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Longitudinal impact of COVID‑19 
pandemic on mental health 
of children in the ABCD study 
cohort
Sayo Hamatani1,2,3,4,6, Daiki Hiraoka1,5,6, Kai Makita1,2, Akemi Tomoda1,2,3 & 
Yoshifumi Mizuno1,2,3*

A large longitudinal study on the impact of the COVID‑19 pandemic on mental health in children 
is limited. This large‑scale longitudinal observational study examines the pandemic’s effects on 
children’s mental health while considering the effects of parental care styles. The Adolescent Brain 
Cognitive Development Study is a large‑scale, longitudinal multicenter study in the United States. 
Of the 11,875 children aged 9–12 years in its database, 4702 subjects were selected for this study. 
The child behavior checklist and parental monitoring questionnaire (PMQ) were used to assess 
children’s mental health and parental support styles, respectively. Data collected before and during 
the pandemic were compared. Withdrawn/depressed and attention problems significantly worsened 
during compared to before the COVID‑19 pandemic (p < 0.001, withdrawn/depressed; 53.4 ± 5.7 to 
53.7 ± 5.9, attention problems; 53.4 ± 5.4 to 53.6 ± 5.6). However, the T scores are in the normal range 
both before and during the crisis. Simple slope analysis found withdrawn/depressed problems and 
aggressive behavior worsened when the PMQ was 1 SD below the mean, and rule‑breaking behavior 
was improved when the PMQ was 1 SD above the mean. While the COVID‑19 pandemic exacerbated 
children’s depressive symptoms and attention issues, the effects may be minor. Additionally, parental 
involvement serve as a protective factor for the child’s mental health even during the pandemic.

The Coronavirus 2019 (COVID-19) pandemic originated in late  20191. According to the World Health Organi-
zation (WHO), as of December 14, 2021, more than 260 million people have been infected and more than 53 
million have died due to the  virus2. The United States accounted for about one in five COVID-19 infections 
worldwide, and the number of children infected in the United States has climbed to about 7.2 million in Decem-
ber 9  20213. Globally, people have incorporated measures in their daily lives to curb the spread of COVID-194. 
The situation raises concerns over the virus’s impact on mental  health5. The percentage of children who have 
visited the emergency department in hospitals due to mental health problems has increased by 31–50% in the 
United States since the onset of the  pandemic6,7. School closures to maintain social distancing norms can disrupt 
children’s physical activities and social interactions, and affect their mental health.

A meta-analysis covering 29 studies showed that the percentage of children who experienced high clinical 
anxiety and depression increased to about 20–25%, doubling from the pre-pandemic  numbers8. However, most 
of these studies were cross-sectional; a longitudinal study is required to investigate the COVID-19 pandemic’s 
effects on children’s mental health. Indeed, the few longitudinal investigations conducted have reported increased 
mental health problems such as depression and  anxiety9–12. Conversely, a longitudinal study in southwest Eng-
land reported an overall reduced risk of anxiety, no significant changes in the risk of depression, and enhanced 
wellbeing during the  pandemic13. Thus, the results of previous longitudinal studies that included pre-pandemic 
data are inconsistent; it is unclear whether the COVID-19 pandemic has a negative effect on the mental health 
of children. Hence, it is necessary to additionally investigate the impact of the pandemic on children’s mental 
health using large longitudinal data.
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Additionally, parental involvement affects the overall mental health of the  child14 and even has a lasting effect 
on the development of the child’s personality and other psychological  characteristics15,16. A proper parenting 
style strengthens family ties and meets the child’s psychological  needs17. In addition, a proper parenting style 
reduces children’s clinical symptoms and behavioral  problems18,19. In particular, perceived family connectedness 
is likely to have a protective effect on a child’s mental health during traumatic events such as  disasters20. There-
fore, in a long-term public health crisis, such as the COVID-19 pandemic, parent–child connections appear to 
be crucial for children’s mental health. Moreover, as quarantine measures continue, children inevitably spend 
more time at home with their parents and it is worth investigating to what extent parental involvement affects 
a child’s mental health during the pandemic. Although an online cross-sectional study in China has reported 
that parent–child communication is important for children’s mental or behavioral health during the  pandemic21, 
there is limited evidence of the impact of the frequency of such communication and parent–child involvement 
on a child’s mental health.

