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Predicting Late Adolescent Anxiety
From Early Adolescent
Environmental Stress Exposure:
Cognitive Control as Mediator
Nancy Tsai1* , Susanne M. Jaeggi2, Jacquelynne S. Eccles2, Olivia E. Atherton3 and
Richard W. Robins3

1 McGovern Institute for Brain Research, Massachusetts Institute of Technology, Cambridge, MA, United States, 2 School of
Education, University of California, Irvine, Irvine, CA, United States, 3 Department of Psychology, University of California,
Davis, Davis, CA, United States

Early exposure to stressful life events is associated with greater risk of chronic diseases
and mental health problems, including anxiety. However, there is significant variation
in how individuals respond to environmental adversity, perhaps due to individual
differences in processing and regulating emotional information. Differences in cognitive
control – processes necessary for implementing goal directed behavior – have been
linked to both stress exposure and anxiety, but the directionality of these links is
unclear. The present study investigated the longitudinal pathway of environmental
stress exposure during early adolescence on later adolescent anxiety, and the possible
mediating mechanism of cognitive control. Participants were 674 Mexican-origin
adolescents (meanage = 10.8 years, 50% male) enrolled in the California Families Project,
an ongoing longitudinal study of Mexican-origin families. In the current analysis, we
examined self-reports of environmental stressors at age 14 (Time 1), cognitive control
at age 16 (Time 2), and anxiety at age 18 (Time 3). Structural equation modeling
revealed that environmental stressors (Time 1) had both direct and indirect effects on
later anxiety (Time 3) through their effects on cognitive control (Time 2), even when
accounting for prior levels of anxiety (Time 2). Cognitive control accounted for 18% of
the association between environmental stressors and adolescent anxiety: an increase in
stressors decreased cognitive control (β =−0.20, p < 0.001), however, cognitive control
buffers against anxiety (β =−0.10, p = 0.004). These findings deepen our understanding
of the mechanisms underlying the development of anxiety and highlight the importance
of cognitive control as a potential protective factor.

Keywords: cognitive control, executive function, self-regulation, mental health, stress

INTRODUCTION

Exposure to stressful life events is associated with greater risk of developing chronic diseases and
mental health disorders, including anxiety – the most prevalent psychiatric disorder experienced
by youth (Pérez-Edgar and Fox, 2005; Pine, 2007; Rapee et al., 2009). However, there is significant
variation in how individuals respond to environmental adversity, and those individual differences
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might be related to the processing and regulation of information.
These cognitive control processes necessary for implementing
goal-directed behavior – an umbrella term for a collection
of related yet distinct processes that are also labeled effortful
control, executive function, and self-regulation, depending on
the field of study (Zhou et al., 2012) – have been significantly
associated with anxiety, as well as a range of other psychiatric
disorders such as depression and substance abuse (e.g., Baler and
Volkow, 2006; Hirsch and Mathews, 2012; Zainal and Newman,
2018). Cognitive models of generalized anxiety disorder have
converged on cognitive control as a potential mechanism of
psychopathology (Joormann, 2006; Joorman et al., 2009; Hirsch
and Mathews, 2012). For example, the Attentional Control
Theory (Eysenck and Derakshan, 2011) and the Processing
Efficiency Theory (Eysenck and Calvo, 1992) were put forth to
explain the reallocation of cognitive resources when processes
such as inhibition, stress, and negative thoughts co-occur. These
theories postulate that compromised cognitive control is linked
to excessive and uncontrollable worry, a core symptom of anxiety.
Indeed, cross-sectional studies have found an association between
a range of cognitive control functions and anxiety disorders
(e.g., Toren et al., 2000; Muris and Ollendick, 2005; Fujii et al.,
2013), as well as the degree of cognitive control impairment
being commensurate with the severity of anxiety among patients
with generalized anxiety disorder (Hallion et al., 2017). The
few studies examining longitudinal associations have found that
executive function is related to anxiety problems in an adolescent
population two years later (Han et al., 2016) and in adults nine
years later (Zainal and Newman, 2018). The scarcity of studies
examining longitudinal associations between of cognitive control
and anxiety begs the question of directionality and whether
cognitive control is an underlying mechanism that might mediate
the effect of stress exposure on the development of anxiety.

Stress and cognitive control are processed by closely
related neural systems (e.g., Herman et al., 2005), leading
some researchers to speculate that stress exposure during
childhood and adolescence, sensitive periods of neurocognitive
development, can compromise the development of the neural
regions that underlie the development of cognitive control
(Shonkoff and Phillips, 2000; Lupien et al., 2009). For example,
a longitudinal study of infants raised in a predominantly
low-income environment found that the chronic physical and
psychosocial stress exposure associated with poverty predicted
later executive function in pre-kindergarten (Berry et al., 2012).
In their longitudinal study examining childhood poverty (age 9)
and later adult emotion regulation (age 24), Kim et al. (2013)
found that cumulative chronic stress mediated the relationship,
mimicking findings highlighting the mediating role of stress
between childhood poverty and later cognitive control (e.g.,
Evans and Schamberg, 2009; Blair et al., 2011; Evans and Fuller-
Rowell, 2013; Kim et al., 2018). These findings underscore the
link between early stress exposure to later diminished executive
function abilities (Gunnar et al., 2009; Blair, 2010; Ursache et al.,
2013), but whether these relationships together explain anxiety
outcomes remains unclear.

Although the aforementioned links all strongly suggest a
mechanism by which early experiences of stress contribute to

anxiety outcomes, few published studies to date have explicitly
examined the relationship between stress exposure, cognitive
control, and anxiety together. In a recent study, Huh et al. (2017)
found mediating effects of emotion regulation (i.e., cognitive
control in emotionally salient contexts) on the relationship
between acute childhood stressors and adult anxiety symptoms
in a clinical population using a cross-sectional design. Similarly,
Affrunti and Woodruff-Borden (2015) found that executive
functions mediated the relationship between fear perception
and anxiety in 7- to 10-year-old children. With a short-
term longitudinal design, Gulley et al. (2016) examined the
interaction of effortful control and stressors on the development
of anxiety over a 3-month period finding that, at low levels
of stress, high level of effortful control protected against the
development of anxious symptoms. With little to almost no
prospective studies to draw from, some have speculated that
adolescents with more effective cognitive control abilities are
better able to process negative emotional information, which
in turn lowers their risk for psychopathology (Martel et al.,
2007; Micco et al., 2009). Similarly, Nigg (2006) theorizes that
anxiety arises from experiences of both negative affect and
impaired cognitive control. That is, greater exposure to stressors
paired with lower levels of cognitive control may contribute
to increased anxiety and depression (Anthony et al., 2002;
Eisenberg et al., 2005). However, no studies to date have tested
these theories by examining the longitudinal relations between
early environmental stress exposure, cognitive control, and later
anxiety, and thus, the directionality of these relationships remains
unclear and beckons the need for further research.

