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Abstract
Background While minoritized ethnoracial groups were most likely to be in online learning during the COVID-19 
pandemic, the impact of these ethnoracial disparities on adolescent mental health is unclear. Since past studies do 
not directly examine whether the association between school modality and self-reported mental health outcomes 
varied by race and ethnicity among U.S. adolescents during the COVID-19 pandemic, this study addresses the gap.

Methods Adolescents aged 13 to 17 years old (n = 510) were surveyed for self-reports of anxiety and depression 
symptoms using the 4-item Patient Health Questionnaire during Spring 2021. Seemingly unrelated regressions were 
used to estimate the differential association between school modality and mental health by respondents’ race and 
ethnicity.

Results Estimates without interaction between school modality and race and ethnicity suggested that Latino 
respondents reported a significantly higher frequency of depressive symptoms than their White counterparts 
(b = 0.459; p < 0.05). Similarly, the estimates without the interaction suggested respondents reporting hybrid 
learning had a higher frequency of depressive symptoms than in-person learning (b = 0.504; p < 0.05). Estimates with 
interaction between school modality and race and ethnicity suggested fully online learning was associated with 
poorer mental health only among White respondents and better mental health among Black respondents. Among 
adolescents attending school fully online, Black adolescents reported fewer mental health symptoms than their White 
counterparts (anxiety, b =– 1.364; p < 0.05, and depression, b =– 1.647; p < 0.05).

Conclusions Fully online learning may have benefitted the mental health of Black adolescents during the COVID-19 
pandemic, perhaps because it buffered racial discrimination and social anxiety in schools. Additional interventions 
should be explored to promote in-person school environments that better support the mental health of Black 
adolescents. Moreover, prioritizing equitable access to broadband internet will provide better access to online 
learning and ensure positive mental health, particularly for adolescents from minoritized ethnoracial groups during 
instances of future pandemics. Future research should continue to consider the race and ethnicity of adolescents to 
promote mental well-being in schools across learning modalities.
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Background
The COVID-19 pandemic significantly altered the 
schooling of about 55 million K-12 students in the United 
States [1]. The shift to online learning raised concerns 
about mental distress, particularly for adolescents from 
minoritized ethnoracial groups [2–4]. Despite the grow-
ing number of studies evaluating this claim [3, 5, 6], to 
our knowledge, no study has directly examined whether 
school mode differentially affected the mental health of 
adolescents from minoritized ethnoracial groups [7]. 
Therefore, we ask: Does the association between school 
modality and mental health vary by race and ethnicity of 
adolescents?

This is important to examine since adolescents from 
minoritized ethnoracial groups tended to be more likely 
in online learning than their White counterparts, par-
ticularly among high school-aged populations [1, 8]. For 
instance, a national survey of 567 adolescents admin-
istered during the Fall of 2020 in the United States 
found that 68% of Black respondents and 69% of His-
panic respondents were in the online mode of learning 
compared to only 48% of White respondents in online 
learning [1]. At the beginning of the pandemic, this was 
because they were more likely to attend schools in areas 
hit hard by COVID-19 cases [4]. As the pandemic contin-
ued and decisions about school openings became politi-
cized, they were still more likely to be in online learning 
than their White counterparts [6]. For instance, a nation-
ally representative survey of 2,152 U.S. adolescents dur-
ing Spring 2021 found that online learning was more 
common than in-person learning for Black respondents 
(17% versus 11%) and Hispanic respondents (33% versus 
20%), whereas White respondents (39% versus 63%) were 
less likely to be in online learning than in-person learning 
[8].

Whether the differential tendency to be in online learn-
ing among adolescents of different ethnoracial groups 
contributed to mental health inequalities is poorly under-
stood. Studies on adolescent mental health and mode of 
school instruction suggested that online learning stu-
dents reported poorer mental health than in-person 
learning students [1, 6]. While virtual learning was chal-
lenging for all students, ethnoracially minoritized stu-
dents disproportionately experienced challenges due to 
barriers such as lack of access to highspeed internet and 
computer devices [8]. While many studies included race 
and ethnicity as a control variable in the regression mod-
els estimating the influence of school modality on men-
tal health, the interaction between school modality and 
race and ethnicity was not examined [7]. For instance, 
one study found the association between school modality 
and mental health outcomes varied significantly by child 
age and family income level [6]. The researchers adjusted 
for race and ethnicity but did not estimate an interaction 

between school modality and race and ethnicity. Thus, 
using data collected in Spring 2021 from U.S. high school 
adolescents, we tested whether the association between 
school modality and reports of anxiety and depression 
varied by race and ethnicity.