Given this gap, we used samples from the large, longitudinal Adolescent Brain Cognitive Development 
(ABCD) Study to investigate the mental health of children before and during the COVID-19 pandemic. The 
largest long-term study of brain development and child health in the United States, the ABCD Study has targeted 
more than 10,000 children aged 9–10 since  201522. By using the data from this study, it is possible to infer large-
scale longitudinal data, including pre-pandemic data. Therefore, the purpose of this study is two-fold: First, to 
test the hypothesis that children’s mental health has worsened during the COVID-19 pandemic compared to 
pre-pandemic times; second, to test the hypothesis that parental involvement serves as a protective factor for 
children’s mental health during the pandemic.

Method
Participants. Participants selected for the present study were already enrolled in the ongoing Adolescent 
Brain Cognitive Development (ABCD) Study. A sample of 11,875 children aged 9–10 enrolled at 21 study sites 
across the United  States22. Of these, a group who have CBCL data after the beginning of the COVID-19 pan-
demic (March 1, 2020) in the third-year follow-up data in the ABCD Study were defined as “during the COVID-
19 pandemic” (4885 children), and a group who had CBCL data before the COVID-19 pandemic in the second-
year follow-up data in the ABCD Study, were defined as “before the COVID-19 pandemic” (4702 children) in 
this study. The data before the COVID-19 pandemic were collected from August 4, 2018, to February 29, 2020, 
and the data during the COVID-19 pandemic were collected from March 1, 2020, to January 15, 2021 (Fig. 1). 
We have included a flowchart in the Supplementary Materials to illustrate the process. The data was sourced 
from the NIMH Data Archive website (https:// data- archi ve. nimh. nih. gov/ abcd). The present study mainly 
used data from the ABCD 4.0 data release (http:// dx. doi. org/ 10. 15154/ 15230 41). Full recruitment details of the 
ABCD Study are described in the  literature23. All parents provided written informed consent and all children 
provided assent. All procedures complied with the Declaration of Helsinki. The research protocol was approved 
by the Ethics Review Committee of the University of Fukui (Assurance No. FU-20210067). This study followed 
the Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) reporting guideline.

Measures. Demographic variables and additional covariates. The following covariates were dummy coded: 
race/ethnicity (White, Black, Hispanic, Asian, and other), twin or triplet status, and sex. Annual household 
income was treated as a 5-level categorical variable. Based on a previous  study24, the first 5 of the 10 household 
income levels were collectively assigned a value of 1 (i.e., < $50,000). The subsequent categories used were coded 
as 2 ($50,000–$74,999), 3 ($75,000–$99,999), 4 ($100,000–$199,999), and 5 ($200,000 or more), respectively (see 
Table 1). Moreover, parental educational level was included as a continuous covariate in terms of years of study. 

Figure 1.  Distribution of samples before and during the Covid-19 pandemic.

https://data-archive.nimh.nih.gov/abcd
http://dx.doi.org/10.15154/1523041
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It was recoded as follows: 12th grade, high school, and general education development = 12 years; some college 
and associate degree = 14 years; bachelor’s degree = 16 years; master’s degree = 18 years; professional and doctoral 
degrees = 20 years.

To assess the mental health of children before and during the pandemic, we used the Child Behavior Check-
list (CBCL) (file name: abcd_cbcls01). Similarly, we used the third-year the Parental Monitoring Questionnaire 
(PMQ) data to assess parental involvement during the pandemic.

Child Behavior Checklist (CBCL). The Child Behavior Checklist (CBCL)25,26 is a questionnaire for parents to 
assess behavioral and emotional problems of children. The CBCL consists of 113 questions that measure aspects 
of children’s behavior over six months and is scored on a 3-point Likert scale (0 = not true; 1 = somewhat or 
sometimes true; 2 = very true or often true). The CBCL comprises a total score, two broad-band scales (inter-
nalizing and externalizing problems), and eight syndrome scales (anxious/depressed, withdrawn/depressed, 
somatic complaints, social problems, thought problems, attention problems, aggressive behavior, and rule-
breaking behavior). The higher the score, the greater the problem. All scores were recorded as t-scores and uti-
lized. T-scores ⩾ 70 on the eight syndrome scales and ⩾ 64 on the internalizing, externalizing, and total problems 
scales indicates placement in the clinical range. T-scores in the borderline range (65–69 on the eight syndrome 
scales, 60–63 on the internalizing, externalizing, and total problems scales) suggest cause for concern. Scores 
below this level are in the normal  range26.