In the present study, we conducted a prospective mediation
analysis to evaluate the effect of environmental stress exposure
during early adolescence on late adolescent anxiety and examine
the possible mediating mechanism of cognitive control. Given
previous findings, we hypothesize that:

(1) Increased stress exposure is associated with higher levels of
anxiety.

(2) This relation between stress exposure and anxiety is
partially mediated by cognitive control, with increased
stress exposure leading to impaired cognitive control,
whereas cognitive control in turn buffers against the
development of anxiety.

Previous research examining the association between
environmental stress exposure and anxiety has often
operationalized environmental stress as poverty, leaving a
vast range of other possible environmental stressors overlooked
and/or under examined. Thus, the present study uses data from
a sample of Mexican-origin youth in the United States who
face unique challenges and may experience greater exposure to
adversity ranging from fewer material and emotional resources
to increased exposure to discrimination and neighborhood
violence, and more chaotic and less stable home environments
(Evans and Kantrowitz, 2002; Evans and Kim, 2010), experiences
that can cause chronic stress beyond those of financial origins.
Moreover, data from this sample of youth provide an opportunity
to examine changes in cognition and anxiety in the context of
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adolescence – a unique developmental time period marked by
notable neurocognitive changes and heightened prevalence of
stress-related psychological disorders (Merikangas et al., 2010;
Romeo, 2017). Thus, it is critical for research to elucidate the
potential risk factors that lead to the development of these
disorders during this period of enhanced vulnerability.

MATERIALS AND METHODS

Participants
Participants were 674 Mexican-origin adolescents
(meanage = 10.8 years, 50% male) enrolled in the California
Families Project, an ongoing 12-year longitudinal study of
Mexican-origin families (for additional details about the study,
see Martin et al., 2019; Atherton et al., 2020). Of the 674
participants, 551 participants had longitudinal data for all our
variables of interest at ages 14 (Time 1), 16 years (Time 2), and
18 years (Time 3) and were included in the analysis. Potential
participants were drawn at random from rosters of students
from the Sacramento and Woodland, CA, school districts. To
be eligible for participation in this study, the focal child had to
be in the fifth grade, of Mexican origin, and living with his/her
biological mother; 72.6% of the eligible families consented to
participate in the study, which was granted approval by the
Institutional Review Board of University of California, Davis.

Measures
Environmental Stressors
We measured environmental stress exposure using a composite
of three separate scales that were all administered at age
14: neighborhood criminal events, neighborhood quality
dissatisfaction, and adolescent reports of discrimination
experiences. Similar to other composite measures such as
socioeconomic status, which is often defined as a composite
of occupation, education, and income, our measure of
environmental stress exposure is a formative construct: the
events are largely independent of each other but collectively
contribute to the construct (see Edwards and Bagozzi, 2000).
Therefore, environmental stress exposure was calculated by
summing the average scores of all three risk factors. Additive
indices of cumulative stress exposure are robust and consistently
predict mental health outcomes better than indices of singular
stress exposure or alternative multiple stress exposure metrics
(Evans et al., 2013; Kim et al., 2013; Evans and Cassells, 2014)
and have been established as a reasonable method in capturing
the confluence of physical and psychosocial challenges associated
with adolescent adversity (Evans and English, 2002).

Neighborhood Criminal Events Scale
The adolescent reported on neighborhood-level violence using
the Neighborhood Criminal Events Scale, which consists of 10
items. These items assess the extent to which there is violence
and disorder in the neighborhood (Aneshensel and Sucoff, 1996;
Bowen and Chapman, 1996; Sampson et al., 1997; Cutrona et al.,
2000; Ross and Jang, 2000). The scale includes items, such as
“How often did [violent crimes including stabbings, shootings,

and violent assaults] happen in your neighborhood in the past
year?” and “How often did [kids sell illegal drugs] in your
neighborhood in the past year?” Ratings were made on a four-
point scale ranging from 1 (almost never or never) to 4 (almost
always to always). Higher scores indicated greater exposure to
crime. The scale demonstrated good internal reliability (α = 0.88).

Neighborhood Quality Dissatisfaction
The adolescent reported on his/her personal evaluation of
attractiveness of the neighborhood using an abbreviated version
of Neighborhood Quality Evaluation Scale (Roosa et al., 2005),
which consists of six items. A typical item is “Your neighborhood
is clean and attractive” and “Overall, you are satisfied with your
neighborhood.” Ratings were made on a four-point scale ranging
from 1 (not at all true) to 4 (very true). Higher scores indicated
higher perceptions of neighborhood quality. The average score
was then reversed to reflect negative neighborhood quality, with
higher scores indicating poorer perceptions of neighborhood
quality, which was then used as part of the cumulative stressor
score. This scale demonstrated excellent internal reliability
(α = 0.93).

Perceived Ethnic Discrimination
The adolescent reported his/her perceived personal experiences
with ethnic discrimination using four items, which were adapted
for use in the La Familia Project (Johnston and Delgado, 2004)
from questions on the Racism in the Workplace Scale (Hughes
and Dodge, 1997) and Schedule of Sexist Events (Klonoff and
Landrine, 1995). Sample items include “You have heard your
teachers at school making jokes or saying bad things about
[Mexicans/Mexican–Americans]” and “Teachers think kids who
speak Spanish don’t do as well at school.” Ratings were made on
a four-point Likert scale, ranging from 1 (almost never or never)
to 4 (almost always or always). Higher scores indicated greater
experiences of discrimination. The scale demonstrated adequate
internal reliability (α = 0.68).

Cognitive Control
Adolescents completed the effortful control scale (16 items)
from the short form of the Early Adolescent Temperament
Questionnaire – Revised when the adolescent was 16 years
old (EATQ-R; Ellis and Rothbart, 2001). The 16-item EATQ-R
scale assesses various aspects of cognitive control including the
capacity to perform an action when there is a strong tendency to
avoid it, the capacity to focus and shift attention when desired,
and the capacity to suppress and regulate dominant impulses.
This scale includes items such as “When someone tells you to
stop doing something, it is easy for you to stop.” and “You pay
close attention when someone tells you how to do something.”
Ratings were made on a four-point scale ranging from 1 (not at
all true of you) to 4 (very true of you). Higher scores indicated
greater cognitive control. The full scale demonstrated adequate
reliability (α = 0.65). Cognitive control assessed at age 16 (Time
2) was included as our mediator of interest.

