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ARTICLE INFO ABSTRACT

Keywords: Initial reports suggest that mental health problems were elevated early in the COVID-19 pandemic. However, few
COVID-19 studies have followed-up participants as the pandemic evolved and examined both between and within person
Adolescents

predictors of symptom trajectories. In the current study, adolescents and young adults (N=532) in New York
were surveyed monthly between March 27" and July 14™, 2020, a period spanning the first peak and subsequent
decline in COVID-19 infection rates in the region. Surveys assessed symptoms of depression and anxiety using the
Child Depression Inventory and the Screen for Child Anxiety Related Disorders, as well as experiences related to
the pandemic. Multilevel growth modeling indicated that symptoms of depression and anxiety peaked around
late April/early May and then decreased through May-July. Some pandemic experiences followed a similar
quadratic trajectory, while others decreased linearly across the study. Specific relationships emerged between
some types of pandemic experiences and depression and anxiety symptoms. While symptoms of depression and
anxiety in youth may have been elevated early in the pandemic, these findings suggest they subsided across
Spring-Summer of 2020, with higher levels of both corresponding to a period of peak infection rates and de-

Young adults
Mental health
Depression
Anxiety

creases paralleling the decline in pandemic experiences and COVID-19 infection rates.

1. Introduction

On March 11 2020, the World Health Organization declared that
the escalating novel coronavirus (COVID-19) outbreak had reached the
level of pandemic (World Health Organization, 2020), heralding a
period of drastic change in the lives of individuals across the globe. The
COVID-19 pandemic brought widespread stressors including job loss,
restricted activity and social interaction, and substantial changes to the
structure of work and education, prompting many to worry about an
accompanying mental health crisis (Gruber et al., 2020). Research from
early in the pandemic mostly confirmed these fears, finding elevated
rates of depression and anxiety, primarily in Asian and European sam-
ples (Torales et al., 2020; Vindegaard and Benros, 2020) where the virus
first spread, with a few recent reports from the U.S. (Ettman et al., 2020;
Holman et al., 2020; Twenge and Joiner, 2020). However, it is unclear
whether depression and anxiety remained elevated in the months after
the start of the pandemic as this unprecedented crisis evolved.

A small handful of studies have employed longitudinal cohort de-
signs to explore within-person changes in mental health symptoms
during the pandemic. Among these, results have been mixed, with some
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studies showing increases (Gopal et al., 2020; Planchuelo-Gomez et al.,
20205 Salfi et al., 2020), some showing decreases (Zhou et al., 2020) and
some showing no change (Probst et al., 2020). These inconsistencies are
likely due to a number of factors, including differences in the timing of
assessment relative to the timeline of the pandemic and shut-down
measures, and regional differences in the severity and containment of
the COVID-19 outbreak. Just one of these studies was conducted in the
U.S., which has led the world in COVID-19 cases and deaths since late
March 2020 (McNeil Jr., 2020). Across 3 assessments of a national
sample from April 20 to May 22", Zhou et al. (2020) found that
symptoms of depression and anxiety were higher at later compared to
earlier assessment waves. It is unclear how these changes correspond to
the timeline of the pandemic, however, as the timing and extent of
COVID-19 infection and public response has varied widely across re-
gions within the U.S.

New York State, and particularly New York City and adjacent Long
Island, was the first U.S. region to see a dramatic spike in COVID-19
infection. New onset cases escalated sharply through the end of March
and early April, with aggressive confinement measures (e.g., shelter-in-
place order, mandated wearing of masks in public) leading to a decline
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in new cases through the end of Spring into early Summer 2020 (Centers
for Disease Control, 2020). The current study explores changes in
depression and anxiety symptoms in a sample of adolescents and young
adults (primarily high school and college students) from Long Island
across this critical period in the region (see Fig. 1, which displays the
timing of study participation relative to COVID-19 infection in New York
state). Youth may be particularly vulnerable to the disruptions associ-
ated with the COVID-19 pandemic, as most have had to abruptly adjust
to online learning, many college students had to leave campus and move
back home with family, and social interaction was restricted during this
critical time of social development (Loades et al., 2020). Further, a few
cross-sectional studies have found that younger age is associated with
worse mental health during the pandemic (Huang and Zhao, 2020;
Wang et al., 2020).

Participants in two ongoing longitudinal studies completed up to 3
monthly surveys assessing symptoms of depression and anxiety, along
with various experiences related to the pandemic (e.g., life changes,
school problems, concern about infection). Surveys were completed
between March 27% and July 14%, 2020. We used multilevel growth
modeling to capture the trajectory of symptoms and pandemic experi-
ences across Spring-Summer 2020. We then explored predictors of
depression and anxiety symptoms across the study period, including age,
sex, symptoms of depression and anxiety before the pandemic and both
between and within-person effects of pandemic experiences.