Methods
Participants
The National Opinion Research Center (NORC) at the 
University of Chicago administered the cross-sectional 
online survey from March to May 2021 to 540 adoles-
cents (784 invited, 68.9% completion rate) aged 13 to 
17 years from their AmeriSpeak Teen Panel. NORC’s 
AmeriSpeak Teen Panel is a nationally representative 
survey infrastructure designed to collect data from U.S. 
teens. Black and Latino respondents were oversampled to 
improve the comparison of patterns by different ethnora-
cial groups. We present an analysis of the 510 respon-
dents who stated they attended high school during the 
survey. 30 respondents not attending high school during 
the survey were dropped. NORC administered consent 
and assent procedures online, with parents/guardians 
providing consent and adolescents providing assent.

Measures
Using the 4-item Patient Health Questionnaire (PHQ-
4), respondents reported the frequency of experiencing 
mental distress (0 = not at all to 3 = nearly every day) dur-
ing the two weeks preceding the survey [9]. The PHQ-4 
is validated for use among adolescents as a screener for 
anxiety and depression and has shown measurement 
invariance across ethnoracial groups [9–11]. Two items 
represented anxiety symptoms, and the other two repre-
sented depressive symptoms. Items were summed to cre-
ate two indices, each ranging between 0 and 6, with larger 
numbers representing higher levels of mental distress.

We used four categories for self-reported race and eth-
nicity: White, Black, Latino, and Other. The Other cat-
egory included those who identified as Asian, American 
Indian, and multi-racial, which we combined into one 
category because of the small numbers. We used four 
categories for self-reported school modality: in-person, 
fully online, hybrid, and home-schooled. We included 
as covariates respondents’ sex, age, metropolitan area, 
access to broadband internet, annual household income, 
household size, geographic region, and number of hours 
spent per day direct messaging [2, 6].

Statistical analysis
Statistical analyses were conducted with Stata 17.1. In 
Stata, sureg command for seemingly unrelated regres-
sions (SUR) was applied. SUR allows simultaneous esti-
mations of anxiety and depression with error terms 
correlated. This is an advantage over estimating anxiety 
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and depression with two independent ordinary least 
squares regression because it accounts for measured (e.g., 
race and ethnicity, sex) and unmeasured (e.g., academic 
performance) factors shaping both [12]. We estimated 
SUR twice, first without the key interactions between 
school modality and race and ethnicity, to replicate how 
prior studies estimate the mental health of adolescents 
during the pandemic. In doing so, we showed the com-
parability of our sample with previous studies. In the 
second SUR estimates, we advanced this prior work by 
adding the interaction terms. All estimates were adjusted 
for the covariates. Significance tests were two-tailed and 
set at 0.05.

Results
Characteristics of respondents
The sample (n = 510, 55% female) included 53% White, 
15% Black, 22% Latino, and 10% Other respondents. 
About 31% of the respondents reported being in-person 
(n = 156), 37% fully online (n = 188), 25% hybrid (n = 130), 
and 7% home-schooled (n = 36).

Regression without interaction
The first two columns in Table  1 show the results of 
seemingly unrelated regressions when estimating mental 
health without interaction terms. The models show the 
association between school modality and reports of men-
tal health when adjusting for the race and ethnicity of the 
respondents. Respondents reporting hybrid learning had 
higher depressive symptomatology than those reporting 
in-person learning (b = 0.504; p < 0.05). We found no sig-
nificant difference in mental health outcomes between 
U.S. adolescents reporting in-person learning and other 
learning modalities (i.e., fully online and home-schooled).

As for differences by race and ethnicity, only one 
appeared. Latino respondents reported a higher fre-
quency of depressive symptoms than their White coun-
terparts (b = 0.459; p < 0.05). There was no significant 
difference between Black and White respondents’ reports 
of mental health.

