDPF
https://www.zotero.org/google-docs/?11TDPF
https://www.zotero.org/google-docs/?11TDPF


adulthood: Seven-year trajectories. Developmental Psychology, 42(2), 350–365.
https://doi.org/10.1037/0012-1649.42.2.350

Gosling, S. D., Rentfrow, P. J., & Swann, W. B. (2003). A very brief measure of the Big-Five personality
domains. Journal of Research in Personality, 37(6), 504–528.
https://doi.org/10.1016/S0092-6566(03)00046-1

Gray, M. J., Litz, B. T., Hsu, J. L., & Lombardo, T. W. (2004). Psychometric Properties of the Life Events
Checklist. Assessment, 11(4), 330–341. https://doi.org/10.1177/1073191104269954

Kirton, M. J., & De Ciantis, S. M. (1986). Cognitive Style and Personality: The Kirton
Adaption-Innovation and Cattell’s Sixteen Personality Factor Inventories. 7(2), 141–146.

Kroenke, K., Spitzer, R. L., Williams, J. B. W., Monahan, P. O., & Löwe, B. (2007). Anxiety Disorders in
Primary Care: Prevalence, Impairment, Comorbidity, and Detection. Annals of Internal Medicine,
146(5), 317. https://doi.org/10.7326/0003-4819-146-5-200703060-00004

Lipson, S. K., Zhou, S., Abelson, S., Heinze, J., Jirsa, M., Morigney, J., Patterson, A., Singh, M., &
Eisenberg, D. (2022). Trends in college student mental health and help-seeking by race/ethnicity:
Findings from the national healthy minds study, 2013–2021. Journal of Affective Disorders, 306,
138–147. https://doi.org/10.1016/j.jad.2022.03.038

Löwe, B., Decker, O., Müller, S., Brähler, E., Schellberg, D., Herzog, W., & Herzberg, P. Y. (2008).
Validation and Standardization of the Generalized Anxiety Disorder Screener (GAD-7) in the
General Population.Medical Care, 46(3), 266–274.
https://doi.org/10.1097/MLR.0b013e318160d093

Mahmoud, J. (2015). The Relationships of Coping, Negative Thinking, LifeSatisfaction, Social Support,
and Selected DemographicsWith Anxiety of Young Adult College Students.

McCrae, R. R., & Costa Jr., P. T. (1989). The Structure of Interpersonal Traits: Wiggins’s Circumplex and
the Five-Factor Model. Journal of Personality and Social Psychology, 56(4), 586–595.

McLaughlin, K. A., Conron, K. J., Koenen, K. C., & Gilman, S. E. (2010). Childhood adversity, adult
stressful life events, and risk of past-year psychiatric disorder: A test of the stress sensitization
hypothesis in a population-based sample of adults. Psychological Medicine, 40(10), 1647–1658.
https://doi.org/10.1017/S0033291709992121

Naser, A. Y., Dahmash, E. Z., Al‐Rousan, R., Alwafi, H., Alrawashdeh, H. M., Ghoul, I., Abidine, A.,
Bokhary, M. A., AL‐Hadithi, H. T., Ali, D., Abuthawabeh, R., Abdelwahab, G. M., Alhartani, Y.
J., Al Muhaisen, H., Dagash, A., & Alyami, H. S. (2020). Mental health status of the general
population, healthcare professionals, and university students during 2019 coronavirus disease
outbreak in Jordan: A cross‐sectional study. Brain and Behavior, 10(8).
https://doi.org/10.1002/brb3.1730

Nigatu, Y. T., Liu, Y., Uppal, M., McKinney, S., Rao, S., Gillis, K., & Wang, J. (2016). Interventions for
enhancing return to work in individuals with a common mental illness: Systematic review and
meta-analysis of randomized controlled trials. Psychological Medicine, 46(16), 3263–3274.
https://doi.org/10.1017/S0033291716002269