2. Methods
2.1. Participants

The sample included 532 adolescents and young adults who partic-
ipated in one of two longitudinal investigations at Stony Brook
University.

2.1.1. Stony brook temperament study (SBTS)

The SBTS is an ongoing longitudinal study designed to explore early
antecedents and pathways to depressive and anxiety disorders in a
community-based sample of youth from Long Island, New York. Families
with a 3-year-old child were contacted through commercial mailing lists
and were eligible to participate if the primary caretaker spoke English
and was the child’s biological parent, and if the child did not have a
significant medical disorder or developmental disability. Following the
age 3 assessment, families were invited to participate in follow-up as-
sessments when their child was approximately age 6, 9, 12, 15, and 18.
Greater detail on the SBTS can be found elsewhere (Klein and Finsaas,
2017). Pre-pandemic symptom scores used as covariates in the current
study were taken from the 5 wave of data collection (age 15; n = 450,
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73.9% baseline sample; July 2016-2019).

2.2.2. Impact of puberty on affect and neural development across
adolescence (iPANDA) project

The iPANDA project is an ongoing, multi-method, longitudinal study
aimed at investigating within-subject trajectories of reward sensitivity
and depressive symptoms in a large community sample of adolescent
girls from Long Island, New York (Burani et al., 2019). Participants were
initially recruited using commercial mailing lists, posted flyers, online
postings, and word of mouth. Families were eligible to participate if they
had a daughter between the ages of 8-14 with no known medical or
developmental disability, a biological parent willing to participate, and
the ability to read and write English. Following the first (i.e., baseline)
wave of data collection (ages 8-14), participants were reassessed at
two-year intervals (i.e., ages 10-16 for the second wave and 12-18 for
the third wave). Pre-pandemic symptom scores used as covariates in the
current study were taken from the second wave of data collection (ages
10-16; n = 263, 83% of the baseline sample; November 2014-August
2017).

2.2. Procedures

All participants in the SBTS and iPANDA project were invited to
participate in the current study. Participants were sent three surveys,
monthly, via email between late March and mid-June 2020. The three
surveys consisted of a battery of questionnaires assessing experiences
related to the COVID-19 pandemic and symptoms of depression and
anxiety. Participants had approximately one month to complete each
survey and received periodic reminders until they completed the survey
or it expired. Most participants completed the first survey between
March 31%t and April 15t (median date = April 4th, range = March 27t
May 151, the second survey between April 29" and May 14" (median
date = May 5th, range = April 27" - June 30™) and the third survey
between May 29™ and June 14" (median date = June 3", range = May
25t _ July 14™). The entire study period spanned March 27% 0 July
14% 2020.

Written informed consent was obtained from individuals 18-years-
old or older prior to completing the first survey. Parents provided con-
sent for participants under the age of 18 prior to contacting the minor
directly, who then provided assent before completing the first survey.
Study procedures were approved by the Stony Brook University Insti-
tutional Review Board.

Fig. 1. Past 7-day averages of new COVID-19
cases in New York State between March 3™
and July 14™, 2020 (left y-axis, light grey line),

and number of participants who completed the
COVID-19 assessment (right y-axis, dark gray
bars). The shaded region shows the dates (April
New 27% 2020 and July 14™, 2020) during which
COVID-19 participants completed the study surveys. All
Cases COVID-19 statistics were obtained daily from

the Centers for Disease Control and Prevention
COVID-19 Data Tracker (https://covid.cdc.
gov/covid-data-tracker/#trends_dailytrends).

Daily Number of Participants who
Compled Study Survey
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2.3. Measures

2.3.1. Psychopathology symptoms

Children’s Depression Inventory (CDI). The CDI is a 27-item self-
report questionnaire designed to assess symptoms of depression occur-
ring in the past 2 weeks in youth ages 7-17 (Kovacs, 1992). Although
many of our participants are over the age of 17, we used the CDI to
maintain continuity across participants and with prior waves of assess-
ment. Items are rated on a 3-point scale and summed to create a total
symptom severity score. Adequate reliability and validity of the CDI has
been demonstrated (Dougherty et al., 2018). Additionally, treatment
studies have demonstrated that the CDI is sensitive to change across a
2-3 month time period (e.g.,Weisz et al., 1997). In our sample, the CDI
possessed excellent internal consistency (o = .90-.91, surveys 1-3).

