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PANDEMIC STRESS AND TEEN INTERNALIZING PROBLEMS
Abstract
Background: Adolescence is a period of increased vulnerability for internalizing problems,
particularly following stressful life events. We examine how emotion regulation and brain
structure and function are associated with internalizing problems during the COVID-19
pandemic, and moderate the association between pandemic-related stressors and internalizing
problems.

of

Methods: Data are from a longitudinal sample (N=145, aged 10-15) strategically assessed at

ro

three crucial timepoints: prior to the pandemic, early during the stay-at-home order period, and

-p

again six months later. We examined associations of amygdala and hippocampal volume and

re

amygdala activation during an emotional processing task prior to the pandemic; use of emotion

lP

regulation strategies prior to and during the pandemic; and pandemic-related stressors with

na

internalizing problems.

Results: Greater exposure to pandemic-related stressors was associated with higher internalizing

ur

problems both early and later in the pandemic. Youths who reported more frequent use of

Jo

rumination before the pandemic and higher use of expressive suppression and lower use of
cognitive reappraisal early in the pandemic had higher internalizing problems early in the
pandemic. Higher left amygdala activation to neutral relative to fearful faces before the
pandemic was associated with greater internalizing problems and a stronger link between
pandemic-related stressors and internalizing problems early in the pandemic.
Conclusion: Pandemic-related stressors are strongly associated with adolescent internalizing
problems, as are individual differences in emotional reactivity and regulation and their
underlying neural mechanisms. Interventions that reduce pandemic-related stressors and foster
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adaptive emotion regulation skills may protect against adolescent psychopathology during this

Jo

ur

na

lP

re

-p

ro

of

period of heightened exposure to stress.
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Introduction
Adolescence is a period of increased risk for internalizing problems (1,2). Exposure to
stressful life events increases during adolescence, and adolescents experience heightened
vulnerability to developing stress-related anxiety and depression symptoms (3–6). The COVID19 pandemic has produced dramatic societal changes that have resulted in increased exposure to
numerous health, economic, and social stressors for adolescents. Internalizing problems have

of

increased during the pandemic in both adolescents and adults (7–11). However, the degree of

ro

exposure to pandemic-related stressors varies widely (10,12,13), and risk for internalizing

-p

problems related to these stressors is unlikely to be uniform. Identifying characteristics that

re

convey risk for or resilience to internalizing problems during the COVID-19 pandemic may help

lP

to generate targets for interventions to promote well-being during this period of heightened stress

na

exposure. This longitudinal study investigates how individual differences in multiple domains of
emotional processing—use of specific emotion regulation strategies, brain structure, and neural

ur

function during emotional processing—predict vulnerability to stress-related internalizing

Jo

problems during the COVID-19 pandemic.
Difficulties with emotion regulation, increased amygdala reactivity to threat, and smaller
hippocampal and amygdala volume are among the psychological and neural mechanisms that
may increase vulnerability for internalizing problems in children and adolescents in response to
stressful life events (14–16). Use of maladaptive emotion regulation strategies—like rumination
and suppression—is associated with elevated risk for internalizing problems in longitudinal
studies and meta-analyses of adults and adolescents (17–20). In contrast, greater use of adaptive
emotion regulation strategies, such as cognitive reappraisal (21), is less consistently associated
with psychopathology than maladaptive strategies (22–24). However, more habitual and
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effective use of cognitive reappraisal has a protective moderating influence on internalizing
problems among youth who experience stressful life events (25,26). In the context of the
COVID-19 pandemic, adolescents who engage in more cognitive reappraisal might be expected
to be more resilient to pandemic-related stressors, while adolescents who engage in more
expressive suppression and rumination might be expected to be more vulnerable to stress-related
increases in internalizing problems.

of

Heightened amygdala reactivity to threat-related cues, such as fearful or angry faces, or

ro

scenes depicting violence, may reflect that potential threats have greater emotional salience,

-p

leading to more intense negative emotional experiences and greater mobilization of defensive

re

responses (27–29). Heightened amygdala reactivity to potential threats is associated with

lP

depression and anxiety in adolescence, including in prospective studies (30,31). Moreover, the

na

prospective association between stressful life events and depression is stronger among youth
with higher amygdala reactivity to fearful and angry faces (15). Like the amygdala, the

ur

hippocampus is involved in the processing of emotionally salient stimuli and in regulating

Jo

physiological responses to stress and negative emotion (32–34), in addition to the central role it
plays in learning and memory (35). While the association between hippocampal and amygdala
volume and internalizing problems are inconsistent in children and adolescents (36–40), several
studies have found that lower hippocampal volume is associated with greater vulnerability to
internalizing problems following stressful life events. For example, maternal aggression is
associated with greater increases in depressive symptoms over time in early adolescents with
smaller hippocampal volume (41), and stressful life events are associated with elevated anxiety
only among participants with small hippocampal volume (42). Finally, the prospective
association between stressful life events and depression symptoms is stronger among youth with
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reduced hippocampal and amygdala volume (16). In the context of the COVID-19 pandemic,
adolescents with greater amygdala reactivity to threat cues and smaller amygdala and
hippocampal volume prior to the pandemic might be expected to be more vulnerable to stressrelated increases in internalizing problems.
The current longitudinal study examines whether emotion regulation strategy use,
amygdala reactivity to threat, and hippocampal and amygdala volume contribute to vulnerability

of

to internalizing problems in response to COVID-19 pandemic-related stressors. We expected that

ro

greater use of rumination and expressive suppression and less frequent use of cognitive

-p

reappraisal would be associated with more internalizing problems and magnify the association

re

between pandemic-related stressors and internalizing problems. Similarly, we expected that

lP

greater amygdala reactivity to threat and smaller amygdala and hippocampal volume—measured

na

prior to the pandemic—would be associated with greater internalizing problems and
vulnerability to stress-related internalizing problems. Due to the unprecedented nature and

ur

duration of the COVID-19 pandemic, we did not have specific hypotheses about how

Jo

associations might vary between early and later in the pandemic. However, pre-pandemic
internalizing problems were measured over two years earlier, and with a different scale than
during the pandemic. We therefore anticipated greater stability in internalizing problems from
early to later in the pandemic than from pre-pandemic to early in the pandemic. Thus,
statistically, risk and protective factors would likely be more strongly associated with changes in
internalizing problems early in the pandemic than later.
Methods
Participants

