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ARTICLE INFO ABSTRACT

Keywords: Objective: Stress is associated with weight changes, yet how level and sources of stress relate to this association is
Stress poorly understood. This mixed methods study examined associations between adolescent stress at the COVID-19

Obesity pandemic onset and standardized BMI (BMIz) over a three-month period. Methods: Participants (N = 197, mean

ic\g(z/l:];clegt health age 13.66 + 1.43 years, 85% Hispanic, 56% female) were recruited from a charter school in Texas to participate
Pandemic in a healthy lifestyle intervention during physical education class. We calculated BMIz using height and weight
SARS-CoV-2 measurements taken December 2019 and the week of COVID-19 school closures in March 2020. We measured

stress in March 2020 with the 4-item Perceived Stress Scale. We ran a multiple linear regression model con-
trolling for baseline BMIz (December 2019), age, sex, intervention condition, and assessed the interaction be-
tween baseline BMIz and PSS-4 score on BMIz change.

Results: Overall, our sample had an average PSS-4 score of seven and mean BMIz decrease of 0.04 over the three-
month period. We observed a significant interaction between PSS-4 score and baseline BMIz. At lower baseline
BMIz scores, higher PSS-4 scores were associated with decreases in BMIz over time. There was no significant
association at higher baseline BMIz scores. COVID-19 pandemic-related concerns and school performance were
the two primary stressors reported.

Conclusions: The relation between stress and weight changes differed based on starting weight status. Future
interventions should consider the influence of external stressors on intervention adherence and outcomes.

1. Introduction

Stress is a common phenomenon associated with increased risk of
obesity (Cohen et al., 1995). Frequent or prolonged activation of the
body’s stress-response system promotes adiposity directly and through
behavioral mechanisms (Hewagalamulage et al., 2016). However, in-
dividual responses to stress can vary such that changes in health be-
haviors can favor weight gain or weight loss (Tajik et al., 2014;
Pervanidou and Chrousos, 2011; Stults-Kolehmainen and Sinha, 2014;
Torres and Nowson, 2007). For example, stress is associated with
increased portion sizes and intake of calorie dense foods (Hewagala-
mulage et al., 2016; Torres and Nowson, 2007), and with reduced
caloric intake and loss of appetite (Torres and Nowson, 2007; Emond

et al., 2016). These changes in caloric intake may vary by whether the
source of stress is acute or chronic (Torres and Nowson, 2007). Addi-
tionally, some individuals manage stress with physical activity, while for
others stress can be a barrier to physical activity or a form of stress in
itself (Stults-Kolehmainen and Sinha, 2014). Individual differences in
health behaviors in response to varying forms of stress make it difficult
to identify what circumstances and sources of stress have the greatest
impact on the behavioral mechanisms linking stress and obesity risk.
Adolescence involves physical maturation, identity formation,
increased independence, and shifting social dynamics, making it an
important developmental stage to understand the relation between
obesity risk and stress (Chulani and Gordon, 2014). Adolescents struggle
to engage in positive behaviors for healthy growth and development. In
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the U.S., only 20% adolescents meet physical activity guidelines (Piercy
et al., 2018) and 2-7% of adolescents meet recommendations for fruit
and vegetable intake (Lange et al., 2021). These health behaviors can
affect growth, an important consideration for adolescents facing sys-
temic health inequities (Ogden et al., 2018). Adolescent stressors can be
acute (e.g., exams) or chronic (e.g., economic insecurity and family
conflict) (Ford et al., 2021; Suldo et al., 2009), and adolescents with low
socioeconomic status (SES) experience greater chronic and psychosocial
stress than their higher SES peers (Gundersen et al., 2011). Stress in
adolescence affects dietary patterns through increased snacking,
increased intake of highly palatable foods, and decreased intake of fruits
and vegetables (Jaaskelainen et al., 2014; Cartwright et al., 2003).
Persistent exposure to stress during adolescence is associated with
development of chronic conditions such as cardiovascular disease, type
2 diabetes, poor mental health outcomes, and obesity (Pervanidou and
Chrousos, 2011).

Laboratory-induced stress protocols are one method to examine how
changes in eating behaviors and physiological stress response (e.g.,
cortisol levels) relate to weight status following stress simulations.
Findings indicate eating behaviors favoring weight gain (e.g., eating in
the absence of hunger) and cortisol response may be greater among
participants with higher weights relative to participants with lower
weights following simulated academic and social stressors (Miller et al.,
2019; Slochower et al., 1981; Verdejo-Garcia et al., 2015; Kidwell et al.,
2022). However, stress simulations are unlikely to reproduce the com-
bination of acute and chronic stressors characteristic of real-life situa-
tions, and there is limited research examining how this combination of
stressors relate to weight status among adolescent populations (Kidwell
et al., 2022). Additionally, laboratory stress simulations are unlikely to
capture weight changes, which often require weeks to observe. Outside
of laboratory-induced protocols, cross-sectional research among ado-
lescents suggests higher levels of perceived stress are positively associ-
ated with BMI (Roy et al., 2021; Hernandez and Pressler, 2015) and with
reduced physical activity enjoyment among adolescents with higher
weights (Ajibewa et al.,, 2021). Longitudinal analyses following
adolescent stress levels into adulthood indicate persistently high
perceived stress levels are associated with higher body mass index (BMI)
and waist circumference relative to lower stress levels (van Jaarsveld
et al., 2009). These studies did not assess sources of adolescent stress
(Ajibewa et al., 2021; van Jaarsveld et al., 2009), examined specific
sources of stress (Hernandez and Pressler, 2015), or participants selected
from pre-determined sources of stress (Roy et al., 2021). Allowing ad-
olescents to identify the relevant stressors in their lives can overcome
this limitation (Emond et al., 2016).

The World Health Organization declared a global pandemic on
March 11, 2020 following rising international concern regarding the
spread of SARS-CoV-2 virus starting January 2020 (Organization, 2020).
The rapid onset of the COVID-19 pandemic interrupted our school-based
healthy lifestyles intervention and created a natural opportunity to
examine the relation between adolescent stress and weight change over
time outside of a laboratory stress simulation. We assessed levels and
sources of student stress as schools prepared to close in response to the
COVID-19 pandemic among our adolescent participants, who were
predominantly low SES and identified as Hispanic and non-Hispanic
Black. Using a mixed-methods approach, this secondary data analysis
addressed the following questions: How much stress were adolescents
experiencing during this period in 2020?; how did stress relate to
changes in standardized BMI (BMIz)?; and, what were adolescents
stressed about during this time period? We hypothesized that increases
in stress would be associated with increases in BMIz for adolescents with
higher weights and factors related to abrupt school closures might
emerge as sources of stress. This analysis adds to the literature exam-
ining how stress relates to weight management in real-world settings
among a historically underserved adolescent population.
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2. Methods
2.1. Sample

Adolescents attending a public charter school in Houston, Texas were
recruited during the 2018-2019 (cohort one) and 2019-2020 (cohort
two) academic years to participate in a healthy lifestyles intervention
during their physical education class (Arlinghaus et al., 2021). The
charter school district meets eligibility requirements for the Community
Eligibility Provision (e.g., at least 40% of students are directly certified
for free school meals as recipients of programs such as the Supplemental
Nutrition Assistance Program or through categorical eligibility, such as
Migrant children) such that all students receive free school meals. The
present study is a secondary data analysis of participants in cohort two
of the healthy lifestyles intervention, as only this cohort completed
measures to examine the relation between stress and weight change. The
University of Houston Institutional Review Board approved the original
trial.