Regression with interaction
 As shown in the last two columns of Table 1, there was a 
significant interaction between school modality and race 
and ethnicity for anxiety and depression. Figure 1 shows 
the marginal effects of school modality on anxiety and 
depression with 95% Confidence Interval among White, 
Black, Latino, and Other adolescents. Values that do not 
cross zero indicate a significant difference in reports of 
mental distress compared to those in in-person learn-
ing. Compared to adolescents in in-person learning, 
Black respondents in fully online learning reported lower 
anxiety and depressive symptomatology, while White 

respondents in fully online learning reported higher 
depressive symptomatology.

Estimates without the interaction terms showed that 
adolescents in hybrid learning reported higher depressive 
symptomology than those in in-person learning. But, as 
shown in the bottom sections of the table, there was no 
significant interaction between hybrid learning and race/
ethnicity. Likewise, there was no significant interaction 
between home-schooled learning and race/ethnicity for 
mental health.

Discussion
When the COVID-19 pandemic hit the United States in 
March 2020, restrictions on daily lives, including school 
closures, raised concerns about the mental well-being 
of children and adolescents [5, 7, 13]. Starting in the fall 
of 2020, schools began resuming in-person learning, 
but adolescents from ethnoracially minoritized groups 
tended to remain in online learning, which raised alarms 
about ethnoracial mental health disparities [1, 2, 4, 14]. 
Past studies consistently reported that there were larger 
proportions of adolescents from minoritized ethnoracial 
groups attending schools fully online compared to their 
White counterparts. However, whether this differential 
tendency of ethnoracially minoritized adolescents to be 
in online learning was associated with disproportionate 
mental health harms for ethnoracially minoritized ado-
lescents has been contested [3, 5, 6, 8].

On the one hand, some studies found that attending 
school online during the pandemic was associated with 
poor mental health and suggested that there were dispro-
portionate mental health consequences for adolescents 
from minoritized ethnoracial groups [1, 6]. These stud-
ies primarily related school closures and online modes 
of learning to psychological distress among adolescents 
due to increased feelings of loneliness, confusion, affec-
tive challenges, and fear of SARS-CoV-2 infection. Since 
ethnoracially minoritized adolescents were more likely 
to experience school closures and online learning, those 
studies assumed that Black adolescents experienced more 
mental health difficulties [1, 6]. On the other hand, some 
studies suggested that despite disproportionately attend-
ing schools online during the pandemic, ethnoracially 
minoritized adolescents reported either comparable or 
better mental health than their White counterparts [3, 5]. 
For instance, one study found that during the pandemic, 
the prevalence of having seriously considered attempting 
suicide was lower among Black students than their White 
counterparts [5]. But, to our knowledge, no study directly 
examined how the association between school modality 
and mental health outcomes varied by race and ethnicity 
among U.S. adolescents during the COVID-19 pandemic 
[7]. Therefore, our study addresses this gap.
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Table 1   Results of seemingly unrelated regressions without and with interactions between school modality and race/ethnicity
Model 1 Model 2 Model 3 Model 4