Anxiety
Anxiety was assessed using the Mini-Mood and Anxiety
Symptom Questionnaire (Casillas and Clark, 2000). For our

Frontiers in Psychology | www.frontiersin.org 3 August 2020 | Volume 11 | Article 1838

https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org/
https://www.frontiersin.org/journals/psychology#articles


fpsyg-11-01838 August 9, 2020 Time: 12:2 # 4

Tsai et al. Cognitive Control Mediates Stress and Anxiety

measure of anxiety, we composited the anxiety (three items;
“How much have you felt keyed up or on edge”) and anxious
arousal (10 items; “Have you had trouble swallowing”) items into
an overall anxiety scale. Participants rated how much they “felt
or experienced” each symptom “during the past week” using a
four-point scale ranging from 1 (not at all) to 4 (very much).
Higher scores indicated more anxiety. The scale demonstrated
good reliability (α = 0.87). Anxiety assessed at age 16 (Time 2)
was included as a covariate given that our outcome of interest
was anxiety at age 18 (Time 3).

Analytical Approach
Our prospective mediation analysis was framed around three
time points (Time 1, 2, 3) in order to capture a full
prospective mediation model. Several considerations informed
the development of our analytical model: (1) the temporal
sequence of variables required in a mediation model; (2) the need
to account for the stability of anxiety over time, to ensure that
the effects of environmental stress and cognitive control are, in
fact, prospectively predicting anxiety (and not just due to the
fact that anxiety symptoms are stable across adolescence); and
(3) the equivalent distance of time between measurements. Our
final model was determined by these constraints and captures the
development of these constructs during the peak of adolescence.
Thus, we examined self-reports of environmental stressors at age
14 (Time 1), cognitive control at age 16 (Time 2), and anxiety at
age 18 (Time 3), while including anxiety at age 16 as a covariate1.

To address our research questions, we conducted a prospective
mediation analysis using SEM in Stata Version 13 (StataCorp,
2013). Bootstrapping procedures in SEM were used to test the
significance of the mediation effects of cognitive control. In
this study, 200 bootstrapping samples were generated from the
original data set by random sampling to determine indirect effects
of mediating variables and analyze the corresponding confidence
intervals. This statistical approach is considered to be a robust
method of analyzing indirect effects (Hayes, 2009).

RESULTS

Descriptive statistics, correlations, and α reliability estimates
for all study variables were calculated prior to addressing
our research questions and are displayed in Table 1. The

1Sex was also examined as a second covariate but did not change any of the findings
(i.e., all significant effects remained significant), and thus was omitted from the
final model presented here.

hypothesized structural model comprised three observed
variables: environmental stressors at age 14 (Time 1), cognitive
control at age 16 (Time 2), and anxiety at age 18 (Time
3). In addition, we included anxiety at age 16 (Time 2)
as a predictor of anxiety at age 18 (Time 3) in order to
account for the fact that anxiety symptoms are likely stable
over time and allow us to draw stronger inferences about
prospective effects.

We hypothesized that individuals with higher levels of
environmental stress exposure would later report higher levels
of anxiety, as compared with peers with lower levels of
environmental stress exposure (Hypothesis 1). Furthermore,
we predicted that this effect would be mediated by cognitive
control (Hypothesis 2). Indeed, structural equation modeling
revealed that cumulative environmental stressors at age 14
had both direct (path c′, Figure 1B) and indirect (paths
a and b, Figure 1B) effects on later anxiety at age 18
through their effects on cognitive control at age 16 even
when previously reported anxiety at age 16 was included
as a covariate. Figure 1 shows the results of a test of
the full model, including the total (Figure 1A) and indirect
effects (Figure 1B) among cumulative environmental stressors,
cognitive control, and anxiety.

Consistent with Hypothesis 1, our results show that
adolescents who report higher levels of cumulative
environmental stressors at age 14 later reported greater
anxiety at age 18 (c; β = 0.11, B = 0.06, z = 2.68, p = 0.02).
Consistent with Hypothesis 2, which predicts that cognitive
control would mediate the relation between cumulative
environmental stressors and early adulthood anxiety, our results
demonstrate a significant effect of environmental stressors
on cognitive control (a; β = −0.20, B = −0.17, z = −4.52,
p < 0.001), of cognitive control on anxiety (b; β = −0.10,
B = −0.07, z = −2.91, p = 0.004), and of environmental
stressors on anxiety (c′; β = 0.09, B = 0.05, z = 2.00, p = 0.05).
These effects remained statistically significant even while
controlling for anxiety at age 16, which suggests that cognitive
control as a mediator is prospectively predicting anxiety at
age 18 over and above prior levels of anxiety. That is, those
reporting higher levels of environmental stressors tended
to have lower cognitive control. Higher cognitive control,
in turn, was associated with lower levels of late adolescent
anxiety. The bootstrapped unstandardized indirect effect was
B = 0.012, confidence interval [0.002, 0.02], and thus, the
indirect effect was statistically significant. As a partial mediator,
cognitive control accounted for 18% of the association between

TABLE 1 | Mean, Standard Deviations (SD), and pairwise correlations among study measures.

Measure Time at
measurement

Age at
measurement

Mean SD 1 2 3

1. Environmental stressors T1 14 1.67 0.44

2. Cognitive control T2 16 2.93 0.37 −0.19**

3. Anxiety at Age 16 T2 16 1.3 0.3 0.18** −0.33**

4. Anxiety at age 18 T3 18 1.22 0.26 0.17** −0.21** 0.35**

The presentation of the pairwise correlations focus on the measures at timepoints relevant to the analysis. Correlation is significant at **p < 0.001.
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FIGURE 1 | Path model showing the effect of cumulative environmental stressors on anxiety mediated by cognitive control. Total effects model (A) and indirect
effects model (B) demonstrate the cognitive control at age 16 partially mediated the relation between environmental stressors at age 14 and anxiety at age 18.
Anxiety at age 16 is included as a covariale. Residual variances of cognitive control and anxiety at age 16 are correlated to account for association due to
unmeasured common causes (r = −0.03). Both standardized and unstandardized coefficients are shown. p < 0.05, ∗∗p < 0.01, ∗∗∗p < 0.001.

environmental cumulative stressors and adolescent anxiety
(indirect effect/total effect): individuals reporting higher levels
of cumulative environmental stress exposure tended to have
decreased cognitive control (β = −0.20, B = −0.17, p < 0.001),
cognitive control in turn was associated with decreased anxiety
(β = −0.10, B = −0.07, p = 0.004). Taken together, these
findings are consistent with the hypothesis that cumulative
environmental stress exposure is associated with later anxiety
at least in part because stress exposure impairs cognitive
control, a critical factor in buffering against the development
of anxiety.