Full details of the intervention are described elsewhere (Arlinghaus
et al., 2021). Briefly, during the first phase of the intervention (Fall
2019), all participants received the same healthy lifestyles intervention
integrated into their physical education class. After completing the first
phase of the healthy lifestyle intervention in Fall 2019, all participants
were randomized to a maintenance condition or an escalated interven-
tion condition that comprised the second phase of the intervention
(Spring 2020). Participants in the maintenance condition designed their
own physical education plans. The escalated intervention condition
received increased self-monitoring instruction, additional behavioral
modification techniques, and support from a registered dietitian.

In March 2020, abrupt COVID-19 pandemic-related school closures
interrupted the second phase of the intervention. In response, we
measured participants’ stress to determine whether participants expe-
rienced the COVID-19 pandemic differently by intervention condition.
As expected, there were no significant differences in stress level by
intervention condition. We collapsed the two intervention conditions for
the present analysis of the association between stress and BMIz change.
Fig. 1 outlines the flow of participants included in this analysis. Of the
231 adolescents who participated in the second phase, we excluded
participants with incomplete anthropometric data (n = 6), incomplete
stress data (n = 24), and participants classified as underweight due to

N=231
Participated in 2019-2020
academicyear cohort

Excluded from analysis for
incomplete anthropometric
data (n=6)

Excluded from analysis for
incomplete stress data (n=24)

Excluded from analysis for
underweight classification
(n=4)
|

| ]
n=104
Overweight/obesity
classification

n=93
Healthy weight classification

Fig. 1. Flow of adolescent sample from a charter school in Houston, Texas for
secondary data analysis.
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insufficient sample size for analysis (n = 4). The final analytical sample
included 197 adolescents. Table 1 provides additional characteristics.

2.2. Measures

2.2.1 Anthropometrics. Trained research staff measured participant
height to the nearest 0.1 cm and weight to the nearest 0.1 kg in
December 2019 and the week schools closed in March 2020. At each
measurement, participants wore minimal clothing and no shoes. We
used these measurements to calculate BMI (weight in kilograms/height in
meters?), an indicator of adiposity (Kuczmarski et al., 2000). As youth
are still growing, it is important to contextualize their BMI relative to
their peers by translating age and sex specific BMI values into a
percentile and z-score relative to a specified distribution of age and sex
specific BMI (Flegal and Ogden, 2011). We calculated BMI percentiles
and BMIz scores based on age and sex specific growth charts from the
Centers for Disease Control and Prevention, which classify youth with
BMI percentile > 85Mile as having overweight and youth with BMI
percentile > 95Mile as having obesity (Kuczmarski et al., 2000). We
determined change in BMIz by taking the difference between each
participant’s BMIz score post-program and pre-program. A negative
result indicates a decrease in BMIz.

2.2.2 Stress Level & Sources of Stress. We quantitatively assessed stress
with the 4-item Perceived Stress Scale the week schools closed (March
2020). The 4-item Perceived Stress Scale (PSS-4) demonstrates good
internal reliability and is useful when longer assessments may not be
suitable (Cohen, 1988; Mitchell et al., 2008). The PSS-4 is scored on a 5-
point Likert scale with response options ranging from “Never” to “Very
Often” (Cohen et al., 1983). Items ask about stress in the last month. Two
items are reverse coded, for example, “In the last month, how often have
you felt confident about your ability to handle your personal problems?”
The maximum score is 16; higher scores indicate higher stress levels.

Table 1

Descriptive characteristics of an adolescent sample (N = 197) from
Houston, Texas in December 2019 prior to receiving the second
phase of the healthy lifestyles intervention, Count [Percent] or Mean

(SD).
Characteristic Overall (N = 197)
Age 13.66 (+£1.43)
Female 110 [56%]
Male 87 [44%]
Hispanic 168 [85%]
Non-Hispanic Black 28 [14%]
Asian 1 [1%]
Born in the U.S. 173 [91%]
6th grade 50 [25%]
7th grade 50 [25%]
8th grade 74 [38%]
10th grade 17 [9%]
11th grade 4 [2%]
12th grade 2 [1%]
Weight Classification*
Healthy Weight 93 [47%]
Overweight 48 [24%]
Obesity 56 [28%]
BMI %ile 76.55 (+24.33)
BMIz 0.99 (+£0.94)
BMIz change” —0.04 (+£0.17)
PSS-4 score 7 (3.10)

BMI = body mass index; BMIz = standardized body mass index; PSS-
4 = 4-item Perceived Stress Scale.
*Weight classifications follow guidelines from the Centers for Dis-
ease Control and Prevention. Healthy Weight = 5th to < 85th%ile,
Overweight = 85th to < 95th%ile, and Obesity = > 95th%ile. 27,

@ BMIz change reflects the difference in participant BMIz score
between December 2019 (pre-program) and March 2020 (post-
program).
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While there is no consistent threshold for characterizing high stress
using the PSS-4, previous studies consider scores > 6 as indicative of
higher levels of stress (Kotwal et al., 2012; McClellan et al., 2010; Malik
etal., 2020; Arnold et al., 2012). Following the PSS-4, students provided
written answers to the free-response question, “Explain what concerns,
worries, or stresses you have right now” to determine student-reported
sources of stress.

2.3. Data analysis

Data analyses were performed in Stata 17 Software (StataCorp,
2021). To address our first research question regarding levels of student
stress, we found the distribution of PSS scores and computed descriptive
statistics to describe the sample. To address our second research ques-
tion regarding how stress levels related to BMIz change over the three-
month period, we ran a multiple linear regression model controlling
for BMIz collected in December 2019 (baseline), age, sex, and inter-
vention condition. We included an interaction term to determine if
baseline BMIz moderated the effect of PSS-4 score on BMIz change,
based on prior literature indicating weight-related responses to stress
could differ by weight status (Torres and Nowson, 2007; Miller et al.,
2019; Kanellopoulou et al., 2022; Pelletier et al., 2016; Block et al.,
2009). We computed the interaction term with baseline BMIz and PSS-4
scores centered at their respective sample means. We used the Stata
margins command to facilitate interpretation of this interaction of in-
terest and graph how the effect of stress on BMIz change differed by
representative baseline BMIz values.

To address our third research question of identifying sources of
student stress, qualitative data were analyzed using inductive content
analysis (Elo and Kyngas, 2008). In an open coding process, the lead
qualitative researcher read each student response to gain a full under-
standing of reported sources of stress. Then, the lead qualitative
researcher identified initial sub-codes and key phrases within the con-
tent to develop overarching categories. Categories and sub-codes were
determined based on words used by the participants and documented in
an Excel coding sheet. The lead qualitative researcher made initial de-
cisions regarding categories and codes, then the research team provided
critical review and audit trails of coding decisions in multiple iterative
rounds until achieving 100% agreement on coding and categories
(Krefting, 1991). Qualitative responses were used to complement and
provide context to the quantitative analysis (Johnson and Onwuegbuzie,
2004).

