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Abstract

Psychiatric illness in adolescence is associated with long-term impairments, making it critical to identify predictors of
adolescent psychiatric distress. Individual differences in stress sensitivity could be associated with longitudinal trajectories
of internalizing symptoms. Historically, researchers have operationalized stress sensitivity by assessing either objective or
subjective responses to stress. However, we posit that the relative discordance between subjective and objective responses
to stress is a critical metric of stress sensitivity. We examined whether two discordance-based indices of stress sensitivity
were related to one another and to trajectories of internalizing psychopathology among a sample of 101 adolescent youths
(M,y. = 12.80 at baseline; 55% males) across two successive stressors: the high school transition and the COVID-19
pandemic. Using latent growth curve modeling, we found that greater discordance between subjective (i.e., affective) and
objective (i.e., cortisol) responses to a social-evaluative stressor was associated with higher internalizing symptoms at
baseline and an accelerated symptom growth trajectory across the first year of the pandemic. In contrast, early life stress
sensitivity was not associated with internalizing symptoms. Findings suggest that the discordance between objective and
subjective experiences of social-evaluative stress predicts a pernicious growth trajectory of internalizing symptoms during
adolescence. This work advances current methodologies, contributes to theoretical models of internalizing psychopathol-
ogy, and with replication could have implications for policy and practice by identifying a key vulnerability factor that
increases adolescents’ psychiatric distress over time.
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Symptoms of internalizing disorders increase sharply during
adolescence (Kessler et al., 2012; Merikangas et al., 2010;
Solmi et al., 2022) and are associated with long-term impair-
ments in health and wellbeing (Belfer, 2008; Merikangas et
al., 2009). As such, it is important to elucidate factors pres-
ent during early adolescence (i.e., before rates of psychiatric
illnesses increase) that contribute to pernicious trajectories
of internalizing symptoms from early to mid-adolescence.
The early adolescent period includes ages 10 through 14
years and is a pivotal developmental stage characterized by
biological, cognitive, psychosocial, and emotional changes
that contribute to mental health across the lifespan (Blum
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et al., 2014; Sawyer et al., 2012). Indeed, given the signifi-
cant neural plasticity and development occurring in early
adolescence, the adolescent brain is remarkably sensitive to
the neurotoxic effects of stress (Romeo & McEwen, 2006),
which have been linked to the onset and maintenance of
internalizing symptoms (e.g., anxiety and depression;
Eiland and Romeo, 2013). Thus, exposure to stress during
this period has the potential to exert a powerful influence on
wellbeing across the lifespan — including on the develop-
ment of internalizing symptoms during adolescence.
Although stress exposure is a ubiquitous experience, not
all youth who experience stressors go on to develop elevated
levels of internalizing symptoms. Instead, individual differ-
ences in the stress response (i.e., in the affective, biological,
and/or cognitive responses to a stressor) have been posited
as a central mechanism influencing trajectories of internal-
izing symptoms following stress exposure (LeMoult, 2020).
Historically, researchers have typically operationalized
individual differences in the stress response by assessing
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objective or subjective responses to stress. Discrepancies
(i.e., the discordance) between objective and subjective
responses has often been conceptualized as methodological
‘noise’ or the result of unmeasured confounding variables
(Hollenstein & Lanteigne, 2014). However, seminal models
of stress posit that the discordance between objective and
subjective responses to stress is meaningful as it indexes
stress sensitivity, an individual’s tendency to respond more
or less strongly following stress exposure (Hammen, 2015;
Harkness et al., 2015). There is recent support for this prop-
osition. For instance, greater stress sensitivity (modeled
as the residual variance in subjective stress severity after
accounting for objective stress severity) has been cross-sec-
tionally associated with higher levels of anxiety and depres-
sive symptoms, and with constructs related to internalizing
symptoms, such as poorer autonomic and affective regula-
tion (Conway et al., 2012; Ho et al., 2017, 2020). Further,
discordance between subjective and objective aspects of
the stress response (indexed via discordance between self-
reported affect and biological responsivity) has been cross-
sectionally associated with greater difficulties in emotion
regulation and greater internalizing symptoms (Lanteigne
et al., 2014; Sommerfeldt et al., 2019). Thus, discordance-
based markers of stress have received recent support as
indices of stress sensitivity and have promise to further our
current understanding of the associations between stress
exposure and psychopathology.

To date, however, studies have included only one dis-
cordance-based index of stress sensitivity (e.g., Conway
et al., 2012; Ho et al., 2017, 2020; Lanteigne et al., 2014;
Sommerfeldt et al., 2019). By including two distinct discor-
dance-based indices of stress sensitivity, the present study is
able to examine associations of discrete indices with trajec-
tories of internalizing symptoms. Consistent with Ho (2017,
2020), we indexed early life stress sensitivity as the dis-
cordance between subjective and objective reports of early
life stress. This index models the discrepancy between an
individual’s subjective appraisals of the severity of early life
stress experiences and the objective severity of those experi-
ences. Next, consistent with Lanteigne (2014) and Sommer-
feldt (2019), we indexed social-evaluative stress sensitivity
as the discordance between subjective (i.e., affective) and
objective (i.e., biological) responses to a social-evaluative
stressor. The stressor used in the current study was the Trier
Social Stress Test for Children (TSST-C), a well-validated
laboratory social-evaluative stressor that reliably indices
both affective and biological responses (Buske-Kirschbaum
etal., 1997).