Parental Monitoring Questionnaire (PMQ). The Parental Monitoring Questionnaire (PMQ)27 is a self-adminis-
tered, 5-item questionnaire for children to measure parental monitoring and supervision. The PMQ consists of 
the following categories: parental monitoring of location; parental monitoring of who their children spend time 
with; parent and child contact; child disclosure; and parental monitoring via family dinner frequency. The range 
of all items was 1–5 (1 = Never; 2 = Almost Never; 3 = Sometimes; 4 = Often; 5 = Always or Almost Always). An 
average score was calculated based on all five items; the higher the score, the higher the frequency of the parents’ 
monitoring behavior.

Statistical analyses. All analyses were performed using R version 4.1.128. The effects of the pandemic were ana-
lyzed by comparing the data obtained before and during the COVID-19 pandemic. Models for the CBCL out-
come were estimated using a linear mixed-effects design using the ImerTest  package29 after centering the inde-
pendent variable with the average value. Key predictors for each model included PMQ, time, and PMQ × time. 
Time was recoded as follows: before the COVID-19 pandemic = −0.5, during the COVID-19 pandemic = 0.5. 
Covariates included age at before the COVID-19 Pandemic, sex, parental education, household income, race, 
twin, and triplet, while random intercepts details included individual, sibling, and location information (file 
name: abcd_lt01). Furthermore, to understand the characteristics of the interaction, a simple slope analysis 
was performed on the variables for which interactions showed significant differences pre- and during the pan-
demic (withdrawn/depressed, rule-breaking, and aggressive behaviors). Similarly, simple slope analysis were 

Table 1.  Demographics and study sample. M mean, SD standard deviation.

Characteristic

M ± SD
N = 4702

M ± SD
N = 4885

Child age (month) 143.5 ± 7.8 154.5 ± 7.8

Education (years)

Mother 15.5 ± 2.5 15.5 ± 2.5

Father 15.3 ± 2.8 15.3 ± 2.8

N (%)

Sex

Male 2477 (53%) 2576 (53%)

Female 2225 (47%) 2309 (47%)

Race

White 2731 (58%) 2817 (58%)

Hispanic 899 (19%) 947 (19%)

Black 495 (11%) 518 (11%)

Asian 110 (2.3%) 117 (2.4%)

Income

< $50,000 1062 (24%) 1113 (24%)

$50,000–74,999 587 (13%) 613 (13%)

$75,000–99,999 676 (15%) 695 (15%)

$100,000–199,999 1479 (34%) 1523 (33%)

≥ $200,000 584 (13%) 611 (13%)
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performed for each sub-item of PMQ as well. Additionally, a linear mixed-effects analysis was performed for 
the groups that did and did not exceed the boundary area of the T-score before the pandemic, respectively, to 
investigate whether the change in score differs depending on the level of CBCL. Lastly, to examine the impact of 
attrition, baseline data were compared using the Welch Two Sample t-test with and without data up to the third 
year. All p values were two-tailed, and the results were deemed statistically significant at p < 0.05 (Bonferroni-
corrected). We removed the data of participants who were missing one or more variables.

Results
Data of 4702 and 4885 children were obtained from before and during the COVID-19 pandemic. Characteristics 
of these subjects are provided in Table 1. The average values of CBCL and PMQ before and during the COVID-
19 pandemic are shown in Table 2.

Regarding the CBCL, the main effects of time were significant after multiple testing correction: withdrawn/
depressed (p < 0.001) and attention problems (p < 0.001). Except for somatic complaints, the main effects of PMQ 
were significant after multiple testing correction; anxious/depressed (p < 0.05) and social problems (p < 0.01) were 
significant and all others (i.e., internalizing problem, externalizing problem, withdrawn/depressed, thought prob-
lems, attention problems, rule-breaking behavior, and aggressive behavior) were significant at below 0.1% levels 
(p < 0.001). In addition, the interactions between parent monitoring behavior and time point of the withdrawn/
depressed, rule-breaking behaviors, and aggressive behaviors were significant; however, after multiple testing 
correction, significant difference was observed in only withdrawn/depressed (see Table 3). Table S1 to Table S11 
in the supplementary materials show full results.