3. Results

3.1. How much stress were students experiencing during the onset of the
COVID-19 pandemic?

Table 1 shows descriptive characteristics of the adolescent popula-
tion at baseline. On average, participants were 13.66 (SD = 1.43) years
old, predominately identified as Hispanic (85%), and female (56%).
Overall, the average PSS-4 score among our sample was seven (SD =
3.10). The distribution of PSS-4 scores was five in the 25th percentile,
seven in the 50th percentile, and nine in the 75th percentile. Among our
sample, 67% of students scored six or higher.

3.2. How did stress levels relate to changes in BMIz?

Our adolescent sample demonstrated an overall mean decrease in
BMIz of 0.04 over the three-month period (Table 1). Table 2 reports the
results of the regression model. The interaction between PSS-4 score and
baseline BMIz was statistically significant R?= 0.07, F(6, 190) = 2.48,
p = 0.009, t(2.13), p =.035, 95% CI [0.001, 0.017]), indicating that
baseline BMIz moderated the effect of stress on BMIz change. Higher
PSS-4 scores were associated with decreased BMIz overtime only at
lower baseline BMIz levels. Fig. 2 illustrates this moderation effect by
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Table 2
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Results from the linear regression model examining the effect of PSS-4 score on BMIz change from December 2019 to March 2020 among a sample of middle and high

school students from a public charter school in Houston, Texas (N = 197).

Effect Estimate Standard Error Standardized Estimate 95% CI p
PSS-4 score (March 2020) —0.008 0.004 —0.142 (-0.015, —0.00) 0.047
Baseline BMIz (December 2019) —0.009 0.013 —0.049 (-0.034, 0.016) 0.494
PSS-4*Baseline BMIz" 0.009 0.004 0.149 (0.001, 0.017) 0.035
Age (December 2019) 0.016 0.008 0.139 (-0.00, 0.033) 0.052
Sex (Male = 0, Female = 1) 0.044 0.024 0.131 (-0.003, 0.092) 0.069
Study Arm (Maintenance condition = 0, Escalated condition = 1) 0.013 0.024 0.039 (-0.034, 0.059) 0.585
BMIz = standardized body mass index; PSS-4 = 4-item Perceived Stress Scale.
# Variables are centered at their respective sample means.
Table 3

-.05

-1

Change in BMIz

T T T T T T T T T
0 2 4 6 8 10 12 14 16
PSS-4 Score

—®—— Baseline BMIz 1 SD below the mean
——— Baseline BMIz 1 SD above the mean

——®&—— Mean Baseline BMIz

Fig. 2. Moderation by baseline BMIz of the association between self-reported
stress and BMIz change over a three month period among a sample of middle
and high school students (N = 197) from Houston, Texas.

Fig. 2 descriptively shows the interaction between baseline standardized body
mass index (BMIz) and perceived stress (PSS-4 score) using simple slopes and
baseline BMIz scores at the sample mean, 1 SD below the mean, and 1 SD above
the mean. There was a significant negative association between stress and BMIz
change among an exemplar BMIz score 1 SD below the mean (bsjppie = -0.016, p
=.005, 95% CI: —0.027, —0.005) and at our sample mean (bsjnpe = -0.008, p
=.047, 95% CI: —0.015, —0.000), which was not observed at 1 SD above the
mean (bgimpe = 0.001, p =.902, 95% CI: —0.010, —0.011).

plotting PSS-4 scores against BMIz change overtime at exemplar base-
line BMIz levels (i.e., at the sample mean, one standard deviation above
the mean, and one standard deviation below the mean). Higher
perceived stress predicted decreases in BMIz at baseline BMIz levels one
standard deviation below and at the sample mean. The association lost
statistical significance as baseline BMIz increased.

3.3. What were sources of adolescent stress during this period?

Table 3 shows the summary abstraction process for determining the
eight categories and 293 sub-codes identified as sources of stress.
COVID-19 pandemic-related concerns (n = 112) and school performance
concerns (n = 66) were the two most prevalent sources of stress in our
sample. Less frequently reported sources of stress included nothing (n =
38), future unknown (n = 24), family relationships (n = 18), social re-
lationships (n = 14), and health-related concerns (n = 13). A miscella-
neous category captured stressors inconsistent with other categories (n
= 8). Table 4 shows example quotations reflecting these categories.
Given the free response nature of data collection, one response could
contain information coded into multiple categories.

3.3.1. COVID-19 pandemic-related concerns
COVID-19 pandemic-related concerns comprised 38% of the 293

Abstraction Coding Schema for “Explain what concerns, worries, or stresses you
have right now” among a sample of middle and high school students at a public
charter school in Houston, Texas (N = 197).

Main Category Subcode

SARS-CoV-2 Spreading/getting worse
Significant others dying (family/friends dying)
Me dying/sick

Lockdown in house

People dying

No cure

General

No supplies, food, water, or resources
School shutdown

Not passing

Grades

STAAR - not passing
Passing to the next grade
Doing bad in gym
Geometry

Nothing

Future-general, so close
Dying too early

In the future

Death-what happens afterwards/afterlife
Following path to success in life
Not doing things I planned
Global warming

Family problems
Disappointing family
Talking to dad

Aunt’s finances

General

Friendships

Friendships broken

Losing friends

Girl relationship

Talking to new people
Being alone

Perceived weakness

Weight

Physical health, appearance
Other sickness

General

Non-open-ended

External stressors

School performance

Nothing
Future Unknown

Family relationships

Social relationships

Overall Health

Miscellaneous

Personal

sub-codes identified. It was common for students to express multiple
overlapping concerns about the COVID-19 pandemic. The most
frequently reported concern about the COVID-19 pandemic was the
rapid spread of the virus, followed by worry about family, friends, or
themselves getting sick or dying from the virus.

3.3.2. School performance

The second most prevalent reported stressor for students was school
performance (23% of codes). Specifically, students were concerned they
could not improve their current grades. Students discussed concerns
about upcoming standardized testing (State of Texas Assessments of
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Table 4
Example quotation responses to “Explain what concerns, worries, or stresses you
have right now” from a sample of middle and high school students from Hous-

ton, Texas (N = 197) with overarching codes and subcodes.

Overarching Code and Subcode

Example Quotation

COVID-19 Pandemic-Related
Concerns

COVID-19 could spread and get
worse.

Significant others, including
family and friends, could die.

I could get sick or die.

School Performance
Worry about grades.

Worry about passing STAAR
exams.

Concern about not passing on to
the next grade level.

The Future Unknown
The future is so close.

Concern about dying too early.

Concern of what could happen in
the future.

Family Relationships
Worry of disappointing family.

Social Relationships
Worry about friendships.