Perz, C. A., Lang, B. A., & Harrington, R. (2022). Validation of the Fear of COVID-19 Scale in a US
College Sample. International Journal of Mental Health and Addiction, 20(1), 273–283.
https://doi.org/10.1007/s11469-020-00356-3

Proto, E., & Zhang, A. (2021). COVID-19 and mental health of individuals with different personalities.
Proceedings of the National Academy of Sciences, 118(37), e2109282118.
https://doi.org/10.1073/pnas.2109282118

Reger, G. M., Bourassa, K. J., Smolenski, D., Buck, B., & Norr, A. M. (2019). Lifetime trauma exposure
among those with combat-related PTSD: Psychiatric risk among U.S. military personnel.
Psychiatry Research, 278, 309–314. https://doi.org/10.1016/j.psychres.2019.06.033

Rettew, D. C., McGinnis, E. W., Copeland, W., Nardone, H. Y., Bai, Y., Rettew, J., Devadenam, V., &
Hudziak, J. J. (2021). Personality trait predictors of adjustment during the COVID pandemic
among college students. PLOS ONE, 16(3), e0248895.
https://doi.org/10.1371/journal.pone.0248895

https://www.zotero.org/google-docs/?11TDPF
https://www.zotero.org/google-docs/?11TDPF
https://www.zotero.org/google-docs/?11TDPF
https://www.zotero.org/google-docs/?11TDPF
https://www.zotero.org/google-docs/?11TDPF
https://www.zotero.org/google-docs/?11TDPF
https://www.zotero.org/google-docs/?11TDPF
https://www.zotero.org/google-docs/?11TDPF
https://www.zotero.org/google-docs/?11TDPF
https://www.zotero.org/google-docs/?11TDPF
https://www.zotero.org/google-docs/?11TDPF
https://www.zotero.org/google-docs/?11TDPF
https://www.zotero.org/google-docs/?11TDPF
https://www.zotero.org/google-docs/?11TDPF
https://www.zotero.org/google-docs/?11TDPF
https://www.zotero.org/google-docs/?11TDPF
https://www.zotero.org/google-docs/?11TDPF
https://www.zotero.org/google-docs/?11TDPF
https://www.zotero.org/google-docs/?11TDPF
https://www.zotero.org/google-docs/?11TDPF
https://www.zotero.org/google-docs/?11TDPF
https://www.zotero.org/google-docs/?11TDPF
https://www.zotero.org/google-docs/?11TDPF
https://www.zotero.org/google-docs/?11TDPF
https://www.zotero.org/google-docs/?11TDPF
https://www.zotero.org/google-docs/?11TDPF
https://www.zotero.org/google-docs/?11TDPF
https://www.zotero.org/google-docs/?11TDPF
https://www.zotero.org/google-docs/?11TDPF
https://www.zotero.org/google-docs/?11TDPF
https://www.zotero.org/google-docs/?11TDPF
https://www.zotero.org/google-docs/?11TDPF
https://www.zotero.org/google-docs/?11TDPF
https://www.zotero.org/google-docs/?11TDPF
https://www.zotero.org/google-docs/?11TDPF
https://www.zotero.org/google-docs/?11TDPF
https://www.zotero.org/google-docs/?11TDPF
https://www.zotero.org/google-docs/?11TDPF
https://www.zotero.org/google-docs/?11TDPF
https://www.zotero.org/google-docs/?11TDPF
https://www.zotero.org/google-docs/?11TDPF
https://www.zotero.org/google-docs/?11TDPF
https://www.zotero.org/google-docs/?11TDPF
https://www.zotero.org/google-docs/?11TDPF
https://www.zotero.org/google-docs/?11TDPF
https://www.zotero.org/google-docs/?11TDPF
https://www.zotero.org/google-docs/?11TDPF
https://www.zotero.org/google-docs/?11TDPF
https://www.zotero.org/google-docs/?11TDPF
https://www.zotero.org/google-docs/?11TDPF
https://www.zotero.org/google-docs/?11TDPF