DISCUSSION

The purpose of the current study was to investigate the potential
meditational role of cognitive control in the longitudinal relation
between cumulative environmental stress exposure and the
development of late adolescent anxiety. Given previous research,
we tested the hypotheses that (1) increased stress exposure would
be associated with higher levels of anxiety, and (2) this association
would be partially mediated by cognitive control, with increased
stress exposure being associated with impaired cognitive control,
which in turn is linked to increased anxiety.
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In line with our first hypothesis, our findings revealed
a statistically significant positive association between early
adolescent cumulative environmental stress exposure and later
adolescent anxiety, albeit with β = 0.11, the effect is considered
small (small = 2%, medium = 15%, and large = 25%;
Lachowicz et al., 2018). This is consistent with a large body of
research demonstrating a link between early exposure to adverse
experiences and a range of later physical and mental health
outcomes (see Nusslock and Miller, 2016, for review). However,
our findings point to the importance of examining stress
exposure from different sources. Previous studies have examined
child maltreatment, poverty, family instability, socioeconomic
status, and trauma to operationalize stress and adversity. In
our unique sample, we touched upon a small fraction of the
breadth of stressors one may be exposed to during development.
We included reports of discrimination, exposure to criminal
activity, and neighborhood quality in our measure of cumulative
environmental stress. Sources of stress are wide ranging – from
health inequalities to experiences of racism and discrimination –
therefore, we urge these diverse experiences of stress to be
reflected in future research and to be considered for their
potential cumulative effects.

In line with our second hypothesis, we found the
aforementioned relationship was partially explained by
adolescent cognitive control. Specifically, our findings
demonstrated that cognitive control mediated the relation
between cumulative environmental stress exposure at age 14 and
anxiety at age 18: those with greater exposure to environmental
stressors tended to then have lower cognitive control (medium
effect; β = −0.20), but higher cognitive control, in turn, was
associated with lower levels of late adolescent anxiety (small
effect; β = −0.10). In fact, even after controlling for anxiety at
age 16, our tested model demonstrates that cognitive control
accounts for 18% of the total effect between environmental
stress exposure at age 14 and anxiety at age 18, which indicates
a medium proportion of explained variance (Lachowicz et al.,
2018). As the first study to examine the three constructs
in a prospective, longitudinal manner, our results converge
with evidence from developmental psychology, public health,
and neuroscience to chronicle the role of social systems in
shaping the development of our mental and emotional health.
More importantly, our findings uniquely identify cognitive
control as an underlying mechanism, a protective factor that
is both vulnerable to the influences of environmental stress yet
potentially buffers against these deleterious effects on anxiety
outcomes. Thus, efforts to mitigate mental health outcomes for
youth ought to consider the role and malleability of cognitive
control. Although results from cognitive control interventions
are mixed (see Au et al., 2015 for meta-analysis), a growing
number of interventions studies have shown some promise in
improving mental health outcomes (Owens et al., 2013; Koster
et al., 2017; Jopling et al., 2020). The prospect of optimizing this
function is critical in promoting resilience, particularly during
adolescence, a unique period of neurocognitive development and
enhanced vulnerability.

It is important to note that despite the fact that the above
relations were statistically significant, their β values ranged from

small to medium. Specifically, the relation between cumulative
environmental stress at age 14 and later anxiety at age 18 may
be meaningful but smaller than expected given the findings
from previous literature. It is important to note, however, that
previous findings were either cross-sectional in nature and/or
examined only two constructs, which may magnify the strength
of the relationships. A longitudinal study examining poverty,
chronic stress, and later cognitive control – as indexed by neural
activity – reported similar β values for poverty and cognitive
control ranging between 0.03 and 0.05, and for chronic stress and
cognitive control ranging between −0.13 and −0.14 (Kim et al.,
2013), which closely mirrors our findings for the direct effects
of path a and c′ (Figure 1). As such, modest values may reflect
the challenges in isolating causal mechanisms that are inherent to
longitudinal work, where the dynamic relationship of variables
gets diluted over time as other factors come into play. For
example, our findings demonstrate that concurrent measurement
of cognitive control and anxiety at age 16 leads to a stronger
relationship (r = −0.33, p < 0.001) than cognitive control at age
16 and anxiety at age 18 (r = −0.21, p < 0.001). Note, however,
that the indirect effect of cognitive control accounted for 18% of
the total relationship, despite the weakened association over the
2 years and controlling for anxiety at age 16.

The present results should be considered in light of a
few limitations. First, our measure of environmental stressors
aimed to encapsulate the cumulative effects of stress through
measures of environmental adversity. The range of measures
included – from perceived discrimination to neighborhood
quality – resulted in modest correlation between measures.
However, this modest correlation may reflect the methodological
issues of assessing environmental stress. Measurement has
taken on a variety of forms in attempt to capture the broad
range of physical to psychosocial sources (see Evans and
English, 2002 for review). One promising approach indexes
environmental stress exposure as a cumulative construct in
attempt to capture the confluence of multiple external demands
that may lead to suboptimal outcomes for youth. Literature
on chronic stress shows that the quantity of risk factors
encountered, as captured by a cumulative index, and not
the particular type that seems to better predict outcomes
(Kraemer et al., 2005; Sameroff, 2006; Evans and Cassells,
2014). With our cumulative score from three questionnaires, the
self-reported levels of chronic stress were low in our sample
(mean = 1.67, range = 0–4), which could reflect measurement
issues and/or the possibility that our sample was not exposed
to high levels of environmental stress. Future work would
benefit from including a greater breadth of measures for a
more robust index.

Second, our measure of cognitive control relied on self-report.
In a meta-analysis of 282 studies of self-control, correlations
within and across types of self-control measures were weak
(Duckworth and Kern, 2011). Future work including some
combination of behavioral, observational, and self-report may
improve measurement validity. Lastly, the direction of the
relationship between cognitive control and anxiety is arguable.
That is, there is literature indicating impaired cognitive control
causes anxiety (Abravanel and Sinha, 2015), anxiety causes
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impaired cognitive control (Edwards et al., 2016), or that
cognitive control moderates the relationship between stress and
adversity on poor mental health outcomes (Extremera and Rey,
2015). Although correlational in nature, our novel findings hint
at the first causal effect – that is, greater cognitive control is
associated with later decreased anxiety – but all three effects
have not been adequately examined together (as competing or
complementary processes) in a longitudinal context.