Screen for Child Anxiety Related Disorders (SCARED). The
SCARED is a 41-item inventory designed to measure symptoms of anx-
iety over the past month in youth aged 8-18 (Birmaher et al., 1997).
Participants rate the frequency of anxiety symptoms from almost never
(0) to often (2). The SCARED is composed of 5 subscales capturing
different clusters of anxiety symptoms that can be summed to create a
total anxiety score. In the current study, we focused exclusively on the
total score. Similar to the CDI, we used a youth measure of anxiety to
maintain continuity across participants and with prior waves of assess-
ment. However, the school phobia subscale was excluded because it was
not relevant for the older participants, so the total anxiety score was
based on the 37-items from the remaining subscales. The SCARED has
demonstrated adequate psychometric properties (Rappaport et al.,
2017) and has been shown to be sensitive to change over a 2-3 month
period (e.g., Muris et al., 2009). Internal consistency in our sample was
excellent (a = .94-.95, surveys 1-3)

2.3.2. Pandemic experiences

We created a survey for the COVID-19 study to capture experiences
related to the pandemic, drawing on measures developed to assess the
impact of prior natural and man-made disasters on everyday life (e.g.,
for Hurricane Ike and Hurricane Katrina; Goldmann and Galea, 2014;
Norris et al., 2010) and personal accounts reported in local and national
news. Twenty-six items were combined to create 5 composites capturing
different domains of experience related to the pandemic. The life changes
composite included a checklist of 14 changes in life circumstances
related to the pandemic (e.g., job moved online, forced to change where
you live). Scores ranged from 0-11 (M=3.38, SD=1.67). The infection
concerns composite included 2 items probing concern about and
perceived likelihood of becoming infected with COVID-19, rated on a
Likert-scale from 0 (not at all) to 4 (extremely). Scores ranged from 0-8
(M=2.75, SD=1.49; Cronbach’s alpha = .62) The school concerns com-
posite included a checklist of 4 school-related concerns (e.g., online
classes being lower quality). Scores ranged from 0-4 (M=1.10, SD=1.09;
Cronbach’s alpha = .76). The home confinement concerns composite
included a checklist of 3 concerns related to being largely restricted to
home (e.g., experiencing “cabin fever”). Scores ranged from 0-3
(M=1.23, SD=0.93; Cronbach’s alpha = .73). Finally, the basic needs
concerns subscale included a checklist of 3 concerns related to having
one’s basic needs met (e.g., not having enough food or supplies). Scores
ranged from 0-3 (M=0.47, SD=0.72; Cronbach’s alpha = .71).

2.4. Data analysis

We conducted multilevel growth modeling to assess change in
depression, anxiety and pandemic experiences across late March to mid-
July 2020. Multilevel growth models combine fixed effects (single
population parameter), random effects (variability around that param-
eter), and time trends to capture inter-individual variability in intra-
individual patterns of change (Curran et al., 2010). In the current
study, Time was coded as weeks since April 1%, 2020, centering time
around this date. This date was chosen as it was an easy reference point
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for evaluating change across the calendar months, was a significant
period of escalation in COVID-19 infection in this region (see Fig. 1), and
is near the median date on which the first survey was completed.
Convergence issues can arise when observed variances are very large, as
was the case for models with Time coded in weeks. Muthén and Muthén
(2017) recommend keeping sample variance values within 1-10. Thus,
Time was scaled down by dividing the “weeks” value by 4, so that a
1-unit change in Time represented expected change in a 4-week or
approximately 1-month period, while preserving differences at the week
level (i.e., a 0.25-unit change in Time is equal to 1 week).

First, we fit a series of unconditional growth models to establish the
average trajectories of depression and anxiety symptoms and the 5
pandemic experiences composites. For each outcome, we started with a
baseline random intercept only model (model 0) to calculate intraclass
correlations coefficients (ICC)' ! and saved model fit information for
comparisons to more complex models. In the next model (model 1), we
added a fixed slope effect representing the average rate of linear change
in the outcome across the study. Then we added a random slope effect
(model 2) to capture individual variability in the rate of linear change
and estimated covariance between the random intercept and slope. In
the final model (model 3), we added a fixed curve effect to capture
quadratic change in the outcome. Models with random curve effects
were not identified for our data.

We used the following criteria to determine which growth model best
captured the trajectory of each outcome. First, we conducted likelihood
ratio tests (LRT) to compare the fit of nested models (model 0 is nested
within model 1, which is nested within model 2, which is nested within
model 3). A significant LRT indicates that the added effect improves
model fit over the less complex model. Next, we considered whether the
added effect was statistically significant. The most complex model that
met these criteria was selected as the best-fitting model.