The present study extends previous work by examining
whether two discordance-based indices of stress sensitivity
were associated with trajectories of internalizing symptoms
during the early to mid-adolescent transition. It is important
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to examine trajectories of internalizing symptoms across this
transition given that it is a developmental period wherein
rates of both anxiety and depressive disorders sharply
increase (Costello et al., 2011; Kessler et al., 2007). Under-
standing trajectories of symptoms is critical to identifying
youth most at risk for persistent difficulties (McLaughlin
& King, 2015). In addition, for the present cohort, super-
imposed upon this developmental period were two signifi-
cant stressors: the transition to high school and the onset of
the COVID-19 pandemic, both of which have documented
impacts on internalizing symptoms in youth (Benner, 2011;
Racine et al., 2021). Yet, not all youth experience increases
in internalizing symptoms in response to these stressors
(Golberstein et al., 2020; Racine et al., 2021). As such, both
the high school transition and the COVID-19 pandemic are
valuable contexts in which to examine mechanisms associ-
ated with individual differences in the trajectories of youth’s
internalizing symptoms. We used a latent growth curve
modeling (LCGM) approach to examine whether both the
social-evaluative and early life stress sensitivity indices
were associated with one another and with trajectories of
internalizing symptoms.

We hypothesized that increased stress sensitivity (i.e.,
greater subjective stress in relation to objective stress)
within either stress-sensitivity index would be associated
with greater internalizing symptoms at baseline and increas-
ing levels of internalizing symptoms across the first year of
the COVID-19 pandemic. Further, we predicted that social-
evaluative stress sensitivity would be associated with early
life stress sensitivity, such that elevations in one index of
stress sensitivity would be associated with elevations in the
second index. Through the use of distinct methods to opera-
tionalize stress sensitivity and by incorporating multiple
methods of measurement (e.g., affective, biological, cogni-
tive), the present study responds to calls for work examin-
ing whether multiple indices of stress sensitivity converge,
both with one another and with relevant outcomes over time
(Hammen, 2015).

Methods
Participants

Youth were eligible for inclusion if they were between 11
and 13 years of age at baseline and were fluent in English.
Participants were excluded if parent or youth reported that
the adolescent had a medical condition known to affect the
neuroendocrine system, or were currently using corticoste-
roids, depot neuroleptics, or oral or inhaled steroids given
that each can alter cortisol levels (Granger et al., 2009).
Youth were recruited from diverse communities throughout
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Table 1 Demographic and Clinical Characteristics

Variable

Age at Time 1, M (SD)
Sex, %
Female
Male
Gender, %
Girl
Boy
Non-Binary
Pubertal Stage, M (SD)
Time 1
Time 2
Time 3
Household Income
$20,000-$59,999
$60,000-$99,999
$100,000-$139,999
$140,000-$179,999
$180,000 and over
Racial Identity
White
Chinese
Canadian Indigenous
Japanese
Latinx/e
South Asian

Additional endorsed racial identities®
Time 1 Internalizing Symptoms, M (SD)

CDI
CES-DC
MASC-10
YSR-AP

Time 2 Internalizing Symptoms, M (SD)

CDI
CES-DC

MASC-10
YSR-AP

Time 3 Internalizing Symptoms, M (SD)

CDI
CES-DC

MASC-10
YSR-AP

12.82 (0.40)

45.5%
54.5%

44.5%
54.5%
1.0%

2.79 (1.02)
3.51(0.91)
4.05 (0.73)

11%

17.6%
24.2%
19.8%
27.5%

63%
14%
3%
3%
3%
3%
11%

2.34(2.93)
13.22 (8.81)
11.43 (4.47)
4.87 (3.49)

3.15 (3.43)
17.32
(10.79)
11.43 (5.15)
5.41 (3.90)

3.68 (3.26)

19.88
(12.05)

11.90 (5.01)
5.53(3.72)

Note: M=Mean; SD = Standard deviation; CDI=Children’s Depres-

sion Inventory;

CES-DC=Center for Epidemiological Studies Depression Scale for

Children;

MASC-10=Multidimensional Anxiety Scale for Children; YSR-
AP =Anxiety Problems subscale of the Youth Self-Report.