The withdrawn/depressed and aggressive behavior of the CBCL showed a significant positive association 
with time point (i.e., worsened) when parent monitoring behavior was 1 SD below the mean, but there was no 
significant effect when parent monitoring behavior was 1 SD above the mean (see Table 4 and Fig. 2). Addition-
ally, the rule-breaking behavior of the CBCL showed a significant negative association with time point (i.e., 
reduced) when parent monitoring behavior was 1 SD above the mean, but the change was not significant when 
it was 1 SD below the mean.

Furthermore, the group that exceeded the pre-pandemic CBCL reference value and the group that did not 
exceed it were analyzed separately (see Table S12 and Table S13 in the supplementary file) to investigate whether 
there was a difference in the change depending on the severity of the pre-pandemic CBCL. When CBCL scores 
before the pandemic exceeded the reference value, the main effects of time were significant (i.e., reduced) after 
multiple testing corrections at p < 0.001. In addition, in all scales after multiple testing corrections, no significant 
difference was observed for the main effects of PMQ and the interactions between parent monitoring behavior 
and the time point of the CBCL.

On the other hand, when the CBCL score before the pandemic did not exceed the reference value, the main 
effects of time were significant (i.e., worsened) after multiple testing corrections, excluding rule-breaking behav-
ior. This finding includes somatic complaints (p < 0.01) and all others (i.e., total score, internalizing problem, 
externalizing problem, withdrawn/depressed, somatic complaints, social problems, thought problems, attention 
problems, aggressive behavior, anxious/depressed) (p < 0.001). Except for somatic complaints, the main effects of 
PMQ were significant after multiple testing corrections: anxious/depressed and social problems (p < 0.01), and all 
others (i.e., total score, internalizing problem, externalizing problem, withdrawn/depressed, thought problems, 
attention problems, and rule-breaking and aggressive behaviors) (p < 0.001). In addition, the interactions between 
parent monitoring behavior and the time of the withdrawn/depressed (p < 0.001), rule-breaking behaviors and 
aggressive behaviors (p < 0.01) were significant after multiple testing corrections.

In addition, the interactions between parent monitoring behavior (sub-item4: child disclosure) and time point 
of the withdrawn/depressed, rule-breaking behaviors were significant (p < 0.05). However, after multiple testing 

Table 2.  Child behavior checklist and parent–child relationships before and during the COVID-19 pandemic. 
M mean, SD standard deviation, CBCL child behavior checklist, PMQ parental monitoring questionnaire.

CBCL (T-score)

Before COVID-19 pandemic During COVID-19 pandemic

N = 4702 N = 4885

Mean ± SD Mean ± SD

Total score 44.8 ± 11.0 44.9 ± 11.3

Internalizing problem 47.8 ± 10.4 47.9 ± 10.5

Externalizing problem 44.3 ± 9.6 44.4 ± 9.5

Withdrawn/depressed 53.4 ± 5.7 53.7 ± 5.9

Somatic complaints 54.6 ± 5.8 54.4 ± 5.8

Social problems 52.6 ± 4.7 52.6 ± 4.8

Thought problems 53.6 ± 5.7 53.6 ± 5.7

Attention problems 53.4 ± 5.4 53.6 ± 5.6

Rule-breaking behavior 51.9 ± 3.9 51.9 ± 3.8

Aggressive behavior 52.3 ± 4.8 52.3 ± 4.8

Anxious/depressed 53.2 ± 5.8 53.3 ± 6.0

PMQ – 4.40 ± 0.49
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corrections, there were no significant differences (see Table S14). The result of simple slope analysis in PMQ 
sub-item 4 (child disclosure) was similar to that of the overall mean value of PMQ (see Table S15 and Fig. S2).

A significant difference was found in externalizing problem, social problems, attention problems, and 
rule-breaking behavior and aggressive behavior comparing the groups with and without third-year data (see 
Table S16).

Table 3.  Effects of parent monitoring and time point on mental health in children. ***p < 0.001, **p < 0.01, 
*p < 0.05.