6
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Participants were drawn from a longitudinal study of children followed from age 3 and a
caregiver, with the initial aim of studying the development of self-regulation in childhood (43).
At age 11-12 years, between June 2017 and October 2018, participants completed a prepandemic baseline as part of a study examining mechanisms linking adverse childhood
experiences with psychopathology (44). Participants were excluded from the study based on the
following criteria: IQ < 80, active substance dependence, psychosis, presence of pervasive

of

developmental disorders (e.g., autism), and psychotropic medication use. We conducted two

ro

assessments of this sample during the COVID-19 pandemic. Youth and a caregiver completed

-p

questionnaires online between April and May of 2020 (Wave 1), and between November 2020

re

and January 2021 (Wave 2). See Figure 1 for a flowchart of participant recruitment and

lP

inclusion. Participant race and ethnicity is summarized in Table S1 in supplemental materials.

na

Participants who had complete data at each wave did not differ from participants missing data on

Measures

ur

any variable included in study analyses.

Jo

See Supplemental Materials for greater details on all measures, including psychometrics.
Rumination (Pre-pandemic baseline). The 13-item rumination subscale of the Children’s
Response Styles Questionnaire (CRSQ) (45) was used to assess use of rumination.
Pandemic-related Stressors (Wave 1 and Wave 2). We developed a set of questions to
assess pandemic-related stressors that was administered to children and caregivers. Stressors
were coded as present if they were endorsed by either the youth or their parent and summed,
using a cumulative risk approach (46). See supplemental materials and Table S2 for details. The
complete scale can be found at https://osf.io/drqku/.
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Cognitive Reappraisal and Expressive Suppression (Wave 1). The Emotion Regulation
Questionnaire (ERQ) (47) is a 10-item self-report questionnaire assessing the tendency to use
cognitive reappraisal and expressive suppression. Six items pertain to cognitive reappraisal and
four pertain to expressive suppression.
Internalizing problems (Pre-pandemic baseline, Wave 1, Wave 2). Internalizing problems
at the pre-pandemic baseline were assessed based on child report on the Youth Self-Report (48).

of

At the Wave 1 and Wave 2 COVID-19 follow-up assessments adolescents completed the

ro

Strengths and Difficulties Questionnaire, a 25-item scale comprised of five subscales, with five

-p

items each (50). To make the scales comparable, internalizing scores were scaled to values

re

between 0 and 1 (i.e. proportion of maximum scaling) (51).

lP

Emotional Processing fMRI Task (Pre-pandemic baseline)

na

The emotional processing task consisted of 2 runs of 9 18-second blocks, during which
participants passively viewed neutral, fearful, and scrambled face stimuli. Faces were drawn

ur

from the NimStim stimulus set (52). The “calm” faces from this dataset were used as neutral

Jo

expressions, as these expressions are potentially less emotionally evocative than neutral faces
(52), which can be perceived as negatively-valenced (52). Further details can be found in
Supplemental Materials.
MRI Acquisition and Preprocessing
Scanning was performed on a 3T Phillips Achieva scanner at the University of
Washington Integrated Brain Imaging Center (TR=2s, voxel size=3mm3 for the functional scan).
Preprocessing and statistical analysis of fMRI data was performed for the purposes of extracting
activation to fearful vs. neutral faces from left and right amygdala ROIs. Further details can be
found in Supplemental Materials.
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Structural MRI processing
Measures of hippocampal and amygdala volume and total intracranial volume were
obtained using automatic segmentation in FreeSurfer 5.3. Following prior work (16), right and
left volumes were summed to create bilateral hippocampal and amygdala volume measures. To
keep variables on a similar scale for regression analyses, subcortical volumes were divided by
1,000, and intracranial volume was divided by 1,000,000. Further details can be found in

of

Supplemental Materials.

ro

Procedures

-p

All study procedures were approved by the Institutional Review Board at Harvard

re

University. Habitual use of rumination, internalizing problems, and measures of brain structure

lP

and function were assessed at the pre-pandemic baseline. Pandemic-related stressors, use of

na

cognitive reappraisal and expressive suppression, and internalizing problems were assessed at
each of the Wave 1 and Wave 2 follow-up assessments during the pandemic. Legal guardians

ur

provided informed consent and youths provided assent via electronic signature obtained using

Jo

Qualtrics (Provo, UT). Once consent and assent was obtained for the pandemic follow-up
assessments, parents and children were separately provided with a link to surveys on RedCap
and asked to complete them. If children had trouble completing the surveys on their own, an
experimenter called via phone or video chat and read the questions aloud to the child and
recorded their responses.
Analyses
All analyses were conducted in R version 4.0.3 (54). We used a paired sample t-test to
evaluate change in internalizing problems from the pandemic Wave 1 to Wave 2 follow-up. The
associations between pandemic-related stressors and internalizing problems at the Wave 1 and
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Wave 2 follow-ups were evaluated using multiple linear regression, controlling for internalizing
problems at the previous assessment, sex, and age.
For each risk or protective factor, we fit 2 longitudinal path models. The first model
examined the main effect of each factor on internalizing problems at Wave 1 and Wave 2 (Figure
2A). The second model examined the interaction between each risk and protective factor with
exposure to pandemic-related stressors. For each model, both the risk or protective factor and

of

pandemic-related stressors reported at Wave 1 and Wave 2 were mean-centered, and an

ro

interaction term was computed by multiplying them (Figure 2B). Models all fit the data well.

-p

Model fit statistics and full model output for all models is presented in Supplemental Materials.

re

Because 14 total path models were examined, False Discovery Rate correction (53) was

lP

used to correct for multiple comparisons within each domain of analysis (emotion regulation: 6

na

models; amygdala activation: 4 models; amygdala and hippocampal volume: 4 models).
Therefore, False Discovery Rate-corrected p-values are indicated in all results and tables as

ur

FDR-p. Simple slopes analysis was used to follow up significant interactions. More detail, as

Jo

well as reproducible code and output (Rmarkdown) of all analyses are provided in the
Supplemental Materials, and all data and analysis code are available at
https://github.com/dgweissman/COVID.