Anxiety Depression Anxiety Depression

b (s.e.) p b (s.e.) p b (s.e.) p b (s.e.) p
Race
(Reference: White)
 Black – 0.127 (0.275) 0.645 – 0.164 (0.247) 0.507 0.435 (0.562) 0.439 0.728 (0.503) 0.147
 Latino 0.112 (0.237) 0.638 0.459* (0.213) 0.031 0.596 (0.428) 0.164 0.967* (0.383) 0.012
 Other – 0.157 (0.291) 0.588 – 0.04 (0.261) 0.877 0.253 (0.651) 0.698 – 0.166 (0.582) 0.776
School modality 
(Reference: In-person learning)
 Fully online – 0.338 (0.22) 0.124 0.079 (0.198) 0.690 0.121 (0.287) 0.674 0.554* (0.256) 0.031
 Hybrid 0.333 (0.238) 0.161 0.504* (0.213) 0.018 0.328 (0.303) 0.279 0.401 (0.27) 0.138
 Home-schooled 0.005 (0.359) 0.989 0.295 (0.322) 0.359 0.297 (0.474) 0.530 0.809 (0.423) 0.056
Fully online interaction
 Black – 1.364* (0.667) 0.041 – 1.647** (0.596) 0.006
 Latino – 0.998 (0.54) 0.065 – 0.982* (0.483) 0.042
 Other – 0.412 (0.809) 0.610 – 0.199 (0.723) 0.783
Hybrid interaction
 Black 0.185 (0.759) 0.807 – 0.249 (0.679) 0.714
 Latino – 0.182 (0.603) 0.763 – 0.127 (0.539) 0.814
 Other – 0.451 (0.795) 0.571 0.627 (0.711) 0.378
Home-schooled interaction
 Black – 0.326 (0.944) 0.730 – 1.186 (0.844) 0.160
 Latino – 1.107 (0.972) 0.255 – 1.61 (0.869) 0.064
 Other – 2.369 (1.547) 0.126 – 1.737 (1.383) 0.209
Female sex 0.909*** (0.172) 0.000 0.569*** (0.154) 0.000 0.923*** (0.172) 0.000 0.564*** (0.154) 0.000
Age > 15 y vs. < 15 y 0.203 (0.173) 0.241 – 0.412 (0.155) 0.790 0.192 (0.173) 0.268 – 0.068 (0.155) 0.661
Metro area vs. Rural area – 0.157 (0.238) 0.509 – 0.043 (0.214) 0.841 – 0.179 (0.237) 0.449 – 0.081 (0.212) 0.702
Access to broadband internet 0.166 (0.289) 0.566 – 0.073 (0.259) 0.777 0.184 (0.287) 0.520 – 0.032 (0.256) 0.902
Annual household income 
(Reference: < $30,000)
 $30,000 to under $60,000 0.365 (0.253) 0.150 0.308 (0.227) 0.176 0.359 (0.251) 0.152 0.325 (0.224) 0.147
 $60,000 to $100,000 0.358 (0.265) 0.176 0.456 (0.237) 0.055 0.312 (0.265) 0.239 0.424 (0.236) 0.073
 $100,000 or more 0.093 (0.271) 0.732 0.021 (0.243) 0.931 0.4 (0.272) 0.883 0.016 (0.243) 0.948
Household size 0.035 (0.756) 0.644 -0.003 (0.068) 0.971 0.067 (0.076) 0.380 0.029 (0.068) 0.670
Geographic region 
(Reference: Midwest)
 Mid-Atlantic – 0.182 (0.554) 0.742 – 0.231 (0.497) 0.642 – 0.276 (0.55) 0.616 – 0.326 (0.492) 0.508
 East North Central – 0.426 (0.521) 0.413 – 0.212 (0.467) 0.649 – 0.428 (0.517) 0.408 – 0.239 (0.462) 0.605
 West North Central 0.112 (0.561) 0.842 0.089 (0.503) 0.860 0.021 (0.557) 0.969 – 0.056 (0.498) 0.910
 South Atlantic – 0.322 (0.519) 0.535 – 0.331 (0.466) 0.477 – 0.397 (0.516) 0.441 – 0.417 (0.462) 0.366
 East South Central – 0.441 (0.584) 0.449 – 0.625 (0.524) 0.232 – 0.609 (0.581) 0.295 – 0.798 (0.519) 0.125
 West South Central – 0.588 (0.557) 0.291 – 0.339 (0.499) 0.497 – 0.743 (0.554) 0.180 – 0.499 (0.495) 0.313
 Mountain – 0.509 (0.555) 0.358 – 0.426 (0.498) 0.392 – 0.582 (0.549) 0.290 – 0.522 (0.491) 0.288
 Pacific – 0.191 (0.534) 0.721 – 0.217 (0.479) 0.650 – 0.202 (0.531) 0.704 – 0.279 (0.475) 0.555
Daily hours spent in direct messaging 0.289*** (0.065) 0.000 0.243*** (0.058) 0.000 0.287*** (0.065) 0.000 0.246*** (0.058) 0.000
Intercept  2.405** (0.737) 0.001 2.571*** (0.661) 0.000 2.204** (0.738) 0.003 2.361*** (0.659) 0.000
R-squared 0.132 0.115 0.153 0.143
The sample size was 510

*p <.05; **p <.01; ***p <.001
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We found online learning was negatively associated 
with White adolescents’ mental health but positively 
associated with Black adolescents’ mental health. The 
positive association between online learning and Black 
adolescents’ mental health may reflect how online learn-
ing relieved Black adolescents from stress due to racist 
encounters (e.g., disciplinary infractions), social anxiety, 
concerns about adequate safety measures for resum-
ing in-person learning, and elevated risks of contracting 
SARS-CoV-2 [3, 4, 13, 15, 16].