Rhebergen, D., Aderka, I. M., van der Steenstraten, I. M., van Balkom, A. J. L. M., van Oppen, P., Stek,
M. L., Comijs, H. C., & Batelaan, N. M. (2017). Admixture analysis of age of onset in
generalized anxiety disorder. Journal of Anxiety Disorders, 50, 47–51.
https://doi.org/10.1016/j.janxdis.2017.05.003

Rutter, L. A., & Brown, T. A. (2017). Psychometric Properties of the Generalized Anxiety Disorder
Scale-7 (GAD-7) in Outpatients with Anxiety and Mood Disorders. Journal of Psychopathology
and Behavioral Assessment, 39(1), 140–146. https://doi.org/10.1007/s10862-016-9571-9

Savitsky, B., Findling, Y., Ereli, A., & Hendel, T. (2020). Anxiety and coping strategies among nursing
students during the covid-19 pandemic. Nurse Education in Practice, 46, 102809.
https://doi.org/10.1016/j.nepr.2020.102809

Smith, L., Jacob, L., Yakkundi, A., McDermott, D., Armstrong, N. C., Barnett, Y., López-Sánchez, G. F.,
Martin, S., Butler, L., & Tully, M. A. (2020). Correlates of symptoms of anxiety and depression
and mental wellbeing associated with COVID-19: A cross-sectional study of UK-based
respondents. Psychiatry Research, 291, 113138. https://doi.org/10.1016/j.psychres.2020.113138

Spitzer, R. L., Kroenke, K., Williams, J. B. W., & Löwe, B. (2006). A Brief Measure for Assessing
Generalized Anxiety Disorder: The GAD-7. Archives of Internal Medicine, 166(10), 1092.
https://doi.org/10.1001/archinte.166.10.1092

Stoolmiller, M., Kim, H. K., & Capaldi, D. M. (2005). The Course of Depressive Symptoms in Men From
Early Adolescence to Young Adulthood: Identifying Latent Trajectories and Early Predictors.
Journal of Abnormal Psychology, 114(3), 331–345. https://doi.org/10.1037/0021-843X.114.3.331

Taylor, S., Landry, C. A., Paluszek, M. M., Fergus, T. A., McKay, D., & Asmundson, G. J. G. (2020).
COVID stress syndrome: Concept, structure, and correlates. Depression and Anxiety, 37(8),
706–714. https://doi.org/10.1002/da.23071

Twenge, J. M., Joiner, T. E., Duffy, M. E., Cooper, A. B., & Binau, S. G. (2019). Age, Period, and Cohort
Trends in Mood Disorder Indicators and Suicide-Related Outcomes in a Nationally
Representative Dataset, 2005–2017. 15.

Wang, C., & Zhao, H. (2020). The Impact of COVID-19 on Anxiety in Chinese University Students.
Frontiers in Psychology, 11, 1168. https://doi.org/10.3389/fpsyg.2020.01168

Weiss, T., Skelton, K., Phifer, J., Jovanovic, T., Gillespie, C. F., Smith, A., Umpierrez, G., Bradley, B., &
Ressler, K. J. (2011). Posttraumatic stress disorder is a risk factor for metabolic syndrome in an
impoverished urban population. General Hospital Psychiatry, 33(2), 135–142.
https://doi.org/10.1016/j.genhosppsych.2011.01.002