#Additional endorsed racial identities included Chinese-Japanese,
Chinese-Korean, Korean, South Asian-Latinx/e, Southeast Asian,

and West Asian.

the Vancouver metropolitan area using various method-
ologies, including via partnerships with community orga-
nizations such as school boards and both online and paper
advertisements. Compensation was offered for transporta-
tion to the university, so that transportation costs were not a
barrier to participation. The final sample included 101 ado-
lescents, which is in line with current sample size guide-
lines for the use of LGCM (Curran et al., 2010). Youth were
between 11.86 and 13.86 at baseline (M=12.82), and 55%
of participants were assigned male at birth. Regarding racial
identity, 63% of participants identified as White; 14% iden-
tified as Chinese; 3% identified as Canadian Indigenous;
3% identified as Japanese; 3% identified as Latinx/e; 3%
identified as South Asian; and 11% identified with addi-
tional endorsed racial identities. Participant characteristics
are presented in Table 1 and are generally representative of
the Vancouver metropolitan area (Statistics Canada, 2022).
Additional details are presented in the online supplement.

Measures
Social-Evaluative Stressor

To assess responses to social-evaluative stress, participants
completed the Trier Social Stress Test for Children (TSST-
C), a standardized stress paradigm that reliably generates
both an affective and a biological stress response (Buske-
Kirschbaum et al., 1997). The TSST-C consists of four
phases: baseline, preparation, stressor, and recovery. After
watching a 15-minute calming nature video (Baseline),
youth were told that they would complete a speech task
and were given 5 min to prepare (Preparation). Following
this preparation period, participants completed a 10-minute
stressor during which they were asked to perform both a
standard speech task and an unexpected math task in front
of a panel of judges (Stressor). Following the stressor, par-
ticipants watched a 20-minute nature video and completed a
10-minute debriefing session, thus concluding the 30-min-
ute recovery period (Recovery). Participants provided affect
ratings and saliva samples at six points throughout the
TSST-C: at the end of the Baseline period (S1), at the end
of the Preparation period (S2), and at 0, 10, 20, and 30 min
after the end of the Stressor period (S3-S6). The TSST-C
was conducted in accordance with best-practice guidelines
(Allen et al., 2017; Linares et al., 2020).

Subjective Stress Response- Affect. Subjective response
to the social-evaluative stressor was assessed based on self-
reported state-level negative affect, which was measured
using a brief questionnaire adapted from the Positive and
Negative Affect Scale for Children (PANAS-C; Hughes and
Kendall, 2009). Reliability for negative affect across the
stressor was excellent, a=0.90. Responses were summed
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across each of the six administrations to create a total nega-
tive affect score. Using trapezoidal integration, area under
the curve with respect to ground (AUCg) was calculated for
negative affect across the TSST-C (Pruessner et al., 2003).
We chose to calculate AUCg given that it emphasizes cumu-
lative output rather than change over time (as in the case
with area under the curve with respect to increase; AUCIH).
As such, AUCg closely mirrors the method in which both
subjective and objective early life stress severity is modeled
in previous work and in the calculation of social-evaluative
stress sensitivity in the current study (see below; Ho et al.,
2017, 2020).

Objective Stress Response - Cortisol. Objective
response to the social-evaluative stressor was assessed based
on cortisol responses across the TSST-C. Saliva samples
were collected using Sarstedt Salivettes across the TSST-C.
All participants completed the TSST-C in the afternoon to
control for diurnal variations in cortisol (Pruessner et al.,
1997). After collection, saliva samples were frozen and
stored at -20 °C until analysis. During analysis, salivettes
were centrifuged at 3,000 rpm for 5 min, resulting in a
clear supernatant of low viscosity. Salivary concentrations
were then measured using a commercially available che-
miluminescence immunoassay with high sensitivity (IBL
International, Hamburg, Germany). The intra and interassay
coefficients for cortisol were both below 8%. Before cal-
culating AUCg, we tested whether days since last period,
menstruation status, sleep the night prior to the laboratory
session, sex, and medication use were associated with corti-
sol across the TSST-C given the potential for these variables
to effect HPA axis functioning (Granger et al., 2009; Lep-
roult et al., 1997; Wolfram et al., 2011). None of the vari-
ables were associated significantly with cortisol levels at
any sampling point, ps > 115. Using trapezoidal integration,
the area under the curve with respect to ground (AUCg) was
calculated for cortisol across the TSST-C (Pruessner et al.,
2003). This method captures both intensity (i.e., overall dis-
tance of each measure to ground) and sensitivity (i.e., the
difference between individual measurements). Additional
details are presented in the online supplement.

Early Life Stress

Using the gold standard approach to assessing early life
stress and consistent with recent work (Ho et al., 2020;
King et al., 2017), youth completed a contextual interview
for the assessment of early life stress. Standardized inter-
view-based assessments have the benefit of being able to
characterize experiences of early life stress more precisely
compared to self-report measures, and are also characterized
by less mood-related reporting biases (Grant et al., 2004;
Vanaelst et al., 2012). In the present study, youth completed
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a modified version of the Traumatic Events Screening
Inventory for Children (TESI-C; King et al., 2017; Ribbe,
1996), a contextual interview which assesses youths’ life-
time exposure to 30 types of stressful events (e.g., parental
divorce, serious illness, bullying). For each event that was
endorsed, interviewers gathered extensive contextual details
to characterize the event.