Results
Descriptive Statistics
Descriptive statistics and bivariate associations between all variables are provided in
Table 1. See Figure S2 for the distribution of exposure to pandemic-related stressors.
Pandemic-related Stressors and Internalizing Problems
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Internalizing problems increased significantly during the pandemic from Wave 1 to Wave
2 (Mdif=1.18, 95% CI=0.59-1.77, t=5.80, df=116). Adolescents who experienced more
pandemic-related stressors early in the pandemic reported higher internalizing problems at the
pandemic Wave 1 assessment (unstandardized B=.834, SE=.134, standardized ß=.437, t=6.19,
df=138, p<.001), controlling for age, sex, and internalizing problems at the pre-pandemic
baseline. Notably, while the zero-order correlations between pre-pandemic internalizing

of

problems and Wave 1 internalizing problems was small and non-siginificant (r=.10, p=.215),

ro

their association in the regression model that included pandemic-related stressors was modest

-p

and significant (B=.209, SE=.070, ß=.225, t=2.96, df=138, p=.004). The association of

re

pandemic-related stressors occurring between the Wave 1 and Wave 2 pandemic assessments

lP

was associated with higher internalizing problems at Wave 2 (B=.486, SE=.166, ß=.225, t=2.93,

na

df=112, p=.004), controlling for age, sex, and Wave 1 internalizing problems (Figure 3).
Emotion Regulation, Pandemic-related Stressors, and Internalizing Problems

ur

Youths who reported more frequent use of rumination at baseline had higher internalizing

Jo

problems at the Wave 1 pandemic assessment (B=.007, SE=.003, ß=.209, FDR-p=.036),
controlling for age, sex, and baseline symptoms, but not at the Wave 2 pandemic assessment
controlling for age, sex, and Wave 1 symptoms (B=.001, SE=.003, ß=.021, FDR-p=.946).
Greater use of expressive suppression reported at Wave 1 during the pandemic was
associated with higher internalizing problems at Wave 1 (B=.078, SE=.022, ß=.265, FDRp<.001), controlling for age, sex, and pre-pandemic symptoms. Greater use of expressive
suppression reported at Wave 1 during the was also associated with higher internalizing
problems at Wave 2, controlling for age, sex, and Wave 1 symptoms, but this association was not
significant after multiple comparisons correction (B=.065, SE=.027, ß=.172, FDR-p=.946).
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Greater use of cognitive reappraisal reported early in the pandemic was associated with
higher internalizing problems at Wave 1, controlling for age, sex, and pre-pandemic symptoms
(B=-.120, SE=.023, ß=-.374, FDR-p<.001). However, greater use of cognitive reappraisal
reported at Wave 1 during the pandemic was not associated with internalizing problems at Wave
2, controlling for age, sex, and Wave 1 symptoms (B=-.015, SE=.033, ß=-.037, FDR-p=.946).
Use of rumination, cognitive reappraisal, and expressive suppression did not interact with

of

pandemic-related stressors to predict internalizing problems at either point in the pandemic (see

ro

Table 2).

-p

Amygdala Activation, Pandemic-related Stressors, and Internalizing Problems

re

Although highly heterogenous, amygdala activation to fearful faces was significantly

lP

greater than amygdala activation to neutral faces on average (M=.239, SD=.897, p<.001). Lower

na

left amygdala activation to fearful relative to neutral faces prior to the pandemic was associated
with greater internalizing problems in the early phase of the pandemic (B=-.054, SE=.019, ß=-

ur

.233, FDR-p=.012), controlling for age, sex, and pre-pandemic symptoms. To determine whether

Jo

this association was driven by greater reactivity to neutral faces or less reactivity fearful faces,
we decomposed this contrast by examining the association of left amygdala activation to fearful
vs scrambled faces and neutral vs scrambled faces with internalizing problems, neither of which
were significant (Figure 4). No associations were observed for right amygdala activation (Table
2).
Left amygdala activation to fearful relative to neutral faces moderated the association of
pandemic-related stressors with internalizing problems early in the pandemic (B=-.028, SE=.010,
ß=-.200, FDR-p=.012), controlling for age, sex, and pre-pandemic symptoms. Pandemic-related
stressors were positively associated with internalizing problems among youth with low to mean

12

PANDEMIC STRESS AND TEEN INTERNALIZING PROBLEMS
amygdala reactivity, but not among youth with high amygdala reactivity to fearful vs. neutral
faces (Figure 5). No significant interactions were observed for right amygdala activation (Table
2).
Brain Structure, Pandemic-related Stressors, and Internalizing Problems
Neither amygdala volume nor hippocampal volume at the baseline visit were associated
with internalizing problems at either point during the pandemic, nor did they interact with

ro

Discussion

of

pandemic-related stressors in predicting internalizing problems at either wave (See Table 2).

-p

The COVID-19 pandemic has produced sudden and unprecedented changes in the lives

re

of adolescents that have introduced many novel stressors and exacerbated risk for anxiety and

lP

depression (7–11), which were already on the rise among adolescents in the United States (54).

na

The current study examined factors contributing to individual differences in the impact of the
pandemic on adolescent internalizing problems in the early phase of the pandemic (late spring

ur

2020) and again six months later (late fall/winter 2020). Adolescents demonstrated worsening

Jo

internalizing problems over the course of the pandemic, and adolescents with high exposure to
pandemic-related stressors had particularly elevated internalizing problems relative to the
previous timepoint. We found significant variability in internalizing problems based on the use
of different emotion regulation strategies before and during the pandemic—including
rumination, cognitive reappraisal, and expressive suppression – as well as amygdala activation
measured prior to the pandemic. Specifically, greater left amygdala activation to neutral relative
to fearful faces was associated with higher internalizing problems during the pandemic. These
findings support widespread concerns about the mental health consequences of the pandemic on
adolescent mental health, particularly for those exposed to more pandemic-related stressors. Use
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of maladaptive emotion regulation strategies and less differentiated neural responses to
threatening and neutral cues may make youth particularly vulnerable to the increased exposure to
stressors that have characterized the pandemic.
The degree of exposure to pandemic-related stressors was associated with worsening
internalizing problems over time both early in the pandemic and as the pandemic progressed.
This is consistent with cumulative risk models, which argue that stressors have a cumulative

of

impact on mental health (46), and prior work on exposure to stressors and psychopathology

ro

during community-wide disruptions like natural disasters and terrorist attacks (55–57). These

-p

findings therefore characterize the impact of a unique and unprecedented source of stress, but

re

conform to the general patterns of association observed in other stressful contexts. Further,

lP

although the stressors examined here (e.g., social isolation, parental job loss, food insecurity)

na

were exacerbated by the pandemic and lockdowns, these types of stressors can and do occur in
other contexts. Conversely, social isolation due to the lockdowns may have further exacerbated

ur

the mental health impacts of these stressors by limiting the social support available to