Zimmermann, M., Chong, A. K., Vechiu, C., & Papa, A. (2020). Modifiable risk and protective factors for
anxiety disorders among adults: A systematic review. Psychiatry Research, 285, 112705.
https://doi.org/10.1016/j.psychres.2019.112705

https://www.zotero.org/google-docs/?11TDPF
https://www.zotero.org/google-docs/?11TDPF
https://www.zotero.org/google-docs/?11TDPF
https://www.zotero.org/google-docs/?11TDPF
https://www.zotero.org/google-docs/?11TDPF
https://www.zotero.org/google-docs/?11TDPF
https://www.zotero.org/google-docs/?11TDPF
https://www.zotero.org/google-docs/?11TDPF
https://www.zotero.org/google-docs/?11TDPF
https://www.zotero.org/google-docs/?11TDPF
https://www.zotero.org/google-docs/?11TDPF
https://www.zotero.org/google-docs/?11TDPF
https://www.zotero.org/google-docs/?11TDPF
https://www.zotero.org/google-docs/?11TDPF
https://www.zotero.org/google-docs/?11TDPF
https://www.zotero.org/google-docs/?11TDPF
https://www.zotero.org/google-docs/?11TDPF
https://www.zotero.org/google-docs/?11TDPF
https://www.zotero.org/google-docs/?11TDPF
https://www.zotero.org/google-docs/?11TDPF
https://www.zotero.org/google-docs/?11TDPF
https://www.zotero.org/google-docs/?11TDPF
https://www.zotero.org/google-docs/?11TDPF
https://www.zotero.org/google-docs/?11TDPF
https://www.zotero.org/google-docs/?11TDPF
https://www.zotero.org/google-docs/?11TDPF
https://www.zotero.org/google-docs/?11TDPF
https://www.zotero.org/google-docs/?11TDPF
https://www.zotero.org/google-docs/?11TDPF
https://www.zotero.org/google-docs/?11TDPF
https://www.zotero.org/google-docs/?11TDPF
https://www.zotero.org/google-docs/?11TDPF
https://www.zotero.org/google-docs/?11TDPF
https://www.zotero.org/google-docs/?11TDPF
https://www.zotero.org/google-docs/?11TDPF


Tables and Figures

Table 1. Occurrence of Clinically Significant GAD symptoms During the Study (N=3,311). A
Generalized Estimating Equation was used to model the presence of GAD-7 scores as a binary outcome
using a binomial distribution, log link function, and exchangeable correlation structure.

Sample GAD-7 Score GAD-7 ≥ 10

Time invariant
predictors

% (N) Mean (SD) Estimate (SE) P-value Odds Ratio
(95% CI)

Gender
Female
Male

Nonbinary/Transgender

66% (354)
28% (151)
6% (35)

7.07 (5.30)
4.51 (4.68)
8.71 (5.91)

Reference
-0.30 (0.20)
0.32 (0.30)

0.135
0.273

0.74 (0.50, 1.10)
1.38 (0.78, 2.44)

Race
White

Non-white
88% (473)
12% (66)

6.55 (5.33)
6.20 (5.34)

Reference
-0.11 (0.26) 0.677 0.89 (0.54, 1.47)

Personality Trait
Extraversion

Emotional Stability
Agreeableness

-
-
-

-
-
-

-0.19 (0.05)
-0.54 (0.07)
0.18 (0.08)

0.001***
0.000***
0.020**

0.83 (0.75, 0.92)
0.58 (0.50, 0.67)
1.20 (1.03, 1.39)

Anxiety Diagnosis
No
Yes

61% (331)
39% (210)

5.01 (4.52)
8.85 (5.66)

Reference
0.68 (0.17) 0.000*** 2.10 (1.51, 2.93)

Life Events Checklist
LEC = 0
LEC = 1
LEC ≥ 2

37% (202)
28% (151)
35% (188)

5.30 (4.90)
6.08 (4.83)
7.95 (5.77)

Reference
0.15 (0.20)
0.77 (0.19)

0.444
0.001***

0.94 (0.64, 1.39)
1.80 (1.28, 2.52)

Time varying predictors

Week of Study - - -0.03 (0.02) 0.206 0.98 (0.94, 1.02)

Academic stressor

Constant

-

-

-

-

-0.37 (0.11)

-0.30 (0.31)

0.000***

0.691

1.68 (1.42, 1.98)

1.42 (0.52, 3.88)

*** p<0.01, ** p<0.05, * p<0.1



Table 2. Persistence of Clinically Significant GAD symptoms During the Study (N=539). Persistence
was measured by (2a) the proportion of weeks for which GAD -7 ≥ 10 using a Zero-One Inflated Beta
Regression Model and (2b) participants for which GAD-7 ≥ 10 for all weeks of participation using a
Logistic Regression Model.