To identify factors that impacted the trajectories of depression and
anxiety, we fit conditional growth models of the two symptom scores,
adding predictors to the best fitting unconditional growth model. To
separate within- and between-person effects of the pandemic experience
composites, we included both a person-mean centered version of the
composites (i.e., subtracting each person’s average composite score
from their score at each wave) as a level one, time-varying predictor and
the person means of the composites as level two, time invariant pre-
dictors. This allowed us to examine both the impact of reporting greater
pandemic experiences at a given time-point relative to one’s average
levels and of reporting greater pandemic experiences on average relative
to other individuals across spring-summer (Curran and Bauer, 2011). We
also included age, female sex, and depression and anxiety symptom
scores from the prior (pre-pandemic) wave of data collection as level
two, time-invariant predictors. In addition, we included interactions of
the slope and curve effects with all time-invariant predictors. With the
exception of female sex, all time invariant predictors were grand mean
centered.

All models were computed with version 1.1-23 of Ime4 (Bates et al.,
2014) and version 3.1-3 of ImerTest (Kuznetsova et al., 2016) packages
for R using Full Information Maximum Likelihood estimation, which
produces unbiased estimates (when data are missing at random) using
all data available (Enders, 2013), allowing us to include participants
who did not complete all 3 surveys.

! In the context of longitudinal data nested within persons, the ICC is the
proportion of variance due to between-person (vs. within-person) differences.
Larger ICCs indicate greater variance between persons and thus greater stability
within persons across time.
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3. Results
3.1. Sample characteristics

A total of 532 participants (340 and 192 from the SBTS and iPANDA
project, respectively) completed at least 1 survey for the COVID study
(505 completed the first survey, 432 the second survey, and 402 the
third survey; 360 completed all 3 surveys, 88 completed 2 surveys and
84 completed 1 survey). Participants ranged in age from 12-22 years old
(M = 17.34, SD = 1.5) and were predominantly female (69%) and in
high school (63.7%). Most participants were White/Non-Hispanic
(82%), with a college educated parent (62.4%) and were not working
at the time of the survey (91.2%). Compared to the SBTS sample,
iPANDA participants were older on average, t(530) = 114.67, p < .001,
more likely to have a college educated parent, y%(1) = 11.23, p = .001,
and be employed during the study, ¥%(1) = 10.75, p < .001, and less
likely to be in high school, ¥%(1) = 96.60, p < .001. Participants who
completed 1, 2 or all 3 surveys for the COVID-19 study did not differ on
any demographic variables.

Table 1

Psychiatry Research 298 (2021) 113778

3.2. Unconditional growth models

Table 1 displays the results of all unconditional growth models. Fig. 2
displays the model-estimated trajectories for each outcome from the
best-fitting model.

3.2.1. Psychopathology symptoms

Change in symptoms of depression across the study is best captured
by the quadratic model (model 3). The model is characterized by initial
linear increase (positive slope effects), t(822) = 4.54, p < .001, with
variability in the rate of linear change (95% CI = 0.44-2.13), followed by
accelerated decline (negative curve effects), t(818) = -5.56, p < .001.
Similar to depression, change in symptoms of anxiety is best captured by
the quadratic model, which is characterized by initial linear increase
(positive slope effects), t(814) = 42.12, p = .034, with variability in the
rate of linear change (95% CI = 1.32-5.11), followed by accelerated
decline (negative curve effects), (809) = -3.80, p < .001. The correla-
tion of the random intercept and slope effect is not significant for either
of the best-fitting models, indicating that symptom levels in early April
are not associated with the rate of linear change in symptoms across
April-July 2020.

Unconditional multilevel growth models of symptoms and pandemic experience composites.