“One thing that has been making me nervous and
scared is the coronavirus because what if this virus
spreads even more throughout the world? What
would happen to us?” —13 years, female, high
stress, overweight/obesity

“I'm worried about the coronavirus because there
are more and more cases every day. I'm worried
that someone in my family could be infected and
possibly die. I don’t want my friends or family to get
infected because they are all important to me.” 15
years, female, low stress, overweight/obesity

“Coronavirus because supposedly it kills old people
and my mom is almost in her 50 s.” — 14 years,
male, low stress, overweight/obesity

“I'm mostly scared about the virus infecting me or
my loved ones because it could be deadly to their
health or mine.” — 13 years, male, high stress,
overweight/obesity

“Something that makes me nervous is the
coronavirus because I am scared [about] what [if]
it may get to me and I don’t want to be infected with
the coronavirus. Apart from what we are doing to
not get the coronavirus what else can we do?” — 14
years, female, low stress, healthy weight

“Something I'm scared and nervous about are my
grades, I'm worried that I won't get good grades
and I'll let myself down.” — 13 years, female, high
stress, healthy weight

“I'm worried my STAAR exams coming up because
ifIdon’tpass all 4 of them I'm going to stay in the 8
grade. I've been stressing about it trying to make
sure I remember everything.” — 14 years, female,
high stress, healthy weight

“I'm scared of not passing my classes or the next
grade because my mom gets mad when I bring 79
and lower.” — 11 years, female, low stress,
overweight/obesity

“I am worried about my senior year. The reason for
that is because it is so close and I have very little
time left here and I am just worried for the future.”
— 18 years, male, high stress, healthy weight

“What worries me in life is dying too early and not
being able to see my mom and maybe even my
grandchildren.” — 15 years, male, high stress,
overweight/obesity

“I'm usually worried about the uncertainty of life.
That makes me very uncomfortable. Making very
anxious about growing up.” — 11 years, male, high
stress, overweight/obesity

“As the year ends and I prepare to go to college I am
scared that I'm going to waste my mom’s hard-
earned money when I go to college and that I will
fail and never be able to repay her.” — 17 years,
male, low stress, healthy weight

“I'm usually worried that my friends will get bored
of me and leave me. And that I'm irrelevant to
everyone.” — 13 years, female, high stress, healthy

Preventive Medicine Reports 36 (2023) 102447

Table 4 (continued)

Overarching Code and Subcode Example Quotation

weight

Overall Health

Worry about managing weight. “Something that worries me is my weight. This
worries me because I procrastinate in exercising. I
also need to start working out. My weight worries
me because I want to lose weight, every time I go to
the doctor my weight gets higher. What I have
planned is to exercise 1 hr a day and go for a run or
walk at the park and stop eating junk food.” — 16
years, female, high stress, overweight/obesity.

Miscellaneous
“I'm worried about my dog’s health because she is
kind of old. ” — 13 years, female, low stress, healthy
weight

Academic Readiness, referred to as STAAR), often in relation to passing
on to the next grade level. Students expressed worries that they would
not be able to advance with their peers and would disappoint their
family. Additionally, many students reported they were not worried or
stressed about anything at the time of this assessment (13%).

3.3.3. The future unknown

A category reflecting concerns about the future unknown (8%)
emerged. Students expressed uncertainty regarding what could happen
in both the immediate and distant future. Within this category, students
expressed concerns about dying early and not being able to accomplish
their plans.

3.3.4. Concerns about family and social relationships

Two distinct categories regarding relationship concerns with family
(6%) and other social relationships (5%) emerged. Students with family
relationship concerns shared stressors such as divorce and financial
hardship. Additionally, students questioned if their friends genuinely
accepted them and if trust was present in their relationships.

3.3.5. Overall health

Several students reported concerns about their health outside of the
COVID-19 pandemic (4%). Students were concerned about weight
management, their physical appearance, and self-confidence.

3.3.6. Miscellaneous

Some students reported sources of stress that were unique to their
personal circumstances and could not be categorized among their peers
(3%). For example, one participant expressed concern for the health of
their pet.

3.4. Discussion

The onset of the COVID-19 pandemic during a healthy lifestyles
intervention provided the opportunity to examine the level and sources
of stress experienced by a sample of historically marginalized adoles-
cents as schools closed to mitigate viral spread. Among our sample, 67%
scored > 6 on the PSS-4, similar to a sample of German adolescents (N =
824, mean age 13 years, mean PSS-4 score 6.93 in April 2020) who
experienced a significant increase in stress in during COVID-19 lock-
down (Paschke et al., 2021). A sample of undergraduate medical stu-
dents surveyed between June 2020 — August 2020 (N = 852, mean PSS-4
score 7.25) (Guo et al., 2021) and a sample of health care workers
surveyed April 2020 (N = 61, median PSS-4 score 7) (Choudhury et al.,
2020) also experienced similar stress levels. Thus, although there is no
established threshold for “high” stress levels using the PSS-4, the com-
parable average stress levels experienced by other populations during
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this period provides further context for considering scores > 6 as
elevated stress. The COVID-19 pandemic and school performance were
the most prevalent sources of stress reported. These findings demon-
strate that psychosocial context and external stressors are important
considerations for adolescent behavioral interventions.

While the changes in BMIz observed in this study are unlikely to
substantively impact growth (Homan, 2016), our findings suggest that
the impact of perceived stress on BMIz change depends on the adoles-
cent’s starting BMIz. Specifically, for students with lower baseline BMIz,
increased perceived stress was associated with a decrease in BMIz. The
association between perceived stress and BMIz change was not statisti-
cally significant at higher baseline BMIz levels. Individual differences in
eating patterns in response to stress, such as lack of appetite versus
increased caloric intake (Tajik et al., 2014; Torres and Nowson, 2007)
could explain the differences in BMIz change observed between youth
with lower versus higher baseline BMIz. Dietary restraint, which can
differ by weight status, could also influence weight outcomes, as pre-
vious research indicates that adolescents of lower weight statuses tend to
demonstrate less dietary restraint and thus decreased caloric intake in
response to stress (Roemmich et al., 2011; Roemmich et al., 2002).
Additionally, further research is needed to understand how the com-
bined effects of acute and chronic stress on adolescent physiology (e.g.,
cortisol levels) relate to and reinforce weight-related stress management
behaviors, such as maladaptive eating patterns and sedentary behavior
(Kidwell et al., 2022). Additional height and weight measurements
would provide greater context to identify patterns in the relation be-
tween stress and growth, as the overall prevalence of obesity among
adolescents increased as the COVID-19 pandemic progressed (Chang
et al., 2021; Jenssen et al., 2021).

COVID-19 pandemic-related concerns were the most prevalent
source of stress in our sample irrespective of stress level or weight status.
Adolescents expressed uncertainty regarding the COVID-19 pandemic,
which has since negatively affected adolescent mental health, weight
status, and health behaviors (Chang et al., 2021; Hawes et al., 2021;
McGuine et al., 2021; Browne et al., 2021; Jones et al., 2021; Woolford
et al., 2021; Neshteruk et al., 2021). Since March 2020, several addi-
tional external stressors have become increasingly relevant concerns for
adolescents, including increased gun violence on school campuses
(Reeping et al., 2022; Riehm et al., 2021; Ssentongo et al., 2021), racism
(Mpofu et al., 2021; Trent et al., 2019), and legislation changes affecting
sexual and gender minority youth (Barbee et al., 2022). Further, the
adolescents in this study are demographically similar to youth dispro-
portionately affected by obesity before and during the COVID-19
pandemic (Jenssen et al., 2021; Fryar et al., 2018) and disproportion-
ately affected by COVID-19 related deaths within families (Feldman and
Bassett, 2021). Underserved adolescents must navigate multiple,
chronic external stressors that influence health behaviors and have long-
term impacts on disease risk, an important consideration for in-
terventions aiming to improve the health of this population.