Jo

adolescents. While the pandemic continues, policies aimed at mitigating the stressors
experienced by families (e.g. unemployment benefits, return to in-person schooling) may have
the greatest potential to decrease the impact of the pandemic on youth mental health.
Internalizing problems pre-pandemic were not correlated with internalizing problems
during the pandemic. However, they were significantly associated in the regression model that
included pandemic-related stressors, with an effect size consistent with the stability that might be
expected between two moderately correlated measures (57) collected 2-3 years apart during
adolescence, suggesting that the strong association between pandemic-related stressors and
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internalizing problems may have reduced the stability of internalizing problems in early
adolescence.
Greater use of maladaptive emotion regulation strategies—including rumination and
expressive suppression— and lower use of cognitive reappraisal predicted worse internalizing
problems early in the pandemic. Overall, greater use of adaptive emotion regulation strategies
(i.e., cognitive reappraisal) and lower use of maladaptive strategies (i.e., rumination and

of

suppression) was associated with lower internalizing problems during the pandemic, but was not

ro

as effective at reducing the impact of pandemic-related stressors. Further, perhaps due to the high

-p

rank-order stability of internalizing problems during the pandemic, the protective influence of

re

emotion regulation strategy use was specific to the early months of the pandemic. Nonetheless,

lP

these results provide some evidence that interventions focused on teaching adolescents adaptive

na

emotion regulation skills may be an effective means of reducing internalizing psychopathology,
during the pandemic and beyond.

ur

Higher left amygdala activation to neutral compared to fearful faces prior to the

Jo

pandemic had a modest and significant association with internalizing problems in the early phase
of the pandemic and moderated the association of pandemic-related stressor with internalizing
problems, such that the association was stronger among youth with higher left amygdala
activation to neutral relative to fearful faces. The direction of these associations is unexpected. In
prior work, the association between stressful life events and depression was stronger in youth
with greater amygdala responses to fearful and angry faces compared to shapes (15).
Decomposing our finding by examining fearful and neutral faces each compared to scrambled
faces was inconclusive. However, our results may nonetheless reflect that youth who
differentiate less between fearful faces—which indicate the presence of a potential threat in the
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environment, and neutral faces—which are ambiguous and do not clearly reflect the presence of
a threat, may interpret neutral or ambiguous cues as more threatening. Amygdala reactivity to
potential threats is amplified in contexts of high uncertainty (59,60). Youth who experience
violence and other forms of childhood trauma—experiences characterized by high threat and
uncertainty that confer greater risk for internalizing problems—are more likely to perceive
neutral faces as angry (61,62) and to attribute hostile intent to ambiguous social cues more

of

generally (63). Less differentiated amygdala reactivity to threatening compared to neutral cues,

ro

perhaps reflecting greater uncertainty in the interpretation of the more ambiguous neutral faces,

-p

may make adolescents more vulnerable to developing internalizing problems when faced with

re

chronic stress and uncertainty, common experiences during the COVID-19 pandemic. Indeed,

lP

amygdala activation was not correlated with internalizing problems assessed concurrently at the

na

pre-pandemic baseline, which suggests that less differentiated amygdala reactivity to threatening
compared to neutral cues may be more an indicator of vulnerability to future stress and

ur

uncertainty than a direct correlate of internalizing problems.

Jo

Neither amygdala nor hippocampal volume was associated with internalizing problems
directly nor did they interact with pandemic-related stressors in predicting internalizing problems
at either time point in the pandemic. Thus, we failed to replicate the pattern of smaller
hippocampal and amygdala volume being associated with greater vulnerability to stress that has
been observed previously among youth exposed to childhood violence (16,42). It is possible that
differences in hippocampal and amygdala volume resulting from exposure to traumatic stressors
may reflect specific structural alterations that impact responses to stress more so than the
variability in hippocampal and amygdala volume observed in samples without high trauma
exposure.
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This study confirms and replicates the concerning impact that the pandemic has had on
adolescent mental health (7–11) and reveals several sources of meaningful variability in
symptoms of depression and anxiety among adolescents. Exposure to stressors is by far the most
robust and consistent predictor of internalizing problems examined in this study, consistent with
substantial evidence on the link between stressors and internalizing psychopathology (64,65).
Adolescent-reported use of maladaptive emotion regulation strategies was also a modest

of

predictor that can be measured inexpensively and easily and could help to identify youths who

ro

might be particularly at risk for developing internalizing problems and thus benefit from mental

-p

health interventions. Alternatively, while the modest associations of lower amygdala

re

discrimination between fearful and neutral faces in increasing vulnerability to pandemic-related

lP

stressors informs our understanding of the mechanisms underlying stress sensitivity in

na

adolescents, this measure is substantially more costly and difficult to acquire, and may offer
marginal additional clinical or practical utility in identifying the most vulnerable youths relative

ur

to self- and parent-reports of stressors and emotion regulation strategy use.

Jo

While this study has several strengths, including rich, multi-informant (parent and
adolescent) and multimodal (self-reports, neuroimaging) data on a relatively large sample of
adolescents assessed at three time points before and during the COVID-19 pandemic, it also has
several limitations that should be considered when interpreting our findings. First, because the
participants in this sample were all within a relatively narrow two-year age band, we are unable
to characterize the specificity or generalizability of these findings across other developmental
windows. Second, the stimuli in the fMRI task of the current study included only fearful and
neutral faces. Therefore, we are unable to determine whether the association between reduced
differentiation in the amygdala between fearful and neutral faces and internalizing problems in
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the context of pandemic-related stressors is specific to fear, or may reflect responses to negative
emotional cues more generally. Third, because each of our neuroimaging and emotion regulation
measures were collected at only one time point, we were unable to examine their stability or the
consistency of their associations with internalizing problems across multiple timepoints as we
were with pandemic-related stressors. Finally, while the pandemic-related stress measure
demonstrated convergent validity via consistently moderate associations with internalizing

of

problems at both waves, it nonetheless had the limitation of equally weighting stressors that may

ro

have had highly variable objective and subjective impacts. Despite these limitations, when

-p

synthesized with the many other developmental studies underway during the pandemic, we

re

anticipate these longitudinal, multi-informant, multimodal findings contributing to a richer and

lP

more complete understanding of factors contributing to adolescent mental health during the

na

pandemic, and factors contributing to stress vulnerability more broadly.
Internalizing problems have increased steadily among adolescents during the COVID-19

ur

pandemic, particularly for those who have experienced a high number of pandemic-related

Jo

stressors, as well among adolescents who habitually use maladaptive emotion regulation
strategies like rumination and suppression and use cognitive reappraisal less frequently. Lower
differentiation of amygdala activation between threatening and neutral stimuli, assessed prior to
the pandemic, is also associated with increased vulnerability to stress-related internalizing
problems. Attempts to identify adolescents most in need of mental health interventions would
benefit from screening for exposure to pandemic-related stressful experiences and use of emotion
regulation strategies. Such efforts may help to identify adolescents in need of extra support and
intervention to mitigate the mental health crisis posed by the COVID-19 pandemic.