Outcome Variable B 95%CI R2 p value Bonferroni corrected p value β

CBCL

Total score

Time 0.208 − 0.043 to 0.459

0.050

0.105 1.000 0.019

PMQ − 2.636 − 3.297 to − 1.975 < 0.001*** < 0.001*** − 0.237

Time: PMQ − 0.213 − 0.749 to 0.322 0.435 1.000 − 0.019

Internalizing problem

Time 0.139 − 0.132 to 0.411

0.040

0.315 1.000 0.013

PMQ − 1.872 − 2.510 to − 1.234 < 0.001*** < 0.001*** − 0.179

Time: PMQ − 0.176 − 0.755 to 0.404 0.553 1.000 − 0.017

Externalizing problem

Time 0.251 0.020 to 0.481

0.036

0.033 0.362 0.026

PMQ − 2.206 − 2.785 to − 1.627 < 0.001*** < 0.001*** − 0.231

Time: PMQ − 0.396 − 0.887 to 0.095 0.114 1.000 − 0.041

Withdrawn/depressed

Time 0.370 0.203 to 0.537

0.040

< 0.001*** < 0.001*** 0.064

PMQ − 1.669 − 2.021 to − 1.317 < 0.001*** < 0.001*** − 0.290

Time: PMQ − 0.518 − 0.874 to − 0.162 0.004** 0.048* − 0.090

Somatic complaints

Time − 0.132 − 0.309 to 0.044

0.029

0.142 1.000 − 0.023

PMQ − 0.346 − 0.682 to − 0.010 0.044* 0.483 − 0.060

Time: PMQ − 0.088 − 0.464 to 0.289 0.648 1.000 − 0.015

Social problems

Time − 0.002 − 0.128 to 0.124

0.023

0.976 1.000 − 0.000

PMQ − 0.611 − 0.893 to − 0.329 < 0.001*** 0.002** − 0.129

Time: PMQ 0.043 − 0.226 to 0.311 0.754 1.000 0.009

Thought problems

Time − 0.012 − 0.166 to 0.141

0.027

0.875 1.000 − 0.002

PMQ − 0.925 − 1.276 to − 0.573 < 0.001*** < 0.001*** − 0.162

Time: PMQ − 0.023 − 0.351 to 0.304 0.889 1.000 − 0.004

Attention problems

Time 0.272 0.142 to 0.402

0.033

< 0.001*** < 0.001*** 0.049

PMQ − 1.361 − 1.699 to − 1.023 < 0.001*** < 0.001*** − 0.247

Time: PMQ − 0.208 − 0.485 to 0.069 0.140 1.000 − 0.038

Rule-breaking behavior

Time − 0.008 − 0.106 to 0.090

0.034

0.877 1.000 − 0.002

PMQ − 0.843 − 1.051 to − 0.636 < 0.001*** < 0.001*** − 0.219

Time: PMQ − 0.264 − 0.473 to − 0.056 0.013* 0.143 − 0.069

Aggressive behavior

Time 0.117 − 0.000 to 0.233

0.027

0.050 0.553 0.024

PMQ − 0.941 − 1.221 to − 0.661 < 0.001*** < 0.001*** − 0.196

Time: PMQ − 0.309 − 0.558 to − 0.060 0.015* 0.167 − 0.064

Anxious/depressed

Time 0.100 − 0.061 to 0.261

0.020

0.223 1.000 0.017

PMQ − 0.585 − 0.949 to − 0.222 0.002** 0.018* − 0.099

Time: PMQ − 0.261 − 0.604 to 0.081 0.135 1.000 − 0.044

Table 4.  Relationship between parent monitoring behavior strength and time point. SD standard deviation, 
CBCL child behavior checklist, PMQ parental monitoring questionnaire.