School performance was the second most prevalent source of stress
identified by students in our sample. Previous research indicates that
academic stress is highly prevalent among youth reporting elevated
stress levels (Roy et al., 2021; Kanellopoulou et al., 2022; Feld and
Shusterman, 2015). Generally, academic stress is associated with eating
behaviors favoring increased caloric intake (Emond et al., 2016; Slo-
chower et al., 1981; Feld and Shusterman, 2015; Pollard et al., 1995).
Although school exams are typically acute in nature, academics could
represent a consistent stressor for students, particularly for our partici-
pants attending a charter school focused on college preparedness.
Additionally, we collected data nearing the end of the academic se-
mester when students might have heightened concerns for standardized
testing, advancing to the next grade level, and college preparedness.
Schools are common settings to access and develop interventions for
adolescents. However, few school-based interventions consider the po-
tential role of academic-related stress on targeted health outcomes.
Adolescents worried about school performance might prioritize
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academics over positive diet and physical activity behaviors promoted
in healthy lifestyle interventions. Our findings suggest considerations of
how societal context and psychosocial factors relate to the intervention
setting could benefit participants. While mindfulness-based strategies
and stress management techniques have some potential to improve
adiposity biomarkers in obesity interventions (Paltoglou et al., 2021),
students of all weight statuses may benefit from support from healthy
coping strategies.

3.5. Strengths and limitations

Strengths of this study include the opportunity to explore sources of
adolescent stress in a naturalistic setting among our student cohort
participating in a healthy lifestyles intervention when schools closed for
the COVID-19 pandemic. We assessed stress among a sample of histor-
ically marginalized adolescents often underrepresented in the literature.
While trained research staff objectively measured height and weight, we
do not have data on additional factors that could be relevant to the
observed BMIz changes, such as health behaviors, pubertal status, and
the socioeconomic status of individual participants. An additional
strength of this study is the inclusion of qualitative and quantitative
stress data; however, we assessed stress at one time point and focused on
a descriptive qualitative level. An in-depth qualitative design, like
phenomenology, may capture a richer understanding of adolescents’
lived experiences regarding stress and lifestyle behaviors, promoting
more nuanced components to interventions. Weight changes occurred
before we measured stress and stress fluctuates over time. Thus, drawing
conclusions around stress and weight change is tenuous. Finally, the 4-
item Perceived Stress Scale is a brief screening tool that does not cap-
ture physiological changes in the stress response system (e.g., cortisol
levels) which could contribute to weight changes.

3.6. Conclusions

Adolescents are commonly the focus of health behavior in-
terventions; however, few behavioral interventions consider internal
and external stressors relevant to adolescents. External stressors have
the potential to affect weight for youth of all weight statuses. Future
qualitative research is needed to understand how societal context affects
adolescent stress levels, followed by quantitative research on the im-
plications of these sources of stress on adolescent health behavior within
and outside of behavioral interventions. Public health practitioners
could aid in providing resources for addressing chronic and acute
external stressors among adolescents, ranging from education on
behavioral stress management techniques to broadening social safety
nets. Further, individuals working with adolescents in schools may
consider how providing additional support for academic related stress
could promote overall holistic wellbeing among their students,
including positive dietary and physical activity behaviors.

Funding Source

Ms. Goodman’s time was supported by Award Number
T32DK083250 from the National Institute of Diabetes and Digestive and
Kidney Diseases (NIDDK) and Dr. Arlinghaus’s time was supported by
the National Institutes of Health’s National Center for Advancing
Translational Sciences, grants KL2TR002492 and UL1TR002494. The
content is solely the responsibility of the authors and does not neces-
sarily represent the official views of the NIDDK, the National Institutes
of Health, or the National Institutes of Health’s National Center for
Advancing Translational Sciences.

Declaration of Competing Interest

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to influence



L.P. Goodman et al.
the work reported in this paper.
Data availability
The authors do not have permission to share data.

References

Ajibewa, T.A., Beemer, L.R., Sonneville, K.R., Miller, A.L., Toledo-Corral, C., Robinson, L.
E., Hasson, R.E., 2021. Psychological stress and lowered physical activity enjoyment
in adolescents with overweight/Obesity. American Journal of Health Promotion 35
(6), 766-774.

Arlinghaus, K.R., O’Connor, D.P., Ledoux, T.A., Hughes, S.0O., Johnston, C.A., 2021.

A staged approach to address youth unresponsive to initial obesity intervention: a
randomized clinical trial. Int J Obesity. 45 (12), 2585-2590. https://doi.org/
10.1038/541366-021-00940-0.

Arnold, S.V., Smolderen, K.G., Buchanan, D.M., Li, Y., Spertus, J.A., 2012. Perceived
stress in myocardial infarction: long-term mortality and health status outcomes.
Journal of the American College of Cardiology 60 (18), 1756-1763. https://doi.org/
10.1016/j.jacc.2012.06.044.

Barbee, H., Deal, C., Gonzales, G., 2022. Anti-Transgender legislation—A public health
concern for transgender youth. JAMA Pediatrics. 176 (2), 125. https://doi.org/
10.1001/jamapediatrics.2021.4483.

Block, J.P., He, Y., Zaslavsky, A.M., Ding, L., Ayanian, J.Z., 2009. Psychosocial stress and
change in weight among US adults. American Journal of Epidemiology. 170 (2),
181-192. https://doi.org/10.1093/aje/kwp104.

Browne, N.T., Snethen, J.A., Greenberg, C.S., et al., 2021. When pandemics collide: The
impact of COVID-19 on childhood obesity. Journal of Pediatric Nursing. Jan-Feb 56,
90-98. https://doi.org/10.1016/j.pedn.2020.11.004.

Cartwright, M., Wardle, J., Steggles, N., Simon, A.E., Croker, H., Jarvis, M.J., 2003.
Stress and dietary practices in adolescents. Health Psychology 22 (4), 362-369.
https://doi.org/10.1037,/0278-6133.22.4.362.

Chang TH, Chen YC, Chen WY, et al. Weight Gain Associated with COVID-19 Lockdown
in Children and Adolescents: A Systematic Review and Meta-Analysis. Nutrients. Oct
19 2021;13(10)10.3390/nu13103668.

Choudhury, T., Debski, M., Wiper, A., Abdelrahman, A., Wild, S., Chalil, S., More, R.,
Goode, G., Patel, B., Abdelaziz, H.K., 2020. COVID-19 pandemic: looking after the
mental health of our healthcare workers. Journal of occupational and environmental
medicine. 62 (7), e373-e376.

Chulani, V.L., Gordon, L.P., 2014. Adolescent growth and development. Primary Care 41
(3), 465-487. https://doi.org/10.1016/j.pop.2014.05.002.

Cohen, S., Kamarck, T., Mermelstein, R., 1983. A global measure of perceived stress.
Journal of Health and Social Behavior 24 (4), 385-396.

Cohen, S., Kessler, R.C., Gordon, L.U., 1995. Strategies for measuring stress in studies of
psychiatric and physical disorders. A guide for health and social scientists,
Measuring stress, pp. 3-26.

Cohen S. Perceived stress in a probability sample of the United States. The social
psychology of health. Sage Publications, Inc; 1988:31-67. The Claremont Symposium on
Applied Social Psychology.

Elo, S., Kyngis, H., 2008. The qualitative content analysis process. Journal of Advanced
Nursing. 62 (1), 107-115. https://doi.org/10.1111/j.1365-2648.2007.04569.x.
Emond, M., Ten Eycke, K., Kosmerly, S., Robinson, A.L., Stillar, A., Van Blyderveen, S.,
2016. The effect of academic stress and attachment stress on stress-eaters and stress-
undereaters. Appetite 100, 210-215. https://doi.org/10.1016/j.appet.2016.01.035.