18

PANDEMIC STRESS AND TEEN INTERNALIZING PROBLEMS
Acknowledgements
The initial conceptualization of the current study was done by KAM and ANM. This work was
supported by the Bezos Family Foundation (to ANM) for collection of data with additional
support by the National Institute of Mental Health (R01 MH106482 to KAM) and the National
Institute of Child Development (R01 HD054465 to LL). The authors would also like to

for help with compiling surveys.

ro

Financial Disclosures

of

acknowledge Reshma Sreekala and Malila Freeman for help with data collection and Frances Li

Jo

ur

na

lP

re

-p

The authors report no biomedical financial interests or potential conflicts of interest.

19

PANDEMIC STRESS AND TEEN INTERNALIZING PROBLEMS

References
1. Hankin BL, Abramson LY, Moffitt TE, Silva PA, McGee R, Angell KE (1998): Development
of depression from preadolescence to young adulthood: emerging gender differences in a
10-year longitudinal study. J Abnorm Psychol 107: 128–140.
2. Kessler RC, Berglund P, Demler O, Jin R, Merikangas KR, Walters EE (2005): Lifetime

of

prevalence and age-of-onset distributions of DSM-IV disorders in the National

ro

Comorbidity Survey Replication. Arch Gen Psychiatry 62: 593–602.

-p

3. La Greca AM, Harrison HM (2005): Adolescent Peer Relations, Friendships, and Romantic

re

Relationships: Do They Predict Social Anxiety and Depression? J Clin Child Adolesc

lP

Psychol 34: 49–61.

4. Siegel RS, La Greca AM, Harrison HM (2009): Peer Victimization and Social Anxiety in

na

Adolescents: Prospective and Reciprocal Relationships. J Youth Adolesc 38: 1096–1109.

ur

5. Larson R, Ham M (1993): Stress and “Storm and Stress” in Early Adolescence: The

Jo

Relationship of Negative Events with Dysphoric Affect. Dev Psychol 29: 130–40.
6. Larson R, Lampman-Petraitis C (1989): Daily Emotional States as Reported by Children and
Adolescents. Child Dev 60: 1250–1260.
7. Chahal R, Kirshenbaum JS, Miller JG, Ho TC, Gotlib IH (2020): Higher executive control
network coherence buffers against puberty-related increases in internalizing symptoms
during the COVID-19 pandemic. Biol Psychiatry Cogn Neurosci Neuroimaging.
https://doi.org/10.1016/j.bpsc.2020.08.010
8. Crescentini C, Feruglio S, Matiz A, Paschetto A, Vidal E, Cogo P, Fabbro F (2020): Stuck
Outside and Inside: An Exploratory Study on the Effects of the COVID-19 Outbreak on

20

PANDEMIC STRESS AND TEEN INTERNALIZING PROBLEMS
Italian Parents and Children’s Internalizing Symptoms. Front Psychol 11.
https://doi.org/10.3389/fpsyg.2020.586074
9. Loades ME, Chatburn E, Higson-Sweeney N, Reynolds S, Shafran R, Brigden A, et al.
(2020): Rapid Systematic Review: The Impact of Social Isolation and Loneliness on the
Mental Health of Children and Adolescents in the Context of COVID-19. J Am Acad
Child Adolesc Psychiatry. https://doi.org/10.1016/j.jaac.2020.05.009

of

10. Whittle S, Bray K, Lin S, Schwartz O (2020): Parenting and Child and Adolescent Mental

ro

Health during the COVID-19 Pandemic. PsyArXiv. https://doi.org/10.31234/osf.io/ag2r7

-p

11. Racine N, Cooke JE, Eirich R, Korczak DJ, McArthur B, Madigan S (2020): Child and

re

adolescent mental illness during COVID-19: A rapid review. Psychiatry Res 292:

lP

113307.

na

12. McLaren J (2020): Racial Disparity in COVID-19 Deaths: Seeking Economic Roots with
Census Data. National Bureau of Economic Research. https://doi.org/10.3386/w27407

ur

13. Montenovo L, Jiang X, Rojas FL, Schmutte IM, Simon KI, Weinberg BA, Wing C (2020):

Jo

Determinants of Disparities in Covid-19 Job Losses. National Bureau of Economic
Research. https://doi.org/10.3386/w27132
14. McLaughlin KA, Koenen KC, Bromet EJ, Karam EG, Liu H, Petukhova M, et al. (2017):
Childhood adversities and post-traumatic stress disorder: Evidence for stress sensitisation
in the World Mental Health Surveys. Br J Psychiatry.
https://doi.org/10.1192/bjp.bp.116.197640
15. Swartz JR, Knodt AR, Radtke SR, Hariri AR (2015): A Neural Biomarker of Psychological
Vulnerability to Future Life Stress. Neuron 85: 505–511.