The current study set out to synthesize findings from stress,
cognition, and mental health literature and test previously
untested theories on the directionality of these relationships
during adolescence. As the first prospective longitudinal study in
this area, our results deepen our understanding of the mechanism
underlying early stress exposure and the development of anxiety
during a developmentally sensitive period. More importantly,
our findings underscore the importance of preserving cognitive
control as a means of combating mental health disorders and as a
possible protective factor in promoting resilience.

DATA AVAILABILITY STATEMENT

The datasets generated for this study will not be made
publicly available due to confidentiality reasons. Data is available
upon application through administrators of the California
Families Project.

ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by the Institutional Review Board of University of
California, Davis. Written informed consent to participate in this
study was provided by the participants’ legal guardian/next of kin.

AUTHOR CONTRIBUTIONS

NT, SJ, JE, and RR contributed to the theoretical development
of the study. OA supplied resources needed for study analysis.
NT performed the data analysis and interpretation under the
supervision of SJ, JE, and RR. NT drafted the manuscript. SJ, JE,
RR, and OA provided revisions. All authors approved the final
version of the manuscript for submission.

FUNDING

This study was supported by award no. MRP-17-454825 from
the University of California Consortium Adolescence Seed Grant.
The California Families Project was supported by a grant from the
National Institute on Drug Abuse (DA017902) to RR.

REFERENCES
Abravanel, B. T., and Sinha, R. (2015). Emotion dysregulation mediates

the relationship between lifetime cumulative adversity and depressive
symptomatology. J. Psychiatr. Res. 61, 89–96. doi: 10.1016/j.jpsychires.2014.
11.012

Affrunti, N. W., and Woodruff-Borden, J. (2015). The associations of executive
function and temperament in a model of risk for childhood anxiety. J. Child
Fam. Stud. 24, 715–724. doi: 10.1007/s10826-013-9881-4

Aneshensel, C. S., and Sucoff, C. A. (1996). The neighborhood context of adolescent
mental health. J. Health Soc. Behav. 37, 293–310.

Anthony, J. L., Lonigan, C. J., Hooe, E. S., and Phillips, B. M. (2002). An affect-
based, hierarchical model of temperament and its relations with internalizing
symptomatology. J. Clin. Child Adolesc. Psychol. 31, 480–490. doi: 10.1207/
s15374424jccp3104_7

Atherton, O. E., Lawson, K. M., and Robins, R. W. (2020). The development of
effortful control from late childhood to young adulthood. J. Pers. Soc. Psychol.
119, 417–456. doi: 10.1037/pspp0000283

Au, J., Sheehan, E., Tsai, N., Duncan, G. J., Buschkuehl, M., and Jaeggi, S. M. (2015).
Improving fluid intelligence with training on working memory: a meta-analysis.
Psychon. Bull. Rev. 22, 366–377. doi: 10.3758/s13423-014-0699-x

Baler, R. D., and Volkow, N. D. (2006). Drug addiction: the neurobiology of
disrupted self-control. Trends Mol. Med. 12, 559–566. doi: 10.1016/j.molmed.
2006.10.005

Berry, D., Blair, C., Willoughby, M., Granger, D. A., and Family Life Project
Key Investigator. (2012). Salivary alpha-amylase and cortisol in infancy and
toddlerhood: direct and indirect relations with executive functioning and
academic ability in childhood. Psychoneuroendocrinology 37, 1700–1711. doi:
10.1016/j.psyneuen.2012.03.002

Blair, C. (2010). Stress and the development of self-regulation in context. Child Dev.
Perspect. 4, 181–188. doi: 10.1111/j.1750-8606.2010.00145.x

Blair, C., Granger, D. A., Willoughby, M., Mills-Koonce, R., Cox, M., Greenberg,
M. T., et al. (2011). Salivary cortisol mediates effects of poverty and parenting
on executive functions in early childhood. Child Dev. 82, 1970–1984. doi:
10.1111/j.1467-8624.2011.01643.x

Bowen, G. L., and Chapman, M. V. (1996). Poverty, neighborhood danger,
social support, and the individual adaptation among at-risk youth in
urban areas. J. Fam. Issues 17, 641–666. doi: 10.1177/019251396017
005004

Casillas, A., and Clark, L. (2000). The mini mood and anxiety symptom
questionnaire (Mini-MASQ). Poster Presented at the 72nd Annual Meeting of
the Midwestern Psychological Association, Chicago, IL.

Cutrona, C. E., Russell, D. W., Hessling, R. M., Brown, P. A., and Murry, V. (2000).
Direct and moderating effects of community context on the psychological well-
being of African American women. J. Pers. Soc. Psychol. 79, 1088–1101. doi:
10.1037/0022-3514.79.6.1088

Duckworth, A. L., and Kern, M. L. (2011). A meta-analysis of the convergent
validity of self-control measures. J. Res. Pers. 45, 259–268. doi: 10.1016/j.jrp.
2011.02.004

Edwards, E. J., Edwards, M. S., and Lyvers, M. (2016). Interrelationships
between trait anxiety, situational stress and mental effort predict phonological
processing efficiency, but not effectiveness. Emotion 16, 634–646. doi: 10.1037/
emo0000138

Edwards, J. R., and Bagozzi, R. P. (2000). On the nature and direction of
relationships between constructs and measures. Psychol. Methods 5, 155–174.
doi: 10.1037/1082-989x.5.2.155

Eisenberg, N., Sadovsky, A., Spinrad, T. L., Fabes, R. A., Losoya, S. H., Valiente,
C., et al. (2005). The relations of problem behavior status to children’s
negative emotionality, effortful control, and impulsivity: concurrent relations
and prediction of change. Dev. Psychol. 41, 193–211. doi: 10.1037/0012-1649.
41.1.193

Ellis, L. K., and Rothbart, M. K. (2001). “Revision of the early adolescent
temperament questionnaire,” in Poster Presented at the 2001 Biennial Meeting
of the Society for Research in Child Development, Minneapolis, MN.