Feld, L.D., Shusterman, A., 2015. into the pressure cooker: Student stress in college
preparatory high schools. Journal of Adolescence. 41, 31-42. https://doi.org/
10.1016/j.adolescence.2015.02.003.

Feldman, J.M., Bassett, M.T., 2021. Variation in COVID-19 mortality in the US by race
and ethnicity and educational attainment. JAMA Network Open. 4 (11), e2135967.

Flegal, K.M., Ogden, C.L., 2011. Childhood obesity: Are we all speaking the same
language? Advances in Nutrition. 2 (2), 159S-1668S. https://doi.org/10.3945/
an.111.000307.

Ford JL, Browning CR, Boch SJ, et al. Racial and Economic Adversity Differences in
Stress Markers and Immune Function Among Urban Adolescents. Nurs Res. Set/Oct
01 2021;70(5S Suppl 1):S31-s42. 10.1097/nnr.0000000000000527.

Fryar CD, Carroll MD, Ogden CL. Prevalence of overweight, obesity, and severe obesity
among children and adolescents aged 2-19 years: United States, 1963-1965 through
2015-2016. Pamphlet (or booklet). 2018;NCHS health E-stats.

Gundersen, C., Mahatmya, D., Garasky, S., Lohman, B., 2011. Linking psychosocial
stressors and childhood obesity. Obesity Reviews 12 (5), e54—e63. https://doi.org/
10.1111/j.1467-789X.2010.00813.x.

Guo, A.A., Crum, M.A., Fowler, L.A., 2021. Assessing the psychological impacts of
COVID-19 in undergraduate medical students. International Journal of
Environmental Research and Public Health. 18 (6), 2952. https://doi.org/10.3390/
ijerph18062952.

Hawes MT, Szenczy AK, Klein DN, Hajcak G, Nelson BD. Increases in depression and
anxiety symptoms in adolescents and young adults during the COVID-19 pandemic.
Psychol Med. Jan 13 2021:1-9. 10.1017/50033291720005358.

Hernandez, D.C., Pressler, E., 2015. Gender disparities among the association between
cumulative family-level stress & adolescent weight status. Preventive Medicine 73,
60-66. https://doi.org/10.1016/j.ypmed.2015.01.013.

Hewagalamulage, S.D., Lee, T.K., Clarke, 1.J., Henry, B.A., 2016. Stress, cortisol, and
obesity: a role for cortisol responsiveness in identifying individuals prone to obesity.

Preventive Medicine Reports 36 (2023) 102447

Domestic Animal Endocrinology. 56, $112-S120. https://doi.org/10.1016/j.
domaniend.2016.03.004.

Homan, G.J., 2016. Failure to thrive: A practical guide. American Family Physician 94
(4), 295-299.

Jaaskelainen, A., Nevanpera, N., Remes, J., Rahkonen, F., Jarvelin, M.-R., Laitinen, J.,
2014. Stress-related eating, obesity and associated behavioural traits in adolescents:
a prospective population-based cohort study. BMC Public Health 14 (1).

Jenssen, B.P., Kelly, M.K., Powell, M., Bouchelle, Z., Mayne, S.L., Fiks, A.G., 2021.
COVID-19 and changes in child obesity. Pediatrics 147 (5). https://doi.org/10.1542/
peds.2021-050123.

Johnson, R.B., Onwuegbuzie, A.J., 2004. Mixed methods research: A research paradigm
whose time has come. Educational Researcher. 33 (7), 14-26. https://doi.org/
10.3102/0013189x033007014.

Jones EAK, Mitra AK, Bhuiyan AR. Impact of COVID-19 on Mental Health in Adolescents:
A Systematic Review. Int J Environ Res Public Health. Mar 3 2021;18(5)10.3390/
ijerph18052470.

Kanellopoulou, A., Vassou, C., Kornilaki, E.N., Notara, V., Antonogeorgos, G., Rojas-
Gil, A.P., Lagiou, A., Yannakoulia, M., Panagiotakos, D.B., 2022. The association
between stress and children’s weight status: A School-Based, epidemiological study.
Children 9 (7), 1066.

Kidwell, K.M., Reiter-Purtill, J., Decker, K., Howarth, T., Doland, F., Zeller, M.H., 2022.
Stress and eating responses in adolescent females predisposed to obesity: A pilot and
feasibility study. Appetite 179, 106308.

Kotwal, A.A., Schumm, P., Mohile, S.G., Dale, W., 2012. The influence of stress,
depression, and anxiety on PSA screening rates in a nationally representative sample.
Medical Care 50 (12), 1037-1044. https://doi.org/10.1097/
MLR.0b013e318269e096.

Krefting, L., 1991. Rigor in qualitative research: the assessment of trustworthiness.
American Journal of Occupational Therapy 45 (3), 214-222. https://doi.org/
10.5014/ajot.45.3.214.

Kuczmarski RJ, Ogden CL, Guo SS, et al. 2000 CDC Growth Charts for the United States:
methods and development. Vital Health Stat 11. May 2002;(246):1-190.

Lange, S.J., Moore, L.V., Harris, D.M., Merlo, C.L., Lee, S.H., Demissie, Z., Galuska, D.A.,
2021. Percentage of adolescents meeting federal fruit and vegetable intake
recommendations — Youth risk behavior surveillance system, united states, 2017.
MMWR. Morbidity and Mortality Weekly Report 70 (3), 69-74.

Malik, A.O., Peri-Okonny, P., Gosch, K., Thomas, M., Mena, C., Hiatt, W.R., Jones, P.G.,
Provance, J.B., Labrosciano, C., Jelani, Q.-u.-A., Spertus, J.A., Smolderen, K.G.,
2020. Association of perceived stress levels with long-term mortality in patients with
peripheral artery disease. JAMA Network Open. 3 (6), e208741.

McClellan, W.M., Abramson, J., Newsome, B., Temple, E., Wadley, V.G., Audhya, P.,
McClure, L.A., Howard, V.J., Warnock, D.G., Kimmel, P., 2010. Physical and
psychological burden of chronic kidney disease among older adults. American
Journal of Nephrology 31 (4), 309-317.

McGuine, T.A., Biese, K.M., Petrovska, L., et al., 2021. Mental health, physical activity,
and quality of life of US adolescent athletes during COVID-19-Related school
closures and sport cancellations: A study of 13 000 athletes. Journal of Athletic
Training 56 (1), 11-19. https://doi.org/10.4085/1062-6050-0478.20.

Miller, A.L., Riley, H., Domoff, S.E., Gearhardt, A.N., Sturza, J., Kaciroti, N., Lumeng, J.
C., 2019. Weight status moderates stress-eating in the absence of hunger associations
in children. Appetite 136, 184-192.

Mitchell, A.M., Crane, P.A., Kim, Y., 2008. perceived stress in survivors of suicide:
psychometric properties of the perceived Stress scale. Research in Nursing & Health
31 (6), 576-585. https://doi.org/10.1002/nur.20284.

Mpofu JJ, Cooper AC, Ashley C, et al. Perceived Racism and Demographic, Mental
Health, and Behavioral Characteristics Among High School Students During the
COVID-19 Pandemic — Adolescent Behaviors and Experiences Survey, United States,
January-June 2021. MMWR Supplements. 2022;71(3):22-27. 10.15585/mmwr.
su7103a4.

Neshteruk, C.D., Zizzi, A., Suarez, L., et al., 2021. Weight-Related behaviors of children
with obesity during the COVID-19 pandemic. Childhood Obesity 17 (6), 371-378.
https://doi.org/10.1089/chi.2021.0038.