In the United States, race and ethnicity correlate with 
trauma exposure during the pandemic. For example, past 
studies found that compared to White adolescents, Black 
adolescents were at increased risk of losing multiple 
loved ones and subsequent posttraumatic anxiety-related 
disorders [16]. During the pandemic, Black families and 
children experienced significantly higher rates of SARS-
CoV-2 infections, hospitalizations, and deaths [4]. In 
addition, due to institutional and structural racism, the 
majority of Black adolescents in public schools histori-
cally attended schools with concentrated poverty. Those 
historically underresourced schools were likely to have 
poor school building quality, such as outdated HVAC 
(heating, ventilation, and air conditioning) systems, rais-
ing concerns for SARS-CoV-2 transmissions [15]. There-
fore, the online modality perhaps reduced or buffered 
Black adolescents from adverse mental health outcomes 
influenced by their concerns about inadequate safety 
measures in in-person learning, SARS-CoV-2 transmis-
sion from schools to families at home, and racism-related 
anxiety [4, 14–17].

Consistent with previous studies of U.S. adolescents 
[2, 17], adolescents reporting hybrid learning reported 
higher levels of depressive symptomatology than those 
reporting in-person learning. The association did not 
seem to vary by race and ethnicity. The finding may 
reflect that hybrid learning often varies on the number of 

in-person and online learning days, which may increase 
stress from managing daily routines [2].

As we continue to live with the impacts of COVID-
19, concerns will remain about the long-term effects of 
school modality on the mental health of adolescents. This 
study identified the moderating influence of race and 
ethnicity on the association between pandemic school 
modality and adolescents’ mental health, but additional 
research is warranted. It should also be stressed that 
ensuring reliable access to broadband internet and com-
puter devices among students from minoritized eth-
noracial groups must be a priority for future pandemic 
response efforts to avoid any learning decline or nega-
tive mental health consequences associated with lacking 
resources for online learning [7, 8].

Future research on how returning to in-person school-
ing after the pandemic impacted adolescents’ men-
tal health and how that varied by race and ethnicity is 
needed to improve our understanding of the relationship 
between school modality and mental health among ado-
lescents from different ethnoracial groups. These efforts 
can help inform ethnoracially equitable intervention 
strategies to support the mental well-being of children 
and adolescents across different learning modalities in 
the future.

Limitations
This study has several limitations. First, responses from 
this English-language self-reported survey may not 
represent the broader U.S. adolescent population, spe-
cifically because it likely lacks perspectives from the 
5  million English Learners in U.S. K-12 school systems 
who were disproportionately impacted by digital access 
gaps during the COVID-19 pandemic [18]. Second, the 
study lacks details on respondents’ mental health before 
the pandemic. Had data been available before the pan-
demic, we could have formally examined whether online 

Fig. 1 Marginal effects of school modality (reference: in-person learning) on anxiety and depression with 95% Confidence Interval. *p < 0.05; +p < 0.10
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learning buffered mental health consequences due to 
racist encounters in in-person learning for Black ado-
lescents. Lastly, reliance on a cross-sectional design 
impedes inferring causality between school modality and 
mental health by race and ethnicity.

Despite these limitations, this study has implications 
for adolescents, families, school administrators, men-
tal health practitioners, and policymakers. It is critically 
important to mitigate racial and ethnic disparities in 
adolescents’ mental health. Black adolescents report-
ing online learning reported less anxiety and depression 
during the pandemic. As with benefits accruing from 
expanding telehealth modalities [13], findings demon-
strated that adopting technologies to facilitate virtual 
access to schools during the pandemic appears to have 
equity-promoting effects. Given disparities in access 
to broadband internet during this time, it is important 
to ensure resources are in place to enable any potential 
equity-promoting effects [8, 19]. Policymakers and men-
tal health practitioners need to recognize the differen-
tial association between school modality and mental 
health by race and ethnicity rather than blanketing the 
positive association between in-person schooling and 
adolescents’ mental health and the negative association 
between online learning and adolescents’ mental health.