Evans, G. W., and Cassells, R. C. (2014). Childhood poverty, cumulative risk
exposure, and mental health in emerging adults. Clin. Psychol. Sci. 2, 287–296.
doi: 10.1177/2167702613501496

Evans, G. W., and English, K. (2002). The environment of poverty: multiple stressor
exposure, psychophysiological stress, and socioemotional adjustment. Child
Dev. 73, 1238–1248. doi: 10.1111/1467-8624.00469

Frontiers in Psychology | www.frontiersin.org 7 August 2020 | Volume 11 | Article 1838

https://doi.org/10.1016/j.jpsychires.2014.11.012
https://doi.org/10.1016/j.jpsychires.2014.11.012
https://doi.org/10.1007/s10826-013-9881-4
https://doi.org/10.1207/s15374424jccp3104_7
https://doi.org/10.1207/s15374424jccp3104_7
https://doi.org/10.1037/pspp0000283
https://doi.org/10.3758/s13423-014-0699-x
https://doi.org/10.1016/j.molmed.2006.10.005
https://doi.org/10.1016/j.molmed.2006.10.005
https://doi.org/10.1016/j.psyneuen.2012.03.002
https://doi.org/10.1016/j.psyneuen.2012.03.002
https://doi.org/10.1111/j.1750-8606.2010.00145.x
https://doi.org/10.1111/j.1467-8624.2011.01643.x
https://doi.org/10.1111/j.1467-8624.2011.01643.x
https://doi.org/10.1177/019251396017005004
https://doi.org/10.1177/019251396017005004
https://doi.org/10.1037/0022-3514.79.6.1088
https://doi.org/10.1037/0022-3514.79.6.1088
https://doi.org/10.1016/j.jrp.2011.02.004
https://doi.org/10.1016/j.jrp.2011.02.004
https://doi.org/10.1037/emo0000138
https://doi.org/10.1037/emo0000138
https://doi.org/10.1037/1082-989x.5.2.155
https://doi.org/10.1037/0012-1649.41.1.193
https://doi.org/10.1037/0012-1649.41.1.193
https://doi.org/10.1177/2167702613501496
https://doi.org/10.1111/1467-8624.00469
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org/
https://www.frontiersin.org/journals/psychology#articles


fpsyg-11-01838 August 9, 2020 Time: 12:2 # 8

Tsai et al. Cognitive Control Mediates Stress and Anxiety

Evans, G. W., and Fuller-Rowell, T. E. (2013). Childhood poverty, chronic
stress, and young adult working memory: the protective role of self-regulatory
capacity. Dev. Sci. 16, 688–696. doi: 10.1111/desc.12082

Evans, G. W., and Kantrowitz, E. (2002). Socioeconomic status and health: the
potential role of environmental risk exposure. Annu. Rev. Public Health 23,
303–331. doi: 10.1146/annurev.publhealth.23.112001.112349

Evans, G. W., and Kim, P. (2010). Multiple risk exposure as a potential explanatory
mechanism for the socioeconomic status–health gradient. Ann. N. Y. Acad. Sci.
1186, 174–189. doi: 10.1111/j.1749-6632.2009.05336.x

Evans, G. W., Li, D., and Whipple, S. S. (2013). Cumulative risk and child
development. Psychol. Bull. 139, 1342–1396. doi: 10.1037/a0031808

Evans, G. W., and Schamberg, M. A. (2009). Childhood poverty, chronic stress,
and adult working memory. Proc. Natl. Acad. Sci. U.S.A. 106, 6545–6549. doi:
10.1073/pnas.0811910106

Extremera, N., and Rey, L. (2015). The moderator role of emotion regulation ability
in the link between stress and well-being. Front. Psychol. 6:1632.

Eysenck, M. W., and Calvo, M. G. (1992). Anxiety and performance: the processing
efficiency theory. Cogn. Emot. 6, 409–434. doi: 10.1080/02699939208409696

Eysenck, M. W., and Derakshan, N. (2011). New perspectives in attentional control
theory. Pers. Individ. Differ. 50, 955–960. doi: 10.1016/j.paid.2010.08.019

Fujii, C., Renno, P., McLeod, B. D., Lin, C. E., Decker, K., Zielinski, K., et al.
(2013). Intensive cognitive behavioral therapy for anxiety disorders in school-
aged children with autism: a preliminary comparison with treatment-as-usual.
Sch. Ment. Health 5, 25–37. doi: 10.1007/s12310-012-9090-0

Gulley, L. D., Hankin, B. L., and Young, J. F. (2016). Risk for depression and
anxiety in youth: the interaction between negative affectivity, effortful control,
and stressors. J. Abnorm. Child Psychol. 44, 207–218. doi: 10.1007/s10802-015-
9997-7

Gunnar, M. R., Frenn, K., Wewerka, S. S., and Van Ryzin, M. J. (2009). Moderate
versus severe early life stress: associations with stress reactivity and regulation
in 10-12-year-old children. Psychoneuroendocrinology 34, 62–75. doi: 10.1016/
j.psyneuen.2008.08.013

Hallion, L. S., Tolin, D. F., Assaf, M., Goethe, J., and Diefenbach, G. J. (2017).
Cognitive control in generalized anxiety disorder: relation of inhibition
impairments to worry and anxiety severity. Cogn. Ther. Res. 41, 610–618. doi:
10.1007/s10608-017-9832-2

Han, G., Helm, J., Iucha, C., Zahn-Waxler, C., Hastings, P. D., and Klimes-Dougan,
B. (2016). Are executive functioning deficits concurrently and predictively
associated with depressive and anxiety symptoms in adolescents? J. Clin. Child
Adolesc. Psychol. 45, 44–58. doi: 10.1080/15374416.2015.1041592

Hayes, A. F. (2009). Beyond Baron and Kenny: statistical mediation analysis in the
new millennium. Comm. Monogr. 76, 408–420.

Herman, J. P., Ostrander, M. M., Mueller, N. K., and Figueiredo, H. (2005). Limbic
system mechanisms of stress regulation: hypothalamo-pituitary-adrenocortical
axis. Prog. Neuropsychopharmacol. Biol. Psychiatry 29, 1201–1213. doi: 10.1016/
j.pnpbp.2005.08.006

Hirsch, C. R., and Mathews, A. (2012). A cognitive model of pathological worry.
Behav. Res. Ther. 50, 636–646. doi: 10.1016/j.brat.2012.06.007

Hughes, D., and Dodge, M. A. (1997). African American women in the workplace:
relationships between job conditions, racial bias at work, and perceived job
quality. Am. J. Commun. Psychol. 25, 581–599. doi: 10.1023/a:1024630816168

Huh, H. J., Kim, K. H., Lee, H. K., and Chae, J. H. (2017). The relationship
between childhood trauma and the severity of adulthood depression and
anxiety symptoms in a clinical sample: the mediating role of cognitive emotion
regulation strategies. J. Affect. Disord. 213, 44–50. doi: 10.1016/j.jad.2017.
02.009

Johnston, K. E., and Delgado, M. Y. (2004). Mexican American adolescents’
experiences with ethnic discrimination. Poster Presented at the Biennial
Conference of the Society for Research on Adolescence, Baltimore, MD.