Outcome Model Intercept Intercept Time Time (Slope) Intercept- Slope Time AIC BIC Deviance XZDiff
Variance (Slope) Variance Correlation (Curvature)
Symptoms
Depression 1 10.04 55.37 -0.19 - - - 8192.9 8213.6 8184.9 3.31
(0.4) (0.1)
ICC = .841 2 10.07 53.68 -0.21 1.15* .06 - 8184.5 8215.6 81725 12.39*
(0.4) 0.1)
3 9.60(0.4) 53.34 1.43 1.24* .09 -0.66(0.1)* 8156.4 81927 8142.4 30.09*
(0.3)*
Anxiety 1 20.67 167.76 -0.62 - - - 9322.9 9343.6 93149 16.32*
(0.6) (0.2)*
ICC = .887 2 20.71 162.92 -0.64 2.86* .05 - 9311.6  9342.7  9299.6 15.33*
(0.6) (0.2)*
3 20.26 162.58 0.96 3.12% .06 -0.64(0.2)* 9299.4 93357  9285.4 14.15*
(0.6) (0.5)*
Pandemic Experiences
Life Changes 1 3.63(0.1) 1.54 -0.20 - - - 4839.3 4860.1 4831.3 31.32*
(0.0)*
ICC = .536 2 3.63(0.1) 1.56 -0.20 0.11* -14 - 4836.0 4867.2  4824.0 7.23*
(0.0)*
3 3.45(0.1) 1.61 0.43 0.15* -19 -0.25(0.0)* 4799.6  4836.0  4785.6 38.44*
(0.1)*
Infection Concerns 1 3.04(0.1) 1.11 -0.26 - - - 4509.2 4529.9 4501.2 56.28*
(0.0)*
ICC = .473 2 3.05(0.1) 1.53 -0.26 0.22% -.49* - 4490.2  4521.3  4478.2 22.95*%
(0.0)*
3 3.05(0.1) 1.53 -0.28 0.22* -.49* 0.01(0.0) 4492.1 4528.4 4478.1 0.08
(0.1)*
School Concerns 1 1.33(0.0) 0.58 -0.20 - - - 3761.5 37823 37535 60.49*
(0.0)8
ICC = .450 2 1.33(0.1) 0.93 -0.19 0.10* -.64* - 3737.4 3768.6  3725.4 28.15*
(0.0)*
3 1.26(0.1)  0.92 0.04(0.1)  0.10* -.61* -0.09(0.0)* 3728.4 3764.8 3714.4 11.00*
Home Confinement 1 1.37(0.0) 0.40 -0.13 - - - 3335.9 3356.7 3327.9 35.46*
Concerns (0.0)*
ICC = .460 2 1.37(0.0) 0.47 -0.13 0.02 -39 - 3338.1 3369.3  3326.1 1.81
(0.0)*
3 1.31(0.0) 0.47 0.07(0.1)  0.02 -.38 -0.08(0.0)* 3329.0 3365.3 3315.0 11.11*
Basic Needs 1 0.59(0.0) 0.24 -0.10 - - - 2664.7 26855  2656.7 38.78*
Concerns (0.0)*
ICC = .447 2 0.59(0.0) 0.37 -0.10 0.02* -77* - 2646.9  2678.1  2634.9 21.78*
(0.0)*
3 0.60(0.0) 0.37 -0.16 0.02* -79% 0.02(0.0) 2647.2  2683.6  2633.2 1.76
(0.0)*

Note: Model 1 = linear growth model with a fixed slope; Model 2 = linear growth model with a random slope; Model 3 = quadratic growth model with a random slope
and fixed curvature; y’pir = likelihood ratio test comparing fit of nested models as follows: model 1 is compared to a model with the random intercept as the only
predictor (results not shown), model 2 is compared to model 1, model 3 is compared to model 2; Time is coded as months since April 1%, 2020; Acronyms are defined as
follows: AIC = Akaike Information Criteria, BIC = Bayesian Information Criteria, ICC = intraclass correlation; Significant time effects and likelihood ratio tests are

bolded*.
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Fig. 2. Model-estimated trajectories of symptoms of depression and anxiety and pandemic experiences from April-July 2020.

3.2.2. Pandemic experiences

The quadratic model also provides the best fit for the Life Changes,
School Concerns and Home Confinement Concerns composites. The
best-fitting model for Life Changes is characterized by initial linear in-
crease (positive slope effects), {(860) = 3.79, p < .001, with variability
in the rate of linear change (95% CI = 0.06-0.32), followed by accel-
erated decline (negative curve effects), t(850) = -6.05, p < .001. The
best-fitting model for School Concerns is characterized by no initial
linear change on average (non-significant slope effects), t(879) = 0.54,
p = .591, with variability in the rate of linear change (95% CI = 0.05-
0.15), followed by accelerated decline (negative curve effects), t(865) =
-3.37, p < .001. The best-fitting model for Home Confinement Concerns
is characterized by no initial linear change (non-significant slope ef-
fects), t(900) = 1.17, p = .241, with no variability in the rate of linear
change (95% CI = 0.00-0.05), followed by accelerated decline (negative
curve effects), t(859) = -3.35, p < .001. The random intercept-slope
correlation is not significant for Life Change or Home Confinement
Concerns; however, it is significant for School Concerns (r = -.61, 95%
CI = -.72- -.47), indicating that higher levels of School Concerns in early
April are associated with steeper linear decreases in School Concerns.