Ogden, C.L., Fryar, C.D., Hales, C.M., Carroll, M.D., Aoki, Y., Freedman, D.S., 2018.
Differences in obesity prevalence by demographics and urbanization in US children
and adolescents, 2013-2016. Journal of the American Medical Association 319 (23),
2410-2418. https://doi.org/10.1001/jama.2018.5158.

Organization, W.H., 2020. 2019-nCoV outbreak is an emergency of international
concern. World Health Organization.

Paltoglou G, Chrousos GP, Bacopoulou F. Stress Management as an Effective
Complementary Therapeutic Strategy for Weight Loss in Children and Adolescents
with Obesity: A Systematic Review of Randomized Controlled Trials. Children
(Basel). Jul 31 2021;8(8)10.3390/children8080670.

Paschke K, Arnaud N, Austermann MI, Thomasius R. Risk factors for prospective increase
in psychological stress during COVID-19 lockdown in a representative sample of
adolescents and their parents. BJPsych Open. 2021;7(3)10.1192/bjo.2021.49.

Pelletier, J.E., Lytle, L.A., Laska, M.N., 2016. Stress, health risk behaviors, and weight
status among community college students. health Education & Behavior. 43 (2),
139-144. https://doi.org/10.1177,/1090198115598983.

Pervanidou, P., Chrousos, G.P., 2011. Stress and obesity/metabolic syndrome in
childhood and adolescence. International Journal of Pediatric Obesity. 6 (S1),
21-28. https://doi.org/10.3109/17477166.2011.615996.

Piercy, K.L., Troiano, R.P., Ballard, R.M., Carlson, S.A., Fulton, J.E., Galuska, D.A.,
George, S.M., Olson, R.D., 2018. The physical activity guidelines for americans.
Journal of the American Medical Association 320 (19), 2020.

Pollard, T.M., Steptoe, A., Canaan, L., Davies, G.J., Wardle, J., 1995. Effects of academic
examination stress on eating behavior and blood lipid levels. International Journal of


http://refhub.elsevier.com/S2211-3355(23)00338-8/h0005
http://refhub.elsevier.com/S2211-3355(23)00338-8/h0005
http://refhub.elsevier.com/S2211-3355(23)00338-8/h0005
http://refhub.elsevier.com/S2211-3355(23)00338-8/h0005
https://doi.org/10.1038/s41366-021-00940-0
https://doi.org/10.1038/s41366-021-00940-0
https://doi.org/10.1016/j.jacc.2012.06.044
https://doi.org/10.1016/j.jacc.2012.06.044
https://doi.org/10.1001/jamapediatrics.2021.4483
https://doi.org/10.1001/jamapediatrics.2021.4483
https://doi.org/10.1093/aje/kwp104
https://doi.org/10.1016/j.pedn.2020.11.004
https://doi.org/10.1037/0278-6133.22.4.362
http://refhub.elsevier.com/S2211-3355(23)00338-8/h0050
http://refhub.elsevier.com/S2211-3355(23)00338-8/h0050
http://refhub.elsevier.com/S2211-3355(23)00338-8/h0050
http://refhub.elsevier.com/S2211-3355(23)00338-8/h0050
https://doi.org/10.1016/j.pop.2014.05.002
http://refhub.elsevier.com/S2211-3355(23)00338-8/h0060
http://refhub.elsevier.com/S2211-3355(23)00338-8/h0060
http://refhub.elsevier.com/S2211-3355(23)00338-8/h0065
http://refhub.elsevier.com/S2211-3355(23)00338-8/h0065
http://refhub.elsevier.com/S2211-3355(23)00338-8/h0065
https://doi.org/10.1111/j.1365-2648.2007.04569.x
https://doi.org/10.1016/j.appet.2016.01.035
https://doi.org/10.1016/j.adolescence.2015.02.003
https://doi.org/10.1016/j.adolescence.2015.02.003
http://refhub.elsevier.com/S2211-3355(23)00338-8/h0090
http://refhub.elsevier.com/S2211-3355(23)00338-8/h0090
https://doi.org/10.3945/an.111.000307
https://doi.org/10.3945/an.111.000307
https://doi.org/10.1111/j.1467-789X.2010.00813.x
https://doi.org/10.1111/j.1467-789X.2010.00813.x
https://doi.org/10.3390/ijerph18062952
https://doi.org/10.3390/ijerph18062952
https://doi.org/10.1016/j.ypmed.2015.01.013
https://doi.org/10.1016/j.domaniend.2016.03.004
https://doi.org/10.1016/j.domaniend.2016.03.004
http://refhub.elsevier.com/S2211-3355(23)00338-8/h0135
http://refhub.elsevier.com/S2211-3355(23)00338-8/h0135
http://refhub.elsevier.com/S2211-3355(23)00338-8/h0140
http://refhub.elsevier.com/S2211-3355(23)00338-8/h0140
http://refhub.elsevier.com/S2211-3355(23)00338-8/h0140
https://doi.org/10.1542/peds.2021-050123
https://doi.org/10.1542/peds.2021-050123
https://doi.org/10.3102/0013189x033007014
https://doi.org/10.3102/0013189x033007014
http://refhub.elsevier.com/S2211-3355(23)00338-8/h0160
http://refhub.elsevier.com/S2211-3355(23)00338-8/h0160
http://refhub.elsevier.com/S2211-3355(23)00338-8/h0160
http://refhub.elsevier.com/S2211-3355(23)00338-8/h0160
http://refhub.elsevier.com/S2211-3355(23)00338-8/h0165
http://refhub.elsevier.com/S2211-3355(23)00338-8/h0165
http://refhub.elsevier.com/S2211-3355(23)00338-8/h0165
https://doi.org/10.1097/MLR.0b013e318269e096
https://doi.org/10.1097/MLR.0b013e318269e096
https://doi.org/10.5014/ajot.45.3.214
https://doi.org/10.5014/ajot.45.3.214
http://refhub.elsevier.com/S2211-3355(23)00338-8/h0185
http://refhub.elsevier.com/S2211-3355(23)00338-8/h0185
http://refhub.elsevier.com/S2211-3355(23)00338-8/h0185
http://refhub.elsevier.com/S2211-3355(23)00338-8/h0185
http://refhub.elsevier.com/S2211-3355(23)00338-8/h0190
http://refhub.elsevier.com/S2211-3355(23)00338-8/h0190
http://refhub.elsevier.com/S2211-3355(23)00338-8/h0190
http://refhub.elsevier.com/S2211-3355(23)00338-8/h0190
http://refhub.elsevier.com/S2211-3355(23)00338-8/h0195
http://refhub.elsevier.com/S2211-3355(23)00338-8/h0195
http://refhub.elsevier.com/S2211-3355(23)00338-8/h0195
http://refhub.elsevier.com/S2211-3355(23)00338-8/h0195
https://doi.org/10.4085/1062-6050-0478.20
http://refhub.elsevier.com/S2211-3355(23)00338-8/h0205
http://refhub.elsevier.com/S2211-3355(23)00338-8/h0205
http://refhub.elsevier.com/S2211-3355(23)00338-8/h0205
https://doi.org/10.1002/nur.20284
https://doi.org/10.1089/chi.2021.0038
https://doi.org/10.1001/jama.2018.5158
http://refhub.elsevier.com/S2211-3355(23)00338-8/h0230
http://refhub.elsevier.com/S2211-3355(23)00338-8/h0230
https://doi.org/10.1177/1090198115598983
https://doi.org/10.3109/17477166.2011.615996
http://refhub.elsevier.com/S2211-3355(23)00338-8/h0255
http://refhub.elsevier.com/S2211-3355(23)00338-8/h0255
http://refhub.elsevier.com/S2211-3355(23)00338-8/h0255

L.P. Goodman et al.