Outcome Variable B 95%CI R2 p value

CBCL

Withdrawn/depressed
1 SD above the mean of PMQ: Time 0.113 − 0.122 to 0.349 0.040 0.344

1 SD below the mean of PMQ: Time 0.626 0.376 to 0.876  < 0.001***

Rule-breaking behavior
1 SD above the mean of PMQ: Time − 0.138 − 0.276 to − 0.001 0.034 0.049 *

1 SD below the mean of PMQ: Time 0.123 − 0.024 to 0.270 0.100

Aggressive behavior
1 SD above the mean of PMQ: Time − 0.036 − 0.200 to 0.128 0.027 0.667

1 SD below the mean of PMQ: Time 0.269 0.094 to 0.444 0.003***
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Figure 2.  Simple slope analysis. Simple slopes analysis of cross-level interaction of PMQ and time point in 
mental health such as withdrawn/depressed, rule-breaking behavior, and aggressive behavior. Between the 
withdrawn/depressed and the time point, and aggressive behavior and the time point showed a significant 
positive association when PMQ was 1 SD below the mean. As well, the rule-breaking behavior and the time 
point showed a negative association when PMQ was 1 SD above the mean. Notes. SD: standard deviation; −1SD: 
1SD below the mean of PMQ; +1SD: 1SD above the mean of PMQ; PMQ: Parental Monitoring Questionnaire.
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Discussion
The purpose of this study was to investigate the effect of the COVID-19 pandemic on the mental health of 
children and the effect of parental involvement during the pandemic. We used longitudinal observational data 
from a large sample of the ABCD Study. A total of 4885 children were analyzed in the study, adjusted for PMQ 
scores, and then analyzed for changes in CBCL scores before and after the onset of the pandemic. Our findings 
suggest that the COVID-19 pandemic has a minor adverse effect on children’s mental health. We also found that 
the degree of involvement between the child and the parent and parenting style affects a child’s mental health 
even in the face of the pandemic. For each, we will interpret the results obtained below.

First, we hypothesized that mental health problems in children would worsen over time due to the COVID-19 
pandemic. The study results support our hypothesis. The emotional problem exacerbated by this pandemic was 
depression. This finding is consistent with previous studies and shows that depressive symptoms in children are 
exacerbated by the COVID-19  pandemic30–35, as is the case in  adults35–37. However, the withdrawn/depressed 
behavior went from an average of 53.4 ± 5.7 pre-pandemic to 53.7 ± 5.9 since the onset of the pandemic, which is a 
change of only 0.3. Additionally, these values from before and during the COVID-19 pandemic are in the normal 
range. While the worsening of depressive tendencies for children was statistically significant, the magnitude of 
deterioration was clinically minor; hence, caution is warranted in the interpretation of these results. Next, this 
change was similar for attention, which worsened albeit only slightly clinically; the average attention problems 
went from 53.4 ± 5.4 pre-pandemic to 53.6 ± 5.6 since the onset of the pandemic. Interestingly, the results of 
our study did not uncover any effects on anxiety or physical complaints. Previous studies have reported that 
the COVID-19 pandemic does not exacerbate children’s emotional  problems38,39. Rather, emotional problems 
of children aged 11–16 reportedly diminished in the United  Kingdom38. A longitudinal study of about 1000 
children in England reported a fair reduction in anxiety  overall39. These results are consistent with our findings 
that the COVID-19 pandemic has no effect on children’s anxiety. Moreover, our findings showed that children’s 
behavioral problems were unaffected by the pandemic. This result is consistent with the findings of an online 
cross-sectional study of 1264 children (aged 2–6) and their parents in two primary schools in Hubei,  China40. 
Hence, mental health problems, such as anxiety and behavioral issues commonly observed in children, seemed 
to be largely unaffected by the pandemic.

Additionally, we investigated whether there were differences in mental health changes between children who 
had already experienced severe symptoms prior to the pandemic and those who did not. Interestingly, if the 
mental health symptoms were initially severe, all mental health symptoms improved significantly during the 
pandemic. This improving trend might be a regression to the mean. Thus, it should be interpreted with caution. 
Nevertheless, this finding may indicate that children who initially had interpersonal problems moved away 
from the community, reducing their interpersonal problems and improving mental health. The previous study 
reported that children perceive home isolation positively rather than negatively, which reduces psychological 
distress and increases life  satisfaction41. In contrast, children who did not exceed the cutoff before the pandemic 
had worsening mental health during the pandemic, excluding rule-breaking behavior. The interaction between 
lifestyle changes and the psychosocial stress of staying at home may further exacerbate the adverse effects on 
children’s mental  health39. However, the change in the t-score of CBCL was less than 1 point at maximum. Con-
sidering that the t-score is in the normal range, the pandemic may have hardly affected children whose mental 
health was initially stable. Most children have functioned at the same or higher levels since the pandemic and 
are satisfied with their current living  conditions41.