As most schools have returned to in-person learning, 
interventions should be explored to promote in-per-
son school environments that better support the men-
tal health of Black adolescents [1, 17]. Further research 
is needed to concretely identify the specific pathways 
through which online learning supported mental health 
and determine if benefits can be replicated across modal-
ities. Lastly, results from this study can assist families and 
schools in mitigating ethnoracial disparities in adolescent 
mental health associated with school modality during 
future pandemics and even now, since online learning 
remains in lesson plans, at least in part.

Conclusion
This study adds a snapshot of how the relationship 
between school modality and mental health outcomes 
among U.S. adolescents during the pandemic varied by 
race and ethnicity. The findings highlight that the online 
learning school modality was only negatively associated 
with White adolescents’ mental health, while it was posi-
tively associated with Black adolescents’ mental health. 
Our study suggests that as schools have resumed in-per-
son learning, families, and schools should work to create 
school environments that better promote mental health 
among minoritized racial groups. Lastly, prioritizing reli-
able access to broadband internet and computer devices 
will improve online learning accessibility and promote 
mental well-being, particularly for adolescents from 

minoritized ethnoracial groups during instances of future 
pandemic.

Acknowledgements
 We would like to thank the adolescents from the AmeriSpeak Teen Panel for 
participating in this study.

Author contributions
VTR contributed to designing the research question, interpreting the results, 
and drafting the manuscript. LL and CC contributed to writing the grant 
proposal and designing the overall research. LL contributed to designing 
the research question and reviewing the manuscript. CC contributed to 
analyzing and interpreting the data and reviewing the manuscript. All authors 
contributed to reviewing relevant literature and revising the manuscript.

Funding
This study was funded by a grant from the Technology and Adolescent-Mental 
Wellness program at the University of Wisconsin-Madison, United States.

Data availability
The data that support the findings of this study are available from the third 
author, upon reasonable request.

Declarations

Ethics approval and consent to participate
The National Opinion Research Center’s institutional review board approved 
this study. Parents or guardians and their children provided informed consent 
and assent, respectively.

Competing interests
The authors declare no competing interests.

Received: 15 September 2023 / Accepted: 26 June 2024

References
1. Hertz MF, Kilmer G, Verlenden J, Liddon N, Rasberry CN, Barrios LC, et al. 

Adolescent mental health, connectedness, and mode of school instruction 
during COVID-19. J Adolesc Health. 2022;70(1):57–63.

2. Verlenden JV, Pampati S, Rasberry CN, Liddon N, Hertz M, Kilmer G, et al. 
Association of children’s mode of school instruction with child and parent 
experiences and well-being during the COVID-19 pandemic—COVID experi-
ences survey, United States, October 8–November 13, 2020. Morb Mortal 
Wkly Rep. 2021;70(11):369–76.

3. Penner F, Hernandez Ortiz J, Sharp C. Change in youth mental health during 
the COVID-19 pandemic in a majority Hispanic/Latinx US sample. J Am Acad 
Child Adolesc Psychiatry. 2021;60(4):513–23.

4. Bogan E, Adams-Bass VN, Francis LA, Gaylord‐Harden NK, Seaton EK, Scott 
JC, et al. Wearing a mask won’t protect us from our history: the impact of 
COVID‐19 on Black children and families. Soc Policy Rep. 2022;35(2):1–33.

5. Jones SE, Ethier KA, Hertz M, Degue S, Le VD, Thornton J, et al. Mental health, 
suicidality, and connectedness among high school students during the 
COVID-19 pandemic — adolescent behaviors and experiences Survey, 
United States, January–June 2021. Morb Mortal Wkly Rep. 2022;71(3):16–21.

6. Hawrilenko M, Kroshus E, Tandon P, Christakis D. The association between 
school closures and child mental health during COVID-19. JAMA Netw Open. 
2021. https://doi.org/10.1001/jamanetworkopen.2021.24092.

7. Saulle R, De Sario M, Bena A, Capra P, Culasso M, Davoli M, et al. School clo-
sures and mental health, wellbeing and health behaviours among children 
and adolescents during the second COVID-19 wave: a systematic review of 
the literature. Epidemiol Prev. 2022;46(5–6):333–52.