The random linear growth model fit best for Infection Concerns and
Basic Needs Concerns. The best-fitting model for Infection Concerns is
characterized by linear decline across the study (negative slope effects), t
(429) = -6.87, p < .001, with variability in the rate of linear change
(slope variance = 0.22; 95% CI = 0.12-0.31). The best-fitting model for
Basic Needs Concerns is similarly characterized by linear decline across
the study (negative slope effects), t(387) = -6.11, p < .001, with vari-
ability in the rate of linear change (slope variance = 0.02; 95% CI =
0.002-0.04). The random intercept-slope correlation is significant for
both Infection Concerns (r = -.49, 95% CI = -.62- -.32) and Basic Needs
Concerns (r =-.77, 95% CI = -1.00- -.59), indicating that higher levels of
Infection and Basic Needs Concerns in early April are associated with
steeper linear decreases in Infection and Basic Needs Concerns,

respectively.

3.3. Conditional growth models

Table 2 displays the results of the conditional growth models of
depression and anxiety symptoms.

3.3.1. Depression

After controlling for age, sex, pre-pandemic symptoms of depression
and anxiety and concurrent pandemic experiences, the slope, t(771) =
1.48, p =.139, and curve, t(760) = -1.56, p = .119, effects for depression
were no longer significant, however, there remains significant vari-
ability in the slope (95% CI = 0.43-2.07). There were significant main
effects of pre-pandemic depression, t(537) = 8.52, p < .001, and anxiety,
t(515) = 2.20, p = .028, indicating that higher symptoms of depression
and anxiety before the pandemic are associated with more severe
symptoms of depression on April 1% (when Time = 0).

Although the main effect of age is not significant, there were sig-
nificant interaction effects of age with the slope, t(778) = -3.56, p <
.001, and curve, t(761) = 3.55, p < .001, of depression. To probe these
interactions, we estimated the simple slopes for participants at ages 16,
17, 18 and 19, as 87% of participants fall within this age range. Fig. 3
displays the model-estimated trajectories of depression for each age
group. Change in depression is characterized by a positive slope for 16-,
(estimate = 2.45, SE = 0.49, t = 5.01, p < .001), 17- (estimate = 1.62,
SE =0.35,t=4.61, p < .001), and 18-year-olds (estimate = 0.79, SE =
0.34, t = 2.32, p = .02), but a non-significant slope for 19-year-olds
(estimate = -0.04, SE = 0.47, t = -0.09, p = .93), and negative curve
effects for 16- (estimate = -0.93, SE = 0.18, t = -5.15, p < .001), 17-
(estimate = -0.63, SE = 0.13, t = -4.76, p < .001), and 18-year-olds
(estimate = -0.34, SE = 0.13, t = -2.62, p = .01), but not 19-year-olds
(estimate = -0.04, SE = 0.17, t = -0.25, p = .80).

In terms of pandemic experiences, significant main effects were
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Table 2
Conditional multilevel growth models of depression and anxiety symptoms.
Depression Anxiety
Effect Estimate Variance of Random Covariance of Random Effect Estimate Variance of Random Covariance of Random
(SE) Effect Effects (SE) Effect Effects
Intercept 8.63(0.5)* 25.80* -.02 17.10(0.9)* 75.33* 0.07
Time (Slope) 0.91(0.6) 1.21* - 0.99(0.9) 2.71% -
Time (Curvature) -0.38(0.2) - - -0.43(0.3) - -

Main Effect
Estimate (SE)

Slope Interaction
Estimate (SE)
Time Invariant Covariates

Age -0.24(0.2) -0.83(0.2)* 0.30(0.1)*
Female 0.89(0.7)* 0.34(0.8) -0.12(0.3)
Pre-pandemic Depression ~ 0.53(0.1)* -0.01(0.1) 0.00(0.0)
Pre-pandemic Anxiety 0.07(0.0)* 0.04(0.0) -0.01(0.0)
Mean Life Changes 0.15(0.2) 0.49(0.3) -0.18(0.1)
Mean Infection Concerns 0.32(0.3) 0.06(0.3) -0.05(0.1)
Mean School Concerns 1.88(0.3)* 0.50(0.4) -0.21(0.2)
Mean Home Confinement 1.05(0.4)* -0.03(0.4) -0.04 (0.2)
Concerns
Mean Basic Needs 0.88(0.6) -0.37(0.6) 0.21(0.2)
Concerns
Time Varying Covariates
Life Changes -0.13(0.1)
Infection Concerns 0.18(0.1)
School Concerns 0.60(0.2)*
Home Confinement 0.44(0.2)*
Concerns
Basic Needs Concerns -0.16(0.2)

Curvature Interaction
Estimate (SE)

Main Effect
Estimate (SE)

Curvature Interaction
Estimate (SE)

Slope Interaction
Estimate (SE)