Subsequently, we verified the hypothesis that parental involvement serves as a protective factor for a child’s 
mental health even during the pandemic. Parental involvement positively affected children’s mental health, emo-
tional, and behavioral aspects. In particular, when parents and their children engaged in frequent conversations 
and parental understanding of their child’s condition was high, rule-breaking decreased; when such involvement 
was weak, the child’s depression and aggressive behavior increased. A cross-sectional study of 1655 parents 
and children in China found that parental attitudes and intimacy with children are positively correlated with 
the child’s mental or behavioral  health21. These results are consistent with those of our study, which shows that 
parental child-rearing styles have a crucial impact on children’s mental health. Our study is a large longitudinal 
study of children living in the United States, which has the highest number of COVID-19  infections42. As far as 
we know, it is the first time that parental involvement has been shown to influence the mental health of children 
in the United States. During home confinement, children generally interact the most with parents and caregivers; 
so early detection and care of children’s mental health problems can prevent  deterioration43. This finding may 
demonstrate that parents and caregivers impact their children’s mental health.

In particular, on analyzing each PMQ sub-item, it is found that less rule-breaking occurs when children com-
municate clearly with parents about their plans for school or activities with friends. In contrast, less disclosure is 
associated with increased depression. In other words, it might be necessary for parents and children to commu-
nicate frequently and fully about their daily lives, not merely about the negative aspects. Frequent conversations 
about the pandemic and expressions of unpleasant emotions affect externalizing and internalizing symptoms in 
 children44. Rumination was positively associated with depressive symptoms in children aged 9 and  1245. Those 
who were not optimistic about the onset of a pandemic were at higher risk of depressive symptoms than those 
who  were46. Therefore, encouraging parents to communicate more fully with their children and consider the 
positive aspects may prevent deteriorating mental health during the pandemic.

While our findings bring great benefits to this area of study, our research has limitations. First, we set March 
1, 2020, as the start date of the COVID-19 pandemic, and analyzed those subjects who consented to provide 
third-year follow-up data from March 1, 2020, onwards. However, the period from March 1, 2020, to the date 
of actual data acquisition varies by subject, that is, the impact of the duration of the pandemic at the point of 
data collection has not been considered. In addition, whether there were various restrictions such as lockdowns 
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and social interactions during these periods may vary depending on the area in which they live. The impact of 
the pandemic on children’s mental health may differ between the early stages of the pandemic and the stages of 
progress and recovery. In the future, it may be necessary to consider accumulative data across time included the 
mechanism. Second, we examined whether there was a difference between those participants with and without 
third-year data. We found that those without third-year data had slightly higher CBCL scores. Therefore, if the 
analysis had included people who withdrew from the study, overall child mental health may have been some-
what improved. Third, children’s mental health was investigated using the parent’s assessment, and the degree 
of parental involvement was investigated using the children’s assessment in this study. In the future, both child 
and parental reports should be included to ensure data accuracy.

In conclusion, the results of this study indicate that the COVID-19 pandemic may slightly exacerbate depres-
sion and attention problems in children. On the other hand, if the mental health symptoms were severe before the 
pandemic, all mental health symptoms improved during the crisis. Additionally, even during the global public 
health crisis caused by COVID-19, positive parent–child relationships have a protective impact on pubescent 
children’s mental health in the United States. Therefore, increasing parent–child involvement is critical to chil-
dren’s overall mental health even during the COVID-19 pandemic.

Data availability
The ABCD Study anonymized data, including all assessment domains, are released annually to the research 
community. Information on how to access ABCD data through the NDA is available on the ABCD Study data-
sharing webpage: https:// abcds tudy. org/ scien tists_ data_ shari ng. html. Instructions on how to create an NDA 
study are available at https:// nda. nih. gov/ train ing/ modul es/ study. html. The ABCD data repository grows and 
changes over time. The ABCD data used in this report came from the ABCD 4.0 data release (http:// dx. doi. org/ 
10. 15154/ 15230 41). R codes for the analyses can be accessed by (https:// osf. io/ jkeh6/? view_ only= 14151 fb060 
9d478 eadc9 32664 d94c3 c0).
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