21

PANDEMIC STRESS AND TEEN INTERNALIZING PROBLEMS
16. Weissman DG, Lambert HK, Rodman AM, Peverill M, Sheridan MA, McLaughlin KA
(2020): Reduced hippocampal and amygdala volume as a mechanism underlying stress
sensitization to depression following childhood trauma. Depress Anxiety.
https://doi.org/10.1002/da.23062
17. Aldao A, Nolen-Hoeksema S, Schweizer S (2010): Emotion-regulation strategies across
psychopathology: A meta-analytic review. Clin Psychol Rev.

of

https://doi.org/10.1016/j.cpr.2009.11.004

ro

18. Nolen-Hoeksema S, Aldao A (2011): Gender and age differences in emotion regulation

-p

strategies and their relationship to depressive symptoms. Personal Individ Differ.

re

https://doi.org/10.1016/j.paid.2011.06.012

lP

19. McLaughlin KA, Hatzenbuehler ML, Mennin DS, Nolen-Hoeksema S (2011): Emotion

na

dysregulation and adolescent psychopathology: A prospective study. Behav Res Ther.
https://doi.org/10.1016/j.brat.2011.06.003

ur

20. McLaughlin KA, Nolen-Hoeksema S (2011): Rumination as a transdiagnostic factor in

Jo

depression and anxiety. Behav Res Ther. https://doi.org/10.1016/j.brat.2010.12.006
21. Gross JJ, John OP (2003): Individual Differences in Two Emotion Regulation Processes:
Implications for Affect, Relationships, and Well-Being. J Pers Soc Psychol.
https://doi.org/10.1037/0022-3514.85.2.348
22. Aldao A, Nolen-Hoeksema S (2012): The influence of context on the implementation of
adaptive emotion regulation strategies. Behav Res Ther.
https://doi.org/10.1016/j.brat.2012.04.004

22

PANDEMIC STRESS AND TEEN INTERNALIZING PROBLEMS
23. Aldao A, Nolen-Hoeksema S, Schweizer S (2010): Emotion-regulation strategies across
psychopathology: A meta-analytic review. Clinical Psychology Review.
https://doi.org/10.1016/j.cpr.2009.11.004
24. Aldao A, Nolen-Hoeksema S (2012): When are adaptive strategies most predictive of
psychopathology? J Abnorm Psychol. https://doi.org/10.1037/a0023598
25. Flouri E, Mavroveli S (2013): Adverse Life Events and Emotional and Behavioural Problems

of

in Adolescence: The Role of Coping and Emotion Regulation. Stress Health 29: 360–

ro

368.

-p

26. Rodman AM, Jenness JL, Weissman DG, Pine DS, McLaughlin KA (2019): Neurobiological

re

Markers of Resilience to Depression Following Childhood Maltreatment: The Role of

lP

Neural Circuits Supporting the Cognitive Control of Emotion. Biol Psychiatry 86: 464–

na

473.

27. Costafreda SG, Brammer MJ, David AS, Fu CHY (2008): Predictors of amygdala activation

ur

during the processing of emotional stimuli: A meta-analysis of 385 PET and fMRI

Jo

studies. Brain Res Rev. https://doi.org/10.1016/j.brainresrev.2007.10.012
28. Cunningham WA, Brosch T (2012): Motivational Salience: Amygdala Tuning From Traits,
Needs, Values, and Goals. Curr Dir Psychol Sci 21: 54–59.
29. Adolphs R, Tranel D, Damasio H, Damasio A (1995): Fear and the human amygdala. J
Neurosci 15.
30. Swartz JR, Williamson DE, Hariri AR (2015): Developmental change in amygdala reactivity
during adolescence: Effects of family history of depression and stressful life events. Am J
Psychiatry 172: 276–283.

23

PANDEMIC STRESS AND TEEN INTERNALIZING PROBLEMS
31. Pagliaccio D, Luby JL, Luking KR, Belden AC, Barch DM (2014): Brain-behavior
relationships in the experience and regulation of negative emotion in healthy children:
Implications for risk for childhood depression. Dev Psychopathol.
https://doi.org/10.1017/S0954579414001035
32. Frodl T, O’Keane V (2013): How does the brain deal with cumulative stress? A review with
focus on developmental stress, HPA axis function and hippocampal structure in humans.

of

Neurobiol Dis. https://doi.org/10.1016/j.nbd.2012.03.012

ro

33. Gläscher J, Adolphs R, Flannery J, Goff B, Telzer EH, Shapiro M, et al. (2003): Processing

-p

of the arousal of subliminal and supraliminal emotional stimuli by the human amygdala. J

re

Neurosci Off J Soc Neurosci 23: 10274–82.

lP

34. Williams LM, Das P, Liddell B, Olivieri G, Peduto A, Brammer MJ, Gordon E (2005):

na

BOLD, sweat and fears: fMRI and skin conductance distinguish facial fear signals.
NeuroReport 16: 49–52.

ur

35. Lupien SJ, Lepage M (2001): Stress, memory, and the hippocampus: can’t live with it, can’t

Jo

live without it. Behav Brain Res 127: 137–158.
36. Caetano SC, Fonseca M, Hatch JP, Olvera RL, Nicoletti M, Hunter K, et al. (2007): Medial
temporal lobe abnormalities in pediatric unipolar depression. Neurosci Lett.
https://doi.org/10.1016/j.neulet.2007.06.014
37. Ellis R, Fernandes A, Simmons JG, Mundy L, Patton G, Allen NB, Whittle S (2019):
Relationships between adrenarcheal hormones, hippocampal volumes and depressive
symptoms in children. Psychoneuroendocrinology.
https://doi.org/10.1016/j.psyneuen.2019.02.016

24

PANDEMIC STRESS AND TEEN INTERNALIZING PROBLEMS
38. MacMaster FP, Kusumakar V (2004): Hippocampal volume in early onset depression. BMC
Med. https://doi.org/10.1186/1741-7015-2-2
39. MacMillan S, Szeszko PR, Moore GJ, Madden R, Lorch E, Ivey J, et al. (2003): Increased
Amygdala: Hippocampal Volume Ratios Associated with Severity of Anxiety in Pediatric
Major Depression. J Child Adolesc Psychopharmacol.
https://doi.org/10.1089/104454603321666207

of

40. Rosso IM, Cintron CM, Steingard RJ, Renshaw PF, Young AD, Yurgelun-Todd DA (2005):

ro

Amygdala and hippocampus volumes in pediatric major depression. Biol Psychiatry.