Behavioral Medicine. 2 (4), 299-320. https://doi.org/10.1207/
s15327558ijbm0204_2.

Reeping, P.M,, Klarevas, L., Rajan, S., et al., 2022. State firearm laws, gun ownership,
and K-12 school shootings: Implications for school safety. Journal of school Violence.
21 (2), 132-146. https://doi.org/10.1080/15388220.2021.2018332.

Riehm, K.E., Mojtabai, R., Adams, L.B., et al., 2021. Adolescents’ concerns about school
violence or shootings and association with depressive, anxiety, and panic symptoms.
JAMA Network Open. 4 (11), e2132131.

Roemmich, J.N., Wright, S.M., Epstein, L.H., 2002. Dietary restraint and stress-induced
snacking in youth. Obesity Research 10 (11), 1120-1126. https://doi.org/10.1038/
oby.2002.152.

Roemmich, J.N., Lambiase, M.J., Lobarinas, C.L., Balantekin, K.N., 2011. Interactive
effects of dietary restraint and adiposity on stress-induced eating and the food choice
of children. Eating Behaviors. 12 (4), 309-312. https://doi.org/10.1016/j.
eatbeh.2011.07.003.

Roy, S.K., Jahan, K., Alam, N., Rois, R., Ferdaus, A., Israt, S., Karim, M.R., 2021.
Perceived stress, eating behavior, and overweight and obesity among urban
adolescents. Journal of Health, Population and Nutrition. 40 (1).

Slochower, J., Kaplan, S.P., Mann, L., 1981. The effects of life stress and weight on mood
and eating. Appetite 2 (2), 115-125. https://doi.org/10.1016/50195-6663(81)
80005-0.

Ssentongo P, Fronterre C, Ssentongo AE, et al. Gun violence incidence during the COVID-
19 pandemic is higher than before the pandemic in the United States. Sci Rep. Oct 21
2021;11(1):20654. 10.1038/541598-021-98813-z.

Stata Statistical Software: Release 17. StataCorp LLC; 2021.

Preventive Medicine Reports 36 (2023) 102447

Stults-Kolehmainen, M.A., Sinha, R., 2014. The effects of stress on physical activity and
exercise. Sports Medicine 44 (1), 81-121. https://doi.org/10.1007/s40279-013-
0090-5.

Suldo SM, Shaunessy E, Thalji A, Michalowski J, Shaffer E. SOURCES OF STRESS FOR
STUDENTS IN HIGH SCHOOL COLLEGE PREPARATORY AND GENERAL
EDUCATION PROGRAMS: GROUP DIFFERENCES AND ASSOCIATIONS WITH
ADJUSTMENT. Article. Adolescence. Winter2009 2009;44(176):925-948.

Tajik, E., Zulkefli, N.A., Baharom, A., Minhat, H.S., Latiff, L.A., 2014. Contributing
factors of obesity among stressed adolescents. Electronic Physician. Jan-Mar 6 (1),
771-778. https://doi.org/10.14661/2014.771-778.

Torres, S.J., Nowson, C.A., 2007. Relationship between stress, eating behavior, and
obesity. Nutrition. Nov-Dec 23 (11-12), 887-894. https://doi.org/10.1016/j.
nut.2007.08.008.

Trent, M., Dooley, D.G., Dougé, J., et al., 2019. The impact of racism on child and
adolescent health. Pediatrics 144 (2). https://doi.org/10.1542/peds.2019-1765.
van Jaarsveld, C.H.M., Fidler, J.A., Steptoe, A., Boniface, D., Wardle, J., 2009. Perceived
stress and weight gain in adolescence: A longitudinal analysis. Obesity 17 (12),

2155-2161. https://doi.org/10.1038/0by.2009.183.

Verdejo-Garcia, A., Moreno-Padilla, M., Garcia-Rios, M.C., Lopez-Torrecillas, F.,
Delgado-Rico, E., Schmidt-Rio-Valle, J., Fernandez-Serrano, M.J., Ben Hamed, S.,
2015. Social stress increases cortisol and hampers attention in adolescents with
excess weight. PLoS Onel 10 (4), e0123565.

Woolford, S.J., Sidell, M., Li, X., et al., 2021. Changes in body mass index among children
and adolescents during the COVID-19 pandemic. Journal of the American Medical
Association 326 (14), 1434. https://doi.org/10.1001/jama.2021.15036.


https://doi.org/10.1207/s15327558ijbm0204_2
https://doi.org/10.1207/s15327558ijbm0204_2
https://doi.org/10.1080/15388220.2021.2018332
http://refhub.elsevier.com/S2211-3355(23)00338-8/h0270
http://refhub.elsevier.com/S2211-3355(23)00338-8/h0270
http://refhub.elsevier.com/S2211-3355(23)00338-8/h0270
https://doi.org/10.1038/oby.2002.152
https://doi.org/10.1038/oby.2002.152
https://doi.org/10.1016/j.eatbeh.2011.07.003
https://doi.org/10.1016/j.eatbeh.2011.07.003
http://refhub.elsevier.com/S2211-3355(23)00338-8/h0290
http://refhub.elsevier.com/S2211-3355(23)00338-8/h0290
http://refhub.elsevier.com/S2211-3355(23)00338-8/h0290
https://doi.org/10.1016/s0195-6663(81)80005-0
https://doi.org/10.1016/s0195-6663(81)80005-0
https://doi.org/10.1007/s40279-013-0090-5
https://doi.org/10.1007/s40279-013-0090-5
https://doi.org/10.14661/2014.771-778
https://doi.org/10.1016/j.nut.2007.08.008
https://doi.org/10.1016/j.nut.2007.08.008
https://doi.org/10.1542/peds.2019-1765
https://doi.org/10.1038/oby.2009.183
http://refhub.elsevier.com/S2211-3355(23)00338-8/h0340
http://refhub.elsevier.com/S2211-3355(23)00338-8/h0340
http://refhub.elsevier.com/S2211-3355(23)00338-8/h0340
http://refhub.elsevier.com/S2211-3355(23)00338-8/h0340
https://doi.org/10.1001/jama.2021.15036

	Adolescent sources of stress, stress levels, and associations between stress and changes in weight outcomes at the time of  ...
	1 Introduction
	2 Methods
	2.1 Sample
	2.2 Measures
	2.3 Data analysis

	3 Results
	3.1 How much stress were students experiencing during the onset of the COVID-19 pandemic?
	3.2 How did stress levels relate to changes in BMIz?
	3.3 What were sources of adolescent stress during this period?
	3.3.1 COVID-19 pandemic-related concerns
	3.3.2 School performance
	3.3.3 The future unknown
	3.3.4 Concerns about family and social relationships
	3.3.5 Overall health
	3.3.6 Miscellaneous

	3.4 Discussion
	3.5 Strengths and limitations
	3.6 Conclusions
	Funding Source

	Declaration of Competing Interest
	Data availability
	References