Subjective Stress Severity. For each endorsed event,
youth provided subjective severity ratings on a 4-point scale
from O (not scared, confused, or helpless) to 3 (extremely
scared, confused, or helpless). Subjective early life stress
exposure was calculated by summing youths’ maximum
subjective severity ratings for each type of stressor that was
endorsed. This method ensures that frequent but less severe
events within each type of stressor are not excessively
weighted (King et al., 2017).

Objective Stress Severity. Consistent with best-practice
recommendations for assessing objective stress severity
and in line with previous work (Grant et al., 2004; Ho et
al., 2017, 2020), descriptions and contextual details of each
stressor were presented to a panel of three raters. To reduce
bias, raters were blind to details such as youths’ emotional
responses during the interview and youths’ subjective sever-
ity ratings. Specifically, trained research assistants tran-
scribed and delivered a description of each stressor to the
panel, excluding any details that could reveal the youth’s
subjective perception of the event’s severity. Raters, who
underwent rigorous training, then coded each endorsed
stressor for objective stress severity using a modified ver-
sion of the UCLA Life Stress Interview coding system
(King et al., 2017; Rudolph & Hammen, 1999). Objective
stress ratings were scored on a 0 (no impact) to 4 (extremely
severe impact) scale with half-point increments. Interrater
reliability was excellent (ICC=0.97). Objective early life
stress exposure was then calculated by summing the panel-
rated maximum objective severity score for each type of
stressor endorsed. Additional details are presented in the
online supplement.

Internalizing Symptoms

To assess internalizing symptoms, participants completed
the Children’s Depression Inventory (CDI; Kovacs, 2015),
the Center for Epidemiological Studies Depression Scale
for Children (CES-DC; Faulstich et al., 1986), the Multi-
dimensional Anxiety Scale for Children (MASC-10; March
et al., 1997), and the Anxiety Problems subscale of the
Youth Self-Report (YSR-AP; Achenbach, 1991). Higher
scores indicate greater symptoms of depression (i.e., CDI,
CES-DC) or anxiety (i.e., MASC-10, YSR-AP). All mea-
sures have been used widely in studies of both clinical
and non-clinical children and adolescents, and have strong
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psychometric properties (Baldwin & Dadds, 2007; Ebesu-
tani et al., 2011; Fendrich et al., 1990; Saylor et al., 1984).
For further detail, including descriptive statistics, reliability
estimates, and correlations between internalizing symptom
measures, see the online supplement. We examined linear
as well as quadratic trajectories of internalizing symptoms
given evidence of a non-linear change in rates of anxiety
and depression across adolescence (Copeland et al., 2014,
Hankin et al., 1998).

Covariates

To assess youths’ demographic characteristics, caregivers
completed a brief questionnaire assessing variables includ-
ing youth’s age, sex assigned at birth (hereafter referred to as
sex), and household income. Youth concurrently completed
a questionnaire assessing variables relevant to the assess-
ment of cortisol, including menstruation status and days
since last menstrual period (if relevant), amount of sleep the
night before the laboratory session, and medication use.
Pubertal staging was measured using the self-report Tan-
ner staging questionnaire (Marshall & Tanner, 1968), which
correlates highly with physicians’ physical examinations of
pubertal development (Shirtcliff et al., 2009). Youth viewed
a series of drawings depicting developmental stages of pubic
hair and breast/testes development, with stages ranging
from 1 (pre-pubertal) to 5 (post-pubertal) and were asked
to indicate which drawings best approximated their own
development. In line with previous work, we averaged Tan-
ner scores for each participant to create an index of average
pubertal development at each timepoint (Dorn et al., 2006).

Procedure

The study was approved by the University of British Colum-
bia Institutional Review Board. At baseline (immediately
prior to the high school transition; Time 1), participants and
their caregivers attended an initial laboratory session at the
University of British Columbia during which informed con-
sent was obtained from caregivers, and informed assent was
obtained from youth.

Youth then completed the TSST-C, the TESI, measures of
internalizing symptoms, and a measure of pubertal staging.
The laboratory session took place in the afternoon to control
for diurnal variations in cortisol, which was collected during
the TSST-C (Pruessner et al., 1997). Caregivers and youth
completed brief questionnaires assessing demographic and
health variables. Approximately 13 months later (M, s =
414.35; SD=86.62), during May—July of 2020 when the
first pandemic-related lockdown in the region was in place
(during the COVID-19 pandemic; Time 2), participants once
again completed measures of internalizing symptoms as

well as pubertal status. Approximately one year later (M,
=363.48; SD=12.49), in May—July of 2021 (approximately
15 months following the onset of the COVID-19 pandemic;
Time 3), participants re-completed measures of internal-
izing symptoms and pubertal status. Time 2 and Time 3
assessments were completed virtually using Qualtrics.

Planned Analyses
Discordance Indices of Stress Sensitivity

Social-Evaluative Stress Sensitivity. AUCg values were
standardized using a z-transformation for both negative
affect and cortisol. Using the standardized AUCg values, a
social-evaluative stress sensitivity index was computed by
calculating the residual variance in subjective (i.c., affective)
responsivity to the stressor after accounting for objective
(i.e., biological) responsivity to the stressor. This method
of calculating standardized residuals is a well-established
approach for comparing subjective and objective scores (De
Los Reyes & Prinstein, 2004; Krackow & Rudolph, 2008).
Higher values represent greater stress sensitivity, indicated
by an exaggerated subjective response to the stressor in rela-
tion to the objective response, while lower values represent
greater concordance between objective and subjective com-
ponents of the stress response.