-p

https://doi.org/10.1016/j.biopsych.2004.10.027

re

41. Whittle S, Yap MBH, Sheeber L, Dudgeon P, Yücel M, Pantelis C, et al. (2011):

lP

Hippocampal volume and sensitivity to maternal aggressive behavior: A prospective

na

study of adolescent depressive symptoms. Development and Psychopathology.
https://doi.org/10.1017/S0954579410000684

ur

42. Gorka AX, Hanson JL, Radtke SR, Hariri AR (2014): Reduced hippocampal and medial

Jo

prefrontal gray matter mediate the association between reported childhood maltreatment
and trait anxiety in adulthood and predict sensitivity to future life stress. Biol Mood
Anxiety Disord. https://doi.org/10.1186/2045-5380-4-12
43. Lengua LJ, Moran L, Zalewski M, Ruberry E, Kiff C, Thompson S (2015): Relations of
Growth in Effortful Control to Family Income, Cumulative Risk, and Adjustment in
Preschool-age Children. J Abnorm Child Psychol 43: 705–720.
44. Cuartas J, Weissman DG, Sheridan MA, Lengua L, McLaughlin KA (2021): Corporal
Punishment and Elevated Neural Response to Threat in Children. Child Dev.
https://doi.org/10.1111/cdev.13565

25

PANDEMIC STRESS AND TEEN INTERNALIZING PROBLEMS
45. Abela JRZ, Brozina K, Haigh EP (2002): An examination of the response styles theory of
depression in third- and seventh-grade children: A short-term longitudinal study. J
Abnorm Child Psychol. https://doi.org/10.1023/A:1019873015594
46. Evans GW, Li D, Whipple SS (2013): Cumulative risk and child development. Psychol Bull
139: 1342–1396.
47. Gross JJ, John OP (2003): Individual Differences in Two Emotion Regulation Processes:

ro

https://doi.org/10.1037/0022-3514.85.2.348

of

Implications for Affect, Relationships, and Well-Being. J Pers Soc Psychol.

-p

48. Achenbach TM (1991): Manual for the child behavior checklist/4-18 and 1991 profile.

re

Burlington VT.

na

Psychiatry 38: 581–586.

lP

49. Goodman R (1997): The Strengths and Difficulties Questionnaire. J Child Psychol

50. Goodman A, Lamping DL, Ploubidis GB (2010): When to Use Broader Internalising and

ur

Externalising Subscales Instead of the Hypothesised Five Subscales on the Strengths and

Jo

Difficulties Questionnaire (SDQ): Data from British Parents, Teachers and Children. J
Abnorm Child Psychol 38: 1179–1191.
51. Little TD (2013): Longitudinal Structural Equation Modeling. Guilford Press.
52. Tottenham N, Tanaka JW, Leon AC, McCarry T, Nurse M, Hare TA, et al. (2009): The
NimStim set of facial expressions: Judgments from untrained research participants.
Psychiatry Res 168: 242–249.
53. Benjamini Y, Hochberg Y (1995): Controlling the False Discovery Rate: A Practical and
Powerful Approach to Multiple Testing. J R Stat Soc Ser B Methodol 57: 289–300.

26

PANDEMIC STRESS AND TEEN INTERNALIZING PROBLEMS
54. Keyes KM, Gary D, O’Malley PM, Hamilton A, Schulenberg J (2019): Recent increases in
depressive symptoms among US adolescents: trends from 1991 to 2018. Soc Psychiatry
Psychiatr Epidemiol 54: 987–996.
55. Mclaughlin KA, Fairbank JA, Gruber MJ, Jones RT, Lakoma MD, Pfefferbaum B, et al.
(2009): Serious emotional disturbance among youths exposed to Hurricane Katrina 2
years postdisaster. J Am Acad Child Adolesc Psychiatry 48: 1069–1078.

of

56. Fairbrother G, Stuber J, Galea S, Fleischman AR, Pfefferbaum B (2003): Posttraumatic stress

ro

reactions in new York City children after the September 11, 2001, terrorist attacks. Ambul

-p

Pediatr Off J Ambul Pediatr Assoc 3: 304–311.

re

57. Lengua LJ, Long AC, Meltzoff AN (2006): Pre-attack stress-load, appraisals, and coping in

lP

children’s responses to the 9/11 terrorist attacks. J Child Psychol Psychiatry 47: 1219–

na

1227.

58. Theunissen MHC, de Wolff MS, Reijneveld SA (2019): The Strengths and Difficulties

ur

Questionnaire Self-Report: A Valid Instrument for the Identification of Emotional and

Jo

Behavioral Problems. Acad Pediatr 19: 471–476.
59. Hsu M, Bhatt M, Adolphs R, Tranel D, Camerer CF (2005): Neural Systems Responding to
Degrees of Uncertainty in Human Decision-Making. Science 310: 1680–1683.
60. Sarinopoulos I, Grupe DW, Mackiewicz KL, Herrington JD, Lor M, Steege EE, Nitschke JB
(2010): Uncertainty during Anticipation Modulates Neural Responses to Aversion in
Human Insula and Amygdala. Cereb Cortex N Y NY 20: 929–940.
61. Pollak SD, Messner M, Kistler DJ, Cohn JF (2009): Development of Perceptual Expertise in
Emotion Recognition. Cognition 110: 242–247.

27

PANDEMIC STRESS AND TEEN INTERNALIZING PROBLEMS
62. Pollak SD, Cicchetti D, Hornung K, Reed A (2000): Recognizing emotion in faces:
developmental effects of child abuse and neglect. Dev Psychol.
https://doi.org/10.1037/0012-1649.36.5.679
63. Crick NR, Dodge KA (1994): Review and reformulation of social information-processing
mechanisms in children’s social adjustment. Psychol Bull 115: 74–101.
64. Grant KE, Compas BE, Thurm AE, McMahon SD, Gipson PY (2004): Stressors and child

of

and adolescent psychopathology: measurement issues and prospective effects. J Clin

ro

Child Adolesc Psychol Off J Soc Clin Child Adolesc Psychol Am Psychol Assoc Div 53

-p

33: 412–425.

re

65. Grant KE, Compas BE, Stuhlmacher AF, Thurm AE, McMahon SD, Halpert JA (2003):

lP

Stressors and child and adolescent psychopathology: moving from markers to

Jo

ur

na

mechanisms of risk. Psychol Bull 129: 447–466.