-1.36(0.3)* -0.10(0.3) 0.12(0.1)
3.70(1.1)* -0.34(1.1) -0.10(0.4)
1.72(0.1) 0.09(0.1) -0.04(0.0)
0.57(0.1)* 0.00(0.1) 0.00(0.0)
0.07(0.4) 0.31(0.4) -0.09(0.1)
0.80(0.4) 0.38(0.4) -0.18(0.2)
1.82(0.6)* -0.07(0.6) 0.11(0.2)
0.32(0.6) 0.34(0.6) -0.06(0.2)
2.17(0.9)* -0.37(0.9) 0.09(0.4)
0.10(0.2)

0.41(0.2)*

0.21(0.2)

0.31(0.3)

0.02(0.3)

Note: SE = standard error; Time is coded as months since April 1%, 2020; significant effects are bolded*.
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Fig. 3. Model-estimated trajectories of depression symptoms for different
age groups.

observed for (time invariant) mean School Concerns, t(540) = 5.49, p <
.001, and Home Confinement Concerns, t(531) = 2.67, p = .008, indi-
cating that individuals reporting greater School and Home Confinement
Concerns, on average, had more severe depression symptoms in early
April. Additionally, significant main effects were observed for (time-
varying) deviations from individuals’ mean levels of School Concerns, t
(747) = 3.90, p < .001, and Home Confinement Concerns, t{(736) = 2.57,
p = .01, indicating that greater than average (for that person) School
and Home Confinement Concerns were associated with more severe
depression symptoms over the spring and early summer.

3.3.2. Anxiety

Similar to depression, after controlling for age, sex, pre-pandemic
symptoms and concurrent pandemic experiences, the slope, #(758) =
1.10, p = .273, and curve, t(748) = -1.22, p = .224, effects for anxiety
were no longer significant, however, there remains significant vari-
ability in the slope (95% CI = 0.97-4.67). Significant main effects were
found for age, t(537) = -3.96, p < .001, sex, t(527) = 3.40, p = .001, and
pre-pandemic anxiety, {(508) = 11.12, p < .001, indicating that younger
age, female sex and higher symptoms of anxiety before the pandemic are

associated with more severe symptoms of anxiety on April 1%,

Significant main effects were observed for (time invariant) mean
School Concerns, t(535) = 3.21, p = .001, and Basic Needs Concerns, t
(540) = 2.39, p = .017, indicating that individuals reporting greater
School and Basic Needs Concerns, on average, had more severe anxiety
symptoms in early April. Additionally, significant main effects were
observed for (time-varying) deviations in Infection Concerns, t(738) =
2.55, p = .011, indicating that greater than average (for that person)
Infection Concerns were associated with more severe anxiety symptoms
over the spring and early summer. No significant interaction effects were
found between any of the time invariant predictors and the slope and
curve effects.

Sensitivity analyses controlling for demographic variables that
differed between samples and study (i.e., SBTS vs. iPANDA) produced
substantively identical results.

4. Discussion

The current study explored patterns of within-person change in
symptoms of depression and anxiety and pandemic experiences of youth
living in Long Island, New York from late March to mid-July 2020, a
critical period in the course of the COVID-19 pandemic in this region.
Results suggest that, on average, symptoms of depression and anxiety
increased slightly through April to a peak around late April/early May,
and then decreased at an accelerating rate through July. Life changes
due to COVID-19, such as having to move or being laid-off from work,
followed a similar pattern of slight peaking followed by accelerating
decline through July. Concerns about school and being confined at home
did not show an initial increase in April, but declined at an accelerating
rate across May-July, and concerns about becoming infected with
COVID-19 and having one’s basic needs met decreased linearly across
April-July 2020.

Peaking of depression and anxiety symptoms and pandemic-related
life changes occurred a few weeks later than the peak in COVID-19 in-
fections in New York (see Fig. 1). This suggests that the impact of
increasing infection rates on individuals’ lives occurs through down-
stream mechanisms that trail infection rates (e.g., policy changes, spread
of information). We make this comparison cautiously, however, because
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our assessments probe pandemic experiences and anxiety symptoms
over the past month and depressive symptoms over the past two weeks,
so the timing of changes is not precise. Regardless, we see a clear pattern
where symptoms of depression and anxiety and pandemic experiences
were greater in April, when the rates of COVID-19 are highest and soon
after a number of important community-level changes occurred in this
region (e.g., school and business shut-downs). These symptoms and
experiences then decreased across May-July as infection rates rapidly
declined.

These findings shed light on why previous studies have reported
conflicting patterns of change in mental health symptoms and stress
across the pandemic. Depending on the timing of assessment, prior
studies may have captured an early period of increase or a later period of
decline that doesn’t represent the overall pattern of change during the
pandemic. For example, Salfi et al. (2020) found that symptoms of
depression and anxiety increased over a one-month period spanning
roughly week 3-7 of home confinement measures in Italy. We similarly
found that symptoms increased from about week 2-6 of the New York
state shutdown.