Early Life Stress Sensitivity. Subjective and objective
early life stress exposure values were standardized using
a z-transformation. As in previous work (Ho et al., 2017,
2020), an early life stress sensitivity index was computed by
calculating the residual variance in subjective stress severity
after accounting for objective stress severity using a linear
regression model. As such, an individual with high early
life stress sensitivity would not necessarily have high early
life stress exposure. Higher values represent greater stress
sensitivity, indicated by a tendency to exhibit exaggerated
subjective responses to early life stress in relation to objec-
tive stress severity.

Main Analyses

Data analyses were conducted in R version 4.1.1 (R core
team, 2021). A series of variables were first tested as poten-
tial covariates in relation to youths’ internalizing symptoms
across time including age, pubertal stage, sex, household
income, and number of days between timepoints (Dahl &
Gunnar, 2009; Nolen-Hoeksema & Girgus, 1994). Time-
varying covariates (e.g., pubertal stage) were specified to
predict the outcome measures at corresponding time points,
while time-invariant covariates (e.g., sex assigned at birth)
were specified to predict the latent intercept and slope
growth factors (Wang & Wang, 2019). Taking a data-driven
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approach and based on best-practice recommendations,
only significant covariates were retained in the final model
to maximize power and prioritize model parsimony (Mur-
taugh, 1998).

Missing values for cortisol and affect ratings collected
during the TSST-C were addressed using Bayesian Stochas-
tic regression imputation, for the purpose of AUCg calcula-
tion. Less than 1.5% of data was missing for both cortisol and
affect ratings across the TSST-C. Given that Little’s MCAR
test indicated that both cortisol and affect data were miss-
ing at random (MAR; ps >0.919), the multivariate imputa-
tion by chained equations (MICE) approach implemented in
the ‘mice’ package for R (Buuren & Groothuis-Oudshoorn,
2011) was used. We then extracted scores on latent internal-
izing symptom factors that were developed for symptoms at
Time 1, Time 2, and Time 3 using the lavPredict() function
in lavaan (Wang & Wang, 2020). Specifically, latent fac-
tors representing internalizing symptoms at Times 1-3 were
based on scores from the CDI, CES-DC, MASC-10, and
YSR-AP at Time 1, Time 2, and Time 3, respectively. Fit
statistics associated with latent internalizing symptom fac-
tor models are presented in the online supplement. Extracted
factor scores were then included as observed endogenous
variables in subsequent analyses. The number of indica-
tors used in the present study (n=4 at each timepoint) was
selected for statistical and methodological reasons. Statisti-
cally, four indicators is considered to be ideal as it increases
the stability of the latent factor and decreases the possibility
of empirical under-identification (Kline, 2016; Mueller &
Hancock, 2018). Methodologically, having three or more
indicators improves the quality of the construct’s mea-
surement, including both the replicability of the construct
across samples and its theoretical breadth through greater
symptom coverage (Mueller & Hancock, 2018). Indeed,
recent empirical work suggests that different assessment
tools assess different symptoms and, thus, the use of mul-
tiple questionnaires is recommended to both capture the full

range of symptom presentations and to increase robustness
of measurement (Fried, 2017; Fried et al., 2022).

To test associations between discordance indices of stress
sensitivity and internalizing symptoms over time, a latent
growth curve modeling (LGCM) approach was employed
using the ‘lavaan’ package for R (Rosseel, 2012). We first
fit unconditional candidate growth models describing both
linear and quadratic trajectories of internalizing symptoms
over time, given that three or more time points provide
the opportunity to test for nonlinear trajectories (see best-
practice guidelines in the estimation of structural equation
models described by Duncan and Duncan, 2009 and Kline,
2016). After identifying the best-fitting model using Akaike
Information Criteria (AIC), Bayesian Information Criteria
(BIC), and a chi-square difference test (Ay?), a conditional
model was developed by regressing growth factors on both
social-evaluative stress sensitivity and early life stress sen-
sitivity, which were allowed to covary (see Fig. 1). Model
parameters were estimated using the maximum likelihood
(ML) estimator, employing full information maximum like-
lihood (FIML) for missing data estimation (Wang & Wang,
2020). The variances of the intercept and growth factors were
fixed for model identification (Duncan et al., 2006; Rosseel,
2015). To evaluate model fit, we used the chi-square (%)
test, with a non-significant chi-square test indicating good
model fit. However, as the chi-square statistic is sensitive
to sample size, we also used incremental fit indices, includ-
ing the root mean square error of approximation (RMSEA),
the standardized root mean square residual (SRMR), and the
comparative fit index (CFI), which is consistent with recom-
mendations put forth by Kline (2016). RMSEA and SRMR
values of less than 0.05 and CFI values over 0.90 indicate
good model fit (Hu & Bentler, 1999; Schermelleh-Engel et
al., 2003).