8. Fisher HH, Hawkins GT, Hertz M, Sliwa S, Beresovsky V. Student and 
school characteristics associated with COVID-19-related learning decline 
among middle and high school students in K-12 schools*. J Sch Health. 
2022;92(11):1027–39.

https://doi.org/10.1001/jamanetworkopen.2021.24092


Page 7 of 7Rai et al. Child and Adolescent Psychiatry and Mental Health           (2024) 18:83 

9. Kroenke K, Spitzer RL, Williams JBW, Löwe B. The Patient Health Questionnaire 
somatic, anxiety, and depressive symptom scales: a systematic review. Gen 
Hosp Psychiatry. 2010;32(4):345–59.

10. Lenz AS, Li C. Evidence for Measurement Invariance and Psychometric 
Reliability for scores on the PHQ-4 from a rural and predominately Hispanic 
community. Meas Evaluation Couns Dev. 2022;55(1):17–29.

11. Löwe B, Wahl I, Rose M, Spitzer C, Glaesmer H, Wingenfeld K, et al. A 4-item 
measure of depression and anxiety: validation and standardization of the 
Patient Health Questionnaire-4 (PHQ-4) in the general population. J Affect 
Disord. 2010;122(1–2):86–95.

12. Zellner A. An efficient method of estimating seemingly unrelated regressions 
and tests for aggregation bias. J Am Stat Assoc. 1962;57(298):348–68.

13. Campos-Castillo C, Laestadius LI. Mental health care utilization, modalities, 
and disruptions during spring 2021 of the COVID-19 pandemic among U.S. 
adolescents. J Adolesc Health. 2022;71(4):512–5.

14. Mpofu JJ, Cooper AC, Ashley C, Geda S, Harding RL, Johns MM et al. Perceived 
racism and demographic, mental health, and behavioral characteristics 
among high school students during the COVID-19 pandemic—Adoles-
cent Experiences and Behaviors Survey, United States, January–June 2021 
[Supplemental material]. Morbidity and Mortality Weekly Report [Internet]. 
2022;71(3):22–27. https://www.cdc.gov/mmwr/volumes/71/su/su7103a4.
htm

15. Kitzmiller EM, Drake Rodriguez A. Addressing our nation’s toxic school infra-
structure in the wake of COVID-19. Educational Researcher. 2022;51(1):88–92.

16. MacIntyre MM, Zare M, Williams MT. Anxiety-related disorders in the context 
of racism. Current Psychiatry Reports. 2023;25:31–43.

17. Cingel DP, Lauricella AR, Taylor LB, Stevens HR, Coyne SM, Wartella E. US ado-
lescents’ attitudes toward school, social connection, media use, and mental 
health during the COVID-19 pandemic: differences as a function of gender 
identity and school context. PLoS ONE. 2022;17(10):e0276737.

18. Lazarin M. English learner testing during the pandemic: an early readout and 
look ahead [Internet]. 2022. https://www.migrationpolicy.org/sites/default/
files/publications/mpi_el-testing-pandemic_final.pdf

19. Dorn E, Hancock B, Sarakatsannis J, Viruleg E. COVID-19 and learning loss-
disparities grow and students need help. McKinsey & Company. 2020;8:6–7.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.

Vijaya Tamla Rai is an Assistant Professor of Sociology at Montana State 
University.

Linnea Irina Laestadius  is an Associate Professor of Public Health Policy at 
the University of Wisconsin-Milwaukee.

Celeste Campos-Castillo is an Associate Professor of Media and Information 
at Michigan State University.

https://www.cdc.gov/mmwr/volumes/71/su/su7103a4.htm
https://www.cdc.gov/mmwr/volumes/71/su/su7103a4.htm
https://www.migrationpolicy.org/sites/default/files/publications/mpi_el-testing-pandemic_final.pdf
https://www.migrationpolicy.org/sites/default/files/publications/mpi_el-testing-pandemic_final.pdf

	School modality, race and ethnicity, and mental health of U.S. adolescents during the COVID-19 pandemic
	Abstract
	Background
	Methods
	Participants
	Measures
	Statistical analysis

	Results
	Characteristics of respondents
	Regression without interaction
	Regression with interaction

	Discussion
	Limitations

	Conclusion
	References