Joorman, J., Hertel, P. T., LeMoult, J., and Gotlib, I. H. (2009). Training forgetting
of negative material in depression. J. Abnorm. Psychol. 118, 34–43. doi: 10.1037/
a0013794

Joormann, J. (2006). Differential effects of rumination and dysphoria on
the inhibition of irrelevant emotional material: evidence from a negative
priming task. Cogn. Ther. Res. 30, 149–160. doi: 10.1007/s10608-006-
9035-8

Jopling, E., Gotlib, I. H., and LeMoult, J. (2020). Effects of working memory
training on cognitive, affective, and biological responses to stress in major

depression: a novel cognitive bias modification protocol. J. Affect. Disord. 265,
45–51. doi: 10.1016/j.jad.2020.01.007

Kim, P., Evans, G. W., Angstadt, M., Ho, S. S., Sripada, C. S., Swain, J. E., et al.
(2013). Effects of childhood poverty and chronic stress on emotion regulatory
brain function in adulthood. Proc. Natl. Acad. Sci. U.S.A. 110, 18442–18447.
doi: 10.1073/pnas.1308240110

Kim, P., Evans, G. W., Chen, E., Miller, G., and Seeman, T. (eds) (2018). “How
socioeconomic disadvantages get under the skin and into the brain to influence
health development across the lifespan,” in Handbook of Life Course Health
Development (Cham: Springer), 463–497. doi: 10.1007/978-3-319-47143-3_19

Klonoff, E. A., and Landrine, H. (1995). The Schedule of Sexist Events: a measure
of lifetime and recent sexist discrimination in women’s lives. Psychol. Women
Q. 19, 439–470.

Koster, E. H., Hoorelbeke, K., Onraedt, T., Owens, M., and Derakshan, N. (2017).
Cognitive control interventions for depression: a systematic review of findings
from training studies. Clin. Psychol. Rev. 53, 79–92. doi: 10.1016/j.cpr.2017.
02.002

Kraemer, H. C., Lowe, K. K., and Kupfer, D. J. (2005). To Your Health: How
to Understand What Research Tells us About Risk. Oxford: Oxford University
Press.

Lachowicz, M. J., Preacher, K. J., and Kelley, K. (2018). A novel measure of
effect size for mediation analysis. Psychol. Methods 23, 244–261. doi: 10.1037/
met0000165

Lupien, S. J., McEwen, B. S., Gunnar, M. R., and Heim, C. (2009). Effects of
stress throughout the lifespan on the brain, behaviour and cognition. Nat. Rev.
Neurosci. 10, 434–445. doi: 10.1038/nrn2639

Martel, M. M., Nigg, J. T., Wong, M. M., Fitzgerald, H. E., Jester, J. M., Puttler, L. I.,
et al. (2007). Childhood and adolescent resiliency, regulation, and executive
functioning in relation to adolescent problems and competence in a high-risk
sample. Dev. Psychopathol. 19, 541–563.

Martin, M., Conger, R. D., and Robins, R. W. (2019). Family stress processes
and drug and alcohol use by Mexican-American adolescents. Dev. Psychol. 55,
170–183. doi: 10.1037/dev0000629

Merikangas, K. R., He, J. P., Burstein, M., Swanson, S. A., Avenevoli, S., Cui, L., et al.
(2010). Lifetime prevalence of mental disorders in US adolescents: results from
the National Comorbidity Survey Replication–Adolescent Supplement (NCS-
A). J. Am. Acad. Child Adolesc. Psychiatry 49, 980–989. doi: 10.1016/j.jaac.2010.
05.017

Micco, J. A., Henin, A., Mick, E., Kim, S., Hopkins, C. A., Biederman, J., et al.
(2009). Anxiety and depressive disorders in offspring at high risk for anxiety:
a meta-analysis. J. Anxiety Disord. 23, 1158–1164. doi: 10.1016/j.janxdis.2009.
07.021

Muris, P., and Ollendick, T. H. (2005). The role of temperament in the etiology
of child psychopathology. Clin. Child Fam. Psychol. Rev. 8, 271–289. doi:
10.1007/s10567-005-8809-y

Nigg, J. T. (2006). Temperament and developmental psychopathology. J. Child
Psychol. Psychiatry 47, 395–422. doi: 10.1111/j.1469-7610.2006.01612.x

Nusslock, R., and Miller, G. E. (2016). Early-life adversity and physical and
emotional health across the lifespan: a neuroimmune network hypothesis. Biol.
Psychiatry 80, 23–32. doi: 10.1016/j.biopsych.2015.05.017

Owens, M., Koster, E. H., and Derakshan, N. (2013). Improving attention control
in dysphoria through cognitive training: transfer effects on working memory
capacity and filtering efficiency. Psychophysiology 50, 297–307. doi: 10.1111/
psyp.12010

Pérez-Edgar, K., and Fox, N. A. (2005). Temperament and anxiety disorders. Child
Adolesc. Psychiatr Clinics 14, 681–706.

Pine, D. S. (2007). Research review: a neuroscience framework for pediatric anxiety
disorders. J. Child Psychol. Psychiatry 48, 631–648.

Rapee, R. M., Schniering, C. A., and Hudson, J. L. (2009). Anxiety disorders during
childhood and adolescence: origins and treatment. Annu. Rev. Clin. Psychol. 5,
311–341. doi: 10.1146/annurev.clinpsy.032408.153628

Romeo, R. D. (2017). The impact of stress on the structure of the adolescent
brain: implications for adolescent mental health. Brain Res. 1654, 185–191.
doi: 10.1016/j.brainres.2016.03.021

Roosa, M. W., Deng, S., Ryu, E., Lockhart Burrell, G., Tein, J. Y., Jones, S., et al.
(2005). Family and child characteristics linking neighborhood context and child
externalizing behavior. J. Marriage Fam. 67, 515–529. doi: 10.1111/j.0022-2445.
2005.00132.x