Fig. 1 Latent growth curve model
describing associations between

discordance indices of stress
sensitivity and trajectories of
internalizing symptoms
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Table 2 Correlations Between Study Variables
1 2 3 4 5
1. Time 1 Internalizing Symptoms - -- - - -
2. Time 2 Internalizing Symptoms 143%* -- -- -- --
3. Time 3 Internalizing Symptoms 566%* S5T72%%* -- - --
4. Social-Evaluative Stress Sensitivity 306%* 137 265 -
5. Early Life Stress Sensitivity —.070 —.129 —.255 —.095 --
6. Sex .203* 271%* Al6* .125 .034
* Indicates significance at the 0.05 level (2-tailed).
4
High
Average
Low
w 2
£
]
Q
=
> —
w S —
o)) e
=
N
@ 0
=
D
£
-2
Time 1 Time 2 Time 3

Fig. 2 Trajectories of internalizing symptom in youth with high (+1
SD), average, and low (-1 SD) levels of social-evaluative stress sensi-
tivity. Shaded ribbons represent one standard error around each group

Results
Preliminary Analyses

Participant demographic and clinical characteristics are pre-
sented in Table 1. Covariate analyses indicated that only sex
was significantly associated with internalizing symptoms,
£=0.39, p=.036, such that females had higher levels of
internalizing symptoms. Thus, sex was included as a time-
invariant covariate in the final structural model. Correla-
tions between study variables are presented in Table 2.

mean trajectory. The onset of the COVID-19 pandemic occurred
immediately prior to Time 2

Growth Models

A quadratic growth model was retained as the best-fit-
ting growth curve model. The AIC and BIC values for
the quadratic growth model were smaller (AIC=2850.33,
BIC =845.27) than values associated with the linear growth
model (AIC=863.75, BIC=860.37). A significant chi-
square difference test provided additional support for the
superior fit of the quadratic growth model, Ay*(3)=19.42,
p<.001. As the quadratic growth model was just-identified
(i.e., df=0), fit indices are not reported for the baseline
model. On average, trajectories were characterized by a
negative intercept (f = -0.02), a negative linear slope (f =
-0.08), and a positive quadratic slope (£=0.11).
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Stress Sensitivity and Trajectories of Internalizing
Symptoms

We then fit a conditional model in which growth factors
were regressed on both social-evaluative stress sensitivity
and early life stress sensitivity (see Fig. 1). Results indi-
cated that this hypothesized structural model was a good
fit to the data: y*(2)=1.54, p=.464, RMSEA=0.000,
SRMR =0.032, and CFI=1.00. Statistics for the structural
model are presented in Fig. 1.

In line with hypotheses, social-evaluative stress sensitiv-
ity was associated with internalizing symptoms at baseline,
=047, p=.011, such that greater discordance between
subjective (i.e., affective) and objective (i.e., biological)
responses to the stressor was associated with higher pre-
pandemic internalizing symptoms. Further, social-evalua-
tive stress sensitivity was associated with the linear slope, S
=-0.59, p=.022, and quadratic slope of internalizing symp-
toms over time, f=0.56, p=.038, such that greater discor-
dance was associated with a nonlinear symptom trajectory
with an initial downward trend, but greater quadratic growth
in symptoms over time (i.e., an overall acceleration in the
internalizing symptom growth trajectory). For the purposes
of illustration, we plotted trajectories of internalizing symp-
toms among individuals with high (+1 SD), average, and
low (-1 SD) levels of social-evaluative stress sensitivity
(Fig. 2).

In contrast, early life stress sensitivity was not associated

sensitivity was not associated with early life stress sensitiv-
ity, cov=—0.08, p=.475.!

Discussion

Stress exposure is a powerful predictor of the onset, mainte-
nance, and recurrence of internalizing symptoms in adoles-
cence; however, not all youth exposed to stressors develop
elevated levels of internalizing symptoms. Stress sensitiv-
ity has therefore been posited as a key mechanism through
which stress exposure influences internalizing psychopa-
thology (Hammen, 2015). In the present study we found
that sensitivity to social-evaluative stress (but not early life
stress) was associated with higher pre-pandemic levels of
internalizing symptoms and with an accelerated trajectory
of increasing symptoms. We examined trajectories of symp-
tom change across the transition from early to mid-adoles-
cence, a developmental period involving well-documented
increases in rates of both anxiety and depression upon which
two significant contextual stressors were superimposed: the
transition to high school and the COVID-19 pandemic.