28

PANDEMIC STRESS AND TEEN INTERNALIZING PROBLEMS
Table 1: Descriptive statistics and bivariate correlations
Baseline

Pandemic Follow-up 1
N

M

SD

1. Sex (Female)

145

.43

.50

2. Income-to-needs ratio
3. YSR Internalizing Problems
4. Rumination
5. Intracranial volume†
6. Amygdala Volume‡
7. Hippocampal volume‡
8. Left Amygdala activation
9. Right Amygdala activation

143
145
145
122
122
122
122
122

3.75
51.7
7.88
1.55
3.08
8.35
.239
.158

1.79
10.8
6.21
.145
.357
.780
.897
.867

10. Age

re
-p

ro
o

f

11. Pandemic-related stressors
12. SDQ Internalizing problems
13. Cognitive reappraisal
14. Expressive suppression
Pandemic Follow-up 2
15. Age
16. Pandemic-related stressors
17. SDQ Internalizing problems
Correlations
8
9
10
11
12
13
14

M

SD

143

14.4

.458

143
143
143
143

2.28
3.79
3.26
2.84

1.74
3.32
.647
.706

124
124
124

14.9
2.16
5.05

.477
1.71
3.75

15

16

17

-.08
-.03

.37*

-

Jo

ur

na

lP

1
2
3
4
5
6
7
1
2
.21*
3
-.38*
-.26*
4
-.16
.01
.50*
5
-.52*
.11
.09
-.00
6
-.50*
.17
.04
-.00
.66*
7
-.46*
.22*
.10
-.01
.64*
.69*
8
-.11
.00
.09
-.02
-.01
-.02
-.09
9
.01
-.02
.07
-.04
-.07
-.05
-.08
.57*
10
.05
.42*
-.12
.02
.02
.01
-.04
.06
-.05
11
.04
-.13
.00
.03
-.04
-.12
-.02
-.26*
-.26*
-.05
12
.28*
-.14
.10
.21*
-.31*
-.29*
-.30*
-.25*
-.03
.00
.46*
13
.00
.10
-.11
.00
.00
.00
.01
.12
-.08
-.04
-.26*
-.39*
14
.08
-.08
.05
.03
-.12
-.13
-.14
-.04
-.02
.10
.10
.30*
-.16
15
.03
.40*
-.18
.02
.03
.01
.02
-.05
-.12 1.00*
.07
.11
-.08
.10
16
.07
-.25*
.09
.02
-.20*
-.40*
-.39*
-.14
-.15
-.12
.42*
.30*
-.09
.15
17
.26*
.02
.07
.13
-.30*
-.26*
-.24*
-.14
.03
-.04
.26*
.59*
-.23*
.32*
Note: * p < .05, YSR = Youth Self-report, SDQ = Strength and Difficulties Questionnaire.. † units = mm3 x 106, ‡ units = mm3 x 103

N
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Table 2: Results of Regression analyses from Longitudinal Path Models
Wave 1 Internalizing Problems
B
SE
ß
p
FDR-p

Wave 2 Internalizing Problems
B
SE
ß
p
FDR-p

Jo

ur

na

lP

re
-p

ro
o

f

Independent Variables
Emotion Regulation
Rumination
.007
.003
.209
.018
.036
.001
.003
.021 .791
.946
Expressive Suppression
.078
.022
.265
.000
.000
.065
.027
.172 .018
.108
Cognitive Reappraisal
-.120
.023
-.374
.000
.000
-.015
.033
-.037 .647
.946
Rumination x Stress
.000
.001
-.013
.842
.842
-.001
.002
-.046 .537
.946
Expressive Suppression x Stress
.023
.011
.136
.044
.066
.001
.014
.005 .946
.946
Cognitive Reappraisal x Stress
-.011
.011
-.067
.335
.402
-.003
.012
-.017 .822
.946
Amygdala activation
Left Amygdala
-.054
.019
-.233
.005
.012
-.005
.023
-.017 .830
.939
Right Amygdala
-.008
.021
-.034
.694
.802
-.006
.024
-.019 .811
.939
Left Amygdala Reactivity x Stress
-.028
.010
-.200
.006
.012
-.001
.013
-.006 .939
.939
Right Amygdala Reactivity x Stress
-.003
.010
-.022
.789
.802
.014
.013
.083 .280
.939
Brain structure
Amygdala Volume
-.047
.067
-.080
.478
.637
.060
.077
.079 .439
.785
Hippocampal Volume
-.027
.029
-.099
.364
.637
.019
.035
.055 .585
.785
Amygdala Volume x Stress
-.044
.025 -1.156 .083
.332
-.005
.037
-.103 .888
.888
Hippocampal Volume x Stress
-.004
.014
-.021
.784
.784
-.009
.016
-.043 .589
.785
Note: Each row represents a separate path model. Covariates for all models were age, sex, and internalizing problems at the previous
wave. Full results of each model and reproducible analysis code can be found in supplemental materials. B = unstandardized
coefficient, ß = standardized coefficient, p = uncorrected p-values, FDR-p = false discovery rate corrected p-values using the
Benjamini & Hochberg procedure.
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Figure 1: Participant Recruitment and Inclusion Flow Chart
Figure 1: Flow chart depicts recruitment and participation at each wave of data collection
Figure 2: Longitudinal Path Models
Figure 2: Diagrams represent the path models used to test study hypotheses. Covariances were
freely estimated. Models testing associations with hippocampal and amygdala volume also
included paths from total intracranial volume to internalizing at Wave 1 and Wave 2 and

of

covariances with the other predictors. Pre = pre-pandemic baseline, W1 = Wave 1, W2 = Wave

ro

2, Interaction Term = product of risk/protective factor and pandemic-related stressors (both

-p

mean-centered).

re

Figure 3: Association between Pandemic-Related Stressors and Internalizing Problems

lP

Figure 3: Exposure to pandemic-related stressors is positively associated with internalizing

na

problems at both Wave 1 (April-May 2020) and Wave 2 (November 2020-January 2021).
Figure 4: Left Amygdala Discrimination between Fearful and Neutral Faces and

ur

Internalizing Problems

Jo

Figure 4: Left amygdala reactivity to fearful vs. neutral faces was negatively associated with
internalizing problems early in the pandemic. Examining the association of both fearful faces and
neutral faces relative to scrambled faces revealed that this association was attributable to both
greater activation to neutral faces and lower activation to fearful faces, but neither of those
contrasts were significantly associated with internalizing problems.
Figure 5: Amygdala Discrimination, Pandemic-Related Stressors, and Internalizing
Symptoms
Figure 5: Pandemic-related stressors are more strongly associated with internalizing problems in
participants with lower amygdala reactivity to fearful vs. neutral faces (i.e., greater
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differentiation of threatening vs. neutral stimuli). Among participants with high amygdala
response to fearful vs. neutral faces, the association between pandemic-related stressors and

Jo

ur

na
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ro
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internalizing problems is not significant.
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