Frontiers in Psychology | www.frontiersin.org 8 August 2020 | Volume 11 | Article 1838

https://doi.org/10.1111/desc.12082
https://doi.org/10.1146/annurev.publhealth.23.112001.112349
https://doi.org/10.1111/j.1749-6632.2009.05336.x
https://doi.org/10.1037/a0031808
https://doi.org/10.1073/pnas.0811910106
https://doi.org/10.1073/pnas.0811910106
https://doi.org/10.1080/02699939208409696
https://doi.org/10.1016/j.paid.2010.08.019
https://doi.org/10.1007/s12310-012-9090-0
https://doi.org/10.1007/s10802-015-9997-7
https://doi.org/10.1007/s10802-015-9997-7
https://doi.org/10.1016/j.psyneuen.2008.08.013
https://doi.org/10.1016/j.psyneuen.2008.08.013
https://doi.org/10.1007/s10608-017-9832-2
https://doi.org/10.1007/s10608-017-9832-2
https://doi.org/10.1080/15374416.2015.1041592
https://doi.org/10.1016/j.pnpbp.2005.08.006
https://doi.org/10.1016/j.pnpbp.2005.08.006
https://doi.org/10.1016/j.brat.2012.06.007
https://doi.org/10.1023/a:1024630816168
https://doi.org/10.1016/j.jad.2017.02.009
https://doi.org/10.1016/j.jad.2017.02.009
https://doi.org/10.1037/a0013794
https://doi.org/10.1037/a0013794
https://doi.org/10.1007/s10608-006-9035-8
https://doi.org/10.1007/s10608-006-9035-8
https://doi.org/10.1016/j.jad.2020.01.007
https://doi.org/10.1073/pnas.1308240110
https://doi.org/10.1007/978-3-319-47143-3_19
https://doi.org/10.1016/j.cpr.2017.02.002
https://doi.org/10.1016/j.cpr.2017.02.002
https://doi.org/10.1037/met0000165
https://doi.org/10.1037/met0000165
https://doi.org/10.1038/nrn2639
https://doi.org/10.1037/dev0000629
https://doi.org/10.1016/j.jaac.2010.05.017
https://doi.org/10.1016/j.jaac.2010.05.017
https://doi.org/10.1016/j.janxdis.2009.07.021
https://doi.org/10.1016/j.janxdis.2009.07.021
https://doi.org/10.1007/s10567-005-8809-y
https://doi.org/10.1007/s10567-005-8809-y
https://doi.org/10.1111/j.1469-7610.2006.01612.x
https://doi.org/10.1016/j.biopsych.2015.05.017
https://doi.org/10.1111/psyp.12010
https://doi.org/10.1111/psyp.12010
https://doi.org/10.1146/annurev.clinpsy.032408.153628
https://doi.org/10.1016/j.brainres.2016.03.021
https://doi.org/10.1111/j.0022-2445.2005.00132.x
https://doi.org/10.1111/j.0022-2445.2005.00132.x
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org/
https://www.frontiersin.org/journals/psychology#articles


fpsyg-11-01838 August 9, 2020 Time: 12:2 # 9

Tsai et al. Cognitive Control Mediates Stress and Anxiety

Ross, C. E., and Jang, S. J. (2000). Neighborhood disorder, fear, and mistrust:
the buffering role of social ties with neighbors. Am. J. Commun. Psychol. 28,
401–420. doi: 10.1023/a:1005137713332

Sameroff, A. (2006). “Identifying risk and protective factors for healthy child
development,” in Families Count: Effects on Child and Adolescent Development,
eds A. Clark-Stewart, and J. Dunn (Cambridge: Cambridge University Press),
53–76. doi: 10.1017/cbo9780511616259.004

Sampson, R. J., Raudenbush, S. W., and Earls, F. (1997). Neighborhoods and
violent crime: a multilevel study of collective efficacy. Science 277, 918–924.
doi: 10.1126/science.277.5328.918

Shonkoff, J. P., and Phillips, D. A. (eds) (2000). From Neurons to Neighborhoods:
The Science of Early Development. Washington, DC: National Academy Press.

StataCorp, L. P. (2013). Stata Multilevel Mixed-Effects Reference Manual. College
Station, TX: StataCorp LP.

Toren, P., Wolmer, L., Rosental, B., Eldar, S., Koren, S., Lask, M., et al. (2000). Case
series: brief parent-child group therapy for childhood anxiety disorders using
a manual-based cognitive-behavioral technique. J. Am. Acad. Child Adolesc.
Psychiatry 39, 1309–1312. doi: 10.1097/00004583-200010000-00019

Ursache, A., Blair, C., Stifter, C., and Voegtline, K. (2013). Emotional reactivity
and regulation in infancy interact to predict executive functioning

in early childhood. Dev. Psychol. 49, 127–137. doi: 10.1037/a002
7728

Zainal, N. H., and Newman, M. G. (2018). Executive function and other cognitive
deficits are distal risk factors of generalized anxiety disorder 9 years later.
Psychol. Med. 48, 2045–2053. doi: 10.1017/s0033291717003579

Zhou, Q., Chen, S. H., and Main, A. (2012). Commonalities and differences in
the research on children’s effortful control and executive function: a call for
an integrated model of self-regulation. Child Dev. Perspect. 6, 112–121. doi:
10.1111/j.1750-8606.2011.00176.x

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Copyright © 2020 Tsai, Jaeggi, Eccles, Atherton and Robins. This is an open-access
article distributed under the terms of the Creative Commons Attribution License
(CC BY). The use, distribution or reproduction in other forums is permitted, provided
the original author(s) and the copyright owner(s) are credited and that the original
publication in this journal is cited, in accordance with accepted academic practice. No
use, distribution or reproduction is permitted which does not comply with these terms.

Frontiers in Psychology | www.frontiersin.org 9 August 2020 | Volume 11 | Article 1838

https://doi.org/10.1023/a:1005137713332
https://doi.org/10.1017/cbo9780511616259.004
https://doi.org/10.1126/science.277.5328.918
https://doi.org/10.1097/00004583-200010000-00019
https://doi.org/10.1037/a0027728
https://doi.org/10.1037/a0027728
https://doi.org/10.1017/s0033291717003579
https://doi.org/10.1111/j.1750-8606.2011.00176.x
https://doi.org/10.1111/j.1750-8606.2011.00176.x
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org/
https://www.frontiersin.org/journals/psychology#articles

	Predicting Late Adolescent Anxiety From Early Adolescent Environmental Stress Exposure: Cognitive Control as Mediator
	Introduction
	Materials and Methods
	Participants
	Measures
	Environmental Stressors
	Neighborhood Criminal Events Scale
	Neighborhood Quality Dissatisfaction
	Perceived Ethnic Discrimination
	Cognitive Control
	Anxiety

	Analytical Approach

	Results
	Discussion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	References