The present work represents a methodological step for-
ward for the field by conceptualizing stress sensitivity
through two distinct discordance indices, each of which
is consistent with theoretical formulations of stress sensi-
tivity (i.e., elevated subjective appraisal of the severity of
a stressor in relation to the objective severity; Conway et

Table 3 Results of Growth Model Predicting Trajectories of Internalizing Symptoms

S b (SE) [95% CI] )4
Effects on Intercept
Sex 0.29 0.71 (0.39) [-0.05, 1.47] 0.068
Social-Evaluative Stress Sensitivity 0.47 0.57 (0.22) [0.13, 1.01] 0.011
Early Life Stress Sensitivity -0.08 -0.10 (0.20) [-0.50, 0.30] 0.624
Effects on Linear Slope
Intercept 1.19 5.69 (1.59) [2.57, 8.80] <0.000
Sex -0.29 -3.38 (2.58) [-8.43, 1.67] 0.189
Social-Evaluative Stress Sensitivity -0.59 -3.39 (1.48) [-6.29, -0.50] 0.022
Early Life Stress Sensitivity 0.12 0.67 (1.18) [-1.65,2.98] 0.574
Effects on Quadratic Slope
Intercept -1.10 -2.23(0.78) [-3.77,-0.69] 0.004
Sex 0.39 1.91 (1.12) [-0.27, 4.10] 0.086
Social-Evaluative Stress Sensitivity 0.56 1.37 (0.66) [0.08, 2.67] 0.038
Early Life Stress Sensitivity -0.15 -0.36 (0.51) [-1.36, 0.63] 0.471

Note: Significant p-values are presented in bold.

with internalizing symptoms at baseline, f = -0.08, p =.624,
or with either the linear, f=0.12, p=.574, or quadratic
slope of change, f = -0.15, p=.471 (see Table 3). In addi-
tion, although theoretically similar, social-evaluative stress

@ Springer

' The main analyses were repeated after replacing latent factor scores
with summed standardized symptom scores. An identical pattern of
findings emerged: social-evaluative stress sensitivity was associated
with higher levels of internalizing symptoms at baseline, and with
a nonlinear symptom trajectory with an initial downward trend and
greater quadratic growth in symptoms over time (ps < 0.05). Early life
stress sensitivity was not associated significantly either with symptoms
at baseline or with longitudinal symptom trajectories.
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al., 2012; Hammen, 2015). Discordance indices allow for
a multi-method approach through the incorporation of
variables across methods of measurement (e.g., affective,
biological, cognitive), thus generating a more nuanced
understanding of stress sensitivity. Findings indicated that
greater social-evaluative stress sensitivity was associated
with higher levels of internalizing symptoms pre-pandemic,
and with a symptom trajectory characterized by an initial
downward trend but greater quadratic growth in symptoms
for adolescents during the pandemic. These results support
the proposition that greater subjective appraisals of stress
severity in relation to objective markers of stress severity
predict trajectories of internalizing symptoms. Intriguingly,
findings are also in line with previous work showing that
greater subjective than objective stress severity is linked
with poorer coping strategies (e.g., Sommerfeldt et al.,
2019). Converging evidence suggests that it is the subjec-
tive experience of stress, rather than objective exposure
to stress, that is most strongly related to psychopathology
across the lifespan (Danese & Widom, 2020, 2021; Walker
et al., 2004). There is reason to believe this association
could be related to coping in the context of stress exposure.
For example, previous work has shown that greater stress
sensitivity (conceptualized as greater discordance between
subjective and objective responses to stress) is associated
with greater difficulty regulating emotions and the use of
maladaptive regulation strategies (Lanteigne et al., 2014).
Thus, individuals with higher stress sensitivity may respond
to stressors with maladaptive emotion regulation strategies
that, over time, increase risk for the onset, maintenance,
and recurrence of internalizing psychopathology (LeMoult,
2020).

When both indices of stress sensitivity were included in
the model, we found that social-evaluative stress sensitiv-
ity, but not early life stress sensitivity, was associated with
trajectories of internalizing symptoms. This suggests that
each index may tap into a distinct vulnerability, which is
supported by our finding of limited concordance between
the two discordance indices. By modeling the discordance
between two aspects of the stress response, the social-
evaluative stress sensitivity index is closely related to the
concept of emotional discordance. It may therefore be a par-
ticularly relevant index of stress sensitivity during adoles-
cence given the remarkable neural changes occurring during
this period. The transition from childhood to adolescence
involves a profound shift in the neural circuitry underlying
emotional behavior. Whereas childhood is dominated by
an information flow from the amygdala to the dorsal ante-
rior cingulate cortex (dACC) and ventromedial prefrontal
cortex (vmPFC), adolescence is marked by an opposite
flow, indicative of a change from bottom-up excitatory
processing to top-down regulatory functioning (Gee et al.,