(2a) Proportion of weeks with GAD-7 ≥ 10 (2b) GAD-7 ≥ 10 for all weeks of participation

Time invariant
predictors

Mean
(SD)

Estimate
(SE)

P-value (95% CI) % (N) Estimate
(SE)

P-value Odds Ratio
(95% CI)

Gender
Female
Male

Nonbinary/Transgender

0.29 (0.34)
0.15 (0.27)
0.41 (0.34)

Reference
-0.09 (0.15)
0.22 (0.15)

0.528
0.284

0.82 (0.61, 1.10)
1.25 (0.92, 1.68)

9% (31)
5% (7)
14% (5)

Reference
0.10 (0.42)
0.30 (0.46)

0.817
0.507

1.20 (0.45, 3.16)
1.43 (0.45, 4.49)

Race
White

Non-white
0.26 (0.33)
0.23 (0.34)

Reference
-0.19 (0.19) 0.322 0.95 (0.68, 1.34)

8% (36)
11% (7)

Reference
0.42 (0.43) 0.324 2.04 (0.75, 5.55)

Personality Trait
Extraversion

Emotional Stability
Agreeableness

-
-
-

-0.07 (0.04)
-0.13 (0.06)
0.07 (0.05)

0.096
0.022**
0.151

0.90 (0.85, 0.96)
0.72 (0.65, 0.78)
1.11 (1.01, 1.22)

-
-
-

-0.32 (0.10)
-0.59 (0.15)
0.25 (0.16)

0.001***
0.000***
0.118

0.66 (0.51, 0.84)
0.47 (0.33, 0.67)
1.43 (1.02, 1.99)

Anxiety Diagnosis
No
Yes

0.16 (0.26)
0.42 (0.37)

Reference
0.50 (0.12) 0.231 1.64 (1.29, 2.09)

3% (9)
16% (34)

Reference
1.07 (0.41) 0.004*** 3.46 (1.30, 6.46)

Life Events Checklist
LEC = 0
LEC = 1
LEC ≥ 2

0.19 (0.30)
0.24 (0.33)
0.35 (0.35)

Reference
0.06 (0.13)
0.31 (0.13)

0.012**
0.022**

1.06 (0.81, 1.38)
1.36 (1.06, 1.74)

6% (13)
5% (8)
12% (22)

Reference
-0.37 (0.41)
0.15 (0.35)

0.364
0.678

0.63 (0.31, 1.49)
1.30 (0.57, 2.31)

Time dependent
predictors

Academic stressor
(Proportion of weeks)

- 0.74 (0.19) 0.002*** 2.09 (1.43, 3.04) - 0.69 (0.62) 0.264 2.56 (0.60, 6.63)

Constant - -0.81 (0.35) 0.221 0.44 (0.23, 0.88) - -1.39 (1.18) 0.240 0.35 (0.02, 2.53)

*** p<0.01, ** p<0.05, * p<0.1



Table 3. Development and Reduction in Clinically Significant GAD Symptoms During the Study.
Generalized Estimating Equations were used to quantify processes that affected the (3a) development
(GAD+) and (3b) reduction (GAD-) of anxiety symptoms.