Notably, we observed significant variance in the random intercepts
and slopes of all of our growth models, suggesting that there is signifi-
cant variability between individuals in the level of symptoms and
pandemic experiences in early April and the subsequent rate of change
across Spring-Summer. Explaining these individual differences is critical
for identifying subgroups who are more vulnerable to negative impacts
of the pandemic. In the current paper, we made preliminary attempts to
account for these individual differences, though much remains to be
explored.

First, we found significant intercept-slope correlations for some of
the pandemic experiences composites. Participants with higher initial
levels of concern about infection with COVID-19, school problems and
having one’s basic needs met demonstrated steeper declines in these
pandemic experiences across the study. This could in part reflect
regression to the mean. In our conditional growth models of depression
and anxiety symptoms, we found that female sex and younger age (for
anxiety only), and higher pre-pandemic symptom levels were associated
with more severe symptoms in early April. We also found that age could
partially explain variance in the slope of depression, with younger
participants (16-18-year-olds) showing a peaking in symptoms in early
May and older participants (19-year-olds) showing no change in symp-
toms across the study. Research on prior disasters has consistently
identified female sex, prior mental health conditions and younger age as
predictors of worse mental health following the disaster (Goldmann and
Galea, 2014), and it appears that the COVID-19 pandemic is no excep-
tion (Vindegaard and Benros, 2020).

Finally, greater school and home confinement concerns were asso-
ciated with higher levels of depression symptoms, both within and be-
tween persons. In other words, reporting a greater average level of
concern about school and being stuck at home across spring-summer
was associated with more severe depression symptoms in early April.
Further, reporting a higher degree of these concerns relative to one’s
average level was associated with more severe concurrent symptoms of
depression. Individuals reporting greater school and basic needs con-
cerns on average reported greater anxiety symptoms in early April and
greater infection concerns than average for an individual were associ-
ated with more severe concurrent anxiety symptoms across Spring-
Summer. These findings suggest that adverse pandemic experiences
indeed accompany more severe symptoms in youth and that some do-
mains of experience are more/less relevant to specific types of mental
health problems. For example, the loneliness and isolation of being
confined to one’s home may be more relevant to risk for depression,
whereas problems with online school possess both elements of danger (e.
g., of not passing classes) relevant to risk for anxiety and loss (e.g., the
education and associated opportunities one is missing out on) specific to
risk for depression (Brown et al., 1993; Finlay-Jones and Brown, 1981;
Kendler et al., 2003). However, the direction of association cannot be
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determined with this data. Additional survey follow-ups currently un-
derway will allow us to clarify this.

It is notable that, in this sample of adolescents and young adults, the
school concerns composite was associated with greater severity of both
depression and anxiety symptoms. This suggests that, for youth, the
impact of the pandemic on school functioning has been particularly
detrimental. Future research on adult populations should explore
whether the transition to online work has had a similar effect. Moreover,
basic needs concerns might have an even greater impact on the mental
health of individuals who are older and more likely to be responsible for
other individuals in their household.

4.1. Limitations

The many strengths of this study (e.g., timing, location, longitudinal
nature, extensive assessment of pandemic experiences and capturing
both their within and between-person associations with symptoms)
should be considered in light of its limitations. First, each individual
completed a maximum of three surveys. Additional surveys would allow
us to establish the direction of effects. Although we observed statistically
significant changes in symptom levels, it is not clear how clinically
meaningful these changes were. Our sample was relatively homogenous
with respect to race, ethnicity, education and employment status,
limiting generalizability to populations that are non-white, employed
and college-aged but not attending school. Finally, a large proportion of
SBTS and iPANDA project participants declined to participate in the
COVID-19 study, and attrition analyses suggest that these participants
differ substantially in their demographic profiles. Sensitivity analyses
suggest the study findings do not change substantively after controlling
for demographic variables; however, we cannot account for unmeasured
differences in the samples that could impact the generalizability of these
results.

4.2. Conclusion

The current study provides an initial picture of how symptoms of
depression and anxiety and pandemic experiences in adolescents and
young adults changed across Spring-Summer of 2020, a significant
period in the course of the ongoing COVID-19 pandemic in Long Island,
New York. Results suggest that, while symptoms were elevated early in
the pandemic, they subsequently declined. Further, the trajectories of
symptoms paralleled the trajectories of pandemic experiences and rates
of COVID-19 infection in New York, suggesting that fluctuations in the
pandemic accompany fluctuations in mental health problems. Further
research is needed to establish the direction of associations, as well as
moderators of these relationships.
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