2022). Given the dramatic neural restructuring occurring
in early adolescence, a diminished ability to recruit regu-
latory regions of the brain to downregulate limbic activity
could result in greater stress sensitivity to social-evaluative
stress, which we found in turn to predict exacerbations in
internalizing symptoms in the context of stress exposure.
In addition, social-evaluative stress sensitivity could be a
particularly relevant index of stress sensitivity during early
adolescence given that the adolescent transition (and cor-
responding transition to high school) is characterized by
shifts in social roles and responsibilities and is a time when
youth become more sensitive to both peer acceptance and
rejection (Kilford et al., 2016). As such, it is possible that
stress sensitivity operationalized based on responses to a
psychosocial stressor in which youth are overtly evaluated
on their performance, could be distinctly relevant during
the adolescent period. One final possibility is that task char-
acteristics could account for the observed pattern of find-
ings. The social-evaluative index of stress sensitivity was
assessed contemporaneously with baseline internalizing
symptoms, whereas the early life index of stress sensitiv-
ity (assessed via the TESI-C; Ribbe, 1996) reflected events
occurring earlier in time and, thus, more distal to the mea-
sures of current internalizing symptoms. Nevertheless, there
is an abundance of evidence demonstrating that early life
stress is strongly associated with internalizing psychopa-
thology across the lifespan (Infurna et al., 2016; LeMoult et
al., 2020; Li et al., 2016).

Contrary to hypotheses, the two indices of stress sensi-
tivity were not significantly correlated with one another.
This indicates that indices of stress sensitivity cannot be
treated as indistinguishable and underscores the importance
of examining whether different indicators of stress sensi-
tivity converge with one another and with outcomes over
time (Hammen, 2015). Our finding of limited concordance
between indices of stress sensitivity has important meth-
odological implications for the field: to advance theoreti-
cal understanding of the antecedents and consequences of
stress sensitivity, future work in this area ought to include
multiple indices of stress sensitivity across multiple levels
of assessment.

Limitations

Results of this study should be interpreted in the context of
several limitations. Although our sample is generally repre-
sentative of the Vancouver metropolitan area, the majority
of youth in the present sample identified as White and many
participant households exceeded the median Canadian
household income (Statistics Canada, 2021). Therefore, the
present study should be replicated in more generalizable
samples with greater racial and socioeconomic diversity.
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Next, although the current sample exceeds best-practice
recommendations of sample sizes (Boomsma, 1985), larger
samples offer multiple advantages including more closely
replicating population demographics. Additionally, it is
possible that early life stress sensitivity could emerge as a
significant predictor of internalizing symptom trajectories
in a larger, more diverse, and/or high-risk sample (Aron &
Aron, 1999), highlighting the importance of replication. The
sample size in the present study also limited the complexity
of the model we were able to develop due to power-related
considerations. For instance, though there is reason to
expect that both anxiety and depression would be associated
with discordance indices of stress sensitivity, differential
associations could emerge with anxiety versus depression
given evidence that discordance-based early life stress sen-
sitivity is associated with symptoms of both generalized and
social anxiety in youth (Ho et al., 2017, 2020). Thus, future
work with larger sample sizes should investigate anxiety
and depression separately to test whether there are distinct
associations of stress-sensitivity indices with each outcome.
Similarly, it is possible that gender differences exist in the
observed associations. For instance, recent work found
stronger support for a stress-reactivity versus stress-expo-
sure model in the development of depression among ado-
lescent girls but not among adolescent boys (Morken et al.,
2023). Given the theoretical similarities between stress-sen-
sitivity and stress-reactivity models, these findings highlight
the importance of future well-powered work investigating
gender differences in the associations between discordance-
based stress sensitivity and internalizing symptoms. Future
work could also consider an additional metric of objective
early life stress sensitivity (e.g., court records) to further
reduce bias: while we took several measures to reduce the
potential for bias across the rating process, the involvement
of humans in the rating process inherently introduces a
degree of subjectivity. Next, although three or more time-
points allow for the possibility of testing quadratic growth
over time, future studies should include a greater number
of sampling occasions to determine whether the identi-
fied trend generalizes across time in a less restricted model
(Duncan & Duncan, 2009; Kamata et al., 2013). Finally,
while the variances of the intercept and growth factors were
fixed for model identification in the present study, it would
be interesting for future work to consider testing the inter-
cept and growth factors as random effects.

Conclusions
Adolescence is a developmental period of marked “storm

and stress” (Hall, 1904). We identified an association
wherein sensitivity to social-evaluative stress (but not early

@ Springer

life stress) was associated with higher pre-pandemic levels
of internalizing symptoms and an accelerated trajectory of
increasing symptoms for adolescents during the pandemic.
These findings identify a key vulnerability factor (i.e.,
social-evaluative stress sensitivity) that may place youth on
a pernicious trajectory during times of stress. If replicated,
findings could have implications for policy and practice.
For instance, policies establishing school curricula designed
to ameliorate social-evaluative stress sensitivity have the
potential to promote mental health wellbeing for youth
(Greenberg et al., 2017; Greenberg & Abenavoli, 2016). In
addition, this work responds to a recent call put forth by
Hammen (2015), which states that the field is hampered by
the absence of work examining concurrent and predictive
associations between indices of stress sensitivity (and, in
particular, indices involving multiple measures at differ-
ent levels of conceptualization) and outcomes. The present
study responds to this call and, in doing so, highlights the
importance of approaches that utilize multiple stress sensi-
tivity indicators. In addition, this work demonstrates that the
discordance between objective and subjective responses to
stress is not simply methodological noise; as such, it should
continue to be explored as a meaningful metric of stress
sensitivity.
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