(3a) GAD + (3b) GAD-

Time invariant predictors % (N) Estimate
(SE)

P-value (95% CI) % (N) Estimate
(SE)

P-value Odds Ratio
(95% CI)

Gender
Female (n=1854)

Male (n=741)
Nonbinary/Transgender (n=183)

22% (408)
16% (119)
18% (33)

Reference
-0.22 (0.12)
-0.24 (0.18)

0.063*
0.162

0.80 (0.64, 1.01)
0.79 (0.56, 1.11)

21% (398)
18% (132)
20% (36)

Reference
-0.10 (0.12)
-0.20 (0.19)

0.373
0.295

0.90 (0.72, 1.13)
0.83 (0.57, 1.19)

Race
White (n=2424)

Non-white (n=353)
21% (500)
17% (60)

Reference
-0.22 (0.14) 0.121 0.80 (0.61, 1.06)

21% (499)
19% (67)

Reference
-0.10 (0.15) 0.500 0.90 (0.68, 1.20)

Personality Trait
Extraversion

Emotional Stability
Agreeableness

-
-
-

0.03 (0.03)
-0.17 (0.04)
0.02 (0.04)

0.300
0.000***
0.306

1.03 (0.97, 1.10)
0.84 (0.77, 0.92)
1.04 (0.96, 1.12)

-
-
-

0.04 (0.03)
-0.20 (0.04)
0.02 (0.04)

0.226
0.000***
0.756

1.04 (0.98, 1.11)
0.82 (0.75, 0.88)
1.01 (0.96, 1.12)

Anxiety Diagnosis
No (n=1703)
Yes (n=1075)

19% (319)
21% (243)

Reference
0.12 (0.11) 0.791 1.02 (0.83, 1.26)

19% (317)
23% (250)

Reference
0.04 (0.10) 0.689 1.02 (0.93, 1.10)

Life Events Checklist
LEC = 0 (n=935)
LEC = 1 (n=844)
LEC ≥ 2 (n=1004)

19% (176)
20% (169)
22% (217)

Reference
-0.03 (0.12)
0.07 (0.11)

0.817
0.529

0.97 (0.77, 1.23)
1.07 (0.86, 1.34)

18% (171)
20% (165)
23% (231)

Reference
-0.05 (0.12)
0.23 (0.11)

0.659
0.043**

1.05 (0.83, 1.33)
1.25 (1.01, 1.56)

Time varying predictors

Week of Study - -0.04 (0.02) 0.080* 0.96 (0.91, 0.99) - -0.09 (0.03) 0.001*** 0.92 (0.87, 0.97)

Academic stressor

Constant

-

-

0.46 (0.10)

-0.93 (0.33)

0.000***

0.005***

1.58 (1.30, 1.92)

0.40 (0.21, 0.76)

-

-

-0.37 (0.11)

-0.30 (0.31)

0.001***

0.335

0.69 (0.56, 0.86)

0.74 (0.40, 1.36)

*** p<0.01, ** p<0.05, * p<0.1



Figure 1. Weekly distribution of anxiety scores (GAD-7) by predictors. 1a) Weekly average GAD-7
score by gender, 1b) Weekly average GAD-7 for those with and without a history of a diagnosis of an
anxiety disorder. 1c) Weekly average GAD-7 for those with potentially traumatic life events (LEC = 0, no
events; LEC = 1, one event; LEC ≥ 2, at least two events), 1d) Weekly average GAD-7 for those with and
without a test or project due in that week.



Figure 2: Transitions in moderate anxiety symptoms at the study population and participant level.
A) Transition matrix of participant trajectories of GAD-7 scores from week to week of the study. B)
Heatmap of GAD-7 Scores over the study period.

(3a) Moderate GAD (GAD-7 ≥10) Transition
Proportions

(3b) Heatmap of GAD-7 Scores by Participant

Week 1 Proportion
Population0 1

Week 2 0 0.29 0.83

1 0.71 0.17

Week 2

0 1

Week 3 0 0.40 0.90

1 0.60 0.10

Week 3

0 1

Week 4 0 0.56 0.95

1 0.44 0.05

Week 4

0 1

Week 5 0 0.35 0.85

1 0.65 0.15

Week 5

0 1

Week 6 0 0.18 0.86

1 0.82 0.14

Week 6

0 1

Week 7 0 0.31 0.89

1 0.69 0.11


