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Abstract

Objective:Mental health issues increased during the COVID - 19 pandemic, especially among
children. Our past research efforts found that surveillance data can address a variety of health
concerns; that personal psychological awareness impacted ability to cope, and mental health
outcomes were improved when survivors were triaged to mental health countermeasures.
To build upon our public health efforts, we wanted to see if increased screen time due to remote
learning caused by the pandemic influenced school aged children’s mental health.
Methods: With the hypothesis that excessive time spent isolated during remote learning
increased the amount of mental health events in children, we conducted a public health
surveillance project on actual diagnoses rather than just symptoms, controlling for historical
mental health and emotional disorders.
Results: The entire cohort of children aged 6 to 17 years were studied over time before and
during the pandemic for their medically diagnosed mental health and emotional outcomes
by the amount of pandemic induced social isolation.
Conclusions:After controlling for historical diagnoses and the rate of COVID - 19, the effect of
pandemic - induced social isolation had a linear increase on the amount of anxiety, resulting in a
4-fold increase in pandemic social isolation - induced anxiety.

Introduction

The COVID - 19 pandemic caused fear and anxiety across society.1 Stress, anxiety, and depres-
sive symptoms were correlated with COVID - 19 prevalence and increased with decreasing
age.2–5 Over 33% of children have reported COVID - 19 related anxiety.6 The prevalence of
obsessive - compulsive disorder (OCD) symptoms increased during the pandemic and OCD
increased the likelihood of presenting with elevated stress, anxiety, and depression.7 The rates
of mental health issues increased among children who had an emotion - focused versus a prob-
lem - focused coping style.8 Online learning difficulties and feeling socially disconnected during
lockdown were associated with decreased life satisfaction, particularly among girls, and
increased depression and anxiety.9 The psychological impact of the pandemic was worsened
by prolonged homestays and increased especially among high school versus primary school
students.10,11 Feelings of social isolation with anxiety being the prevalent symptom among chil-
dren aged 10 to 17 during the March 2020 pandemic lockdown, followed by depression and
stress.12–14 Disruption of social life and loneliness caused by the pandemic’s necessity to spend
a higher number of hours online put children at increased risk of psychiatric disorders.15,16

In the pre - COVID - 19 pandemic era, persons were more compliant with the recommended
protective behavior if they had awareness and could demonstrate knowledge of the public health
issue.18,19 Syndromic surveillance data have been used to address a variety of health concerns.20

Also, our past research found that persons who were aware of how fear would impact their abil-
ity to cope were able to be more compliant regarding recommended protective health behav-
ior.21 Further, we have found that survivors triaged for mental health countermeasures to
mitigate psychological trauma had better long - term outcomes.22 The Adolescent Behaviors
and Experiences Survey (ABES), found poor mental health was less prevalent among those
who were socially and virtually connected during the pandemic.23 The researchers of that find-
ing concluded that improving connections at home, in the community, and at school might
improve mental health among youths during and after the pandemic. The authors of the
ABES study noted several limitations, including the fact that they did not study diagnosed con-
ditions, that most students were connected, and that the study was not longitudinal.
‘DISCONNECT TO CONNECT’ is a collaborative public awareness and education campaign
focused on finding balance in a digital world, to improve the mental health and well - being of
our children, youth, and families. This project was in the works before the COVID - 19 pan-
demic but was re - engaged following the release of the Youth andMental Health Advisory by the
US Surgeon General in December, 2021.24
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During our public health efforts, we wanted to see if increased
screen time due to remote learning caused by the pandemic influ-
enced school - aged children’s emotional state or mental health,
controlling for the children’s history of past mental health and
emotional disorders. With the hypothesis that excessive time spent
isolated during remote learning increased the amount of emotional
and mental health events in children, we conducted a public health
surveillance project to look at actual diagnoses rather than symp-
toms. The current research herein studied an entire cohort over
time before and during the pandemic, including all the cases
regardless of their connectedness, and medically diagnosed mental
health and emotional disorders.

Methods

Under subpart A of 45 CFR part 46, known as the Common Rule,
public health surveillance activities conducted, and supported, as
well as requested, ordered, required, or authorized by a public
health authority are deemed not to be research. Therefore, no
Institutional Review Board review was sought. The data used in
this study were from 2 sources: (1) EpiCenter version 3.5.23
(Health Monitoring Systems Inc., Pittsburgh, Pennsylvania,
USA). The EpiCenter system analyzes healthcare data to detect
increases of health events that may be important to public health,
including disease outbreaks. When anomalies are detected,
EpiCenter provides automatic notification to appropriate health
department personnel, and (2) The Ohio Disease Reporting
System (ODRS). ODRS is the Ohio Department of Health’s data
system that contributes to the National Notifiable Diseases
Surveillance System (NNDSS). These data were provided by the
Ohio Department of Health. The Department specifically dis-
claims responsibility for any analyses, interpretations, or conclu-
sions. The NNDSS is a program of the Centers for Disease
Control and Prevention’s Division of Health Informatics and
Surveillance, US Department of Health and Human Services.
The data was analyzed using SPSS version 28 (IBM Corp.,
Armonk, New York, USA). The method for presenting the data

herein assured protection of any persons’ identity by exceeding
compliance with the Ohio Department of Health’s Disclosure
Limitation Standard and the Public Health Service Act (42 US
C. 242m(d)).

For this report, the word ‘children’ will include ages 6 to 17
years. The study cohort of children, residents of Greene County,
Ohio, that visited a provider or hospital, were followed for 2 years
before and during the pandemic years of 2021 and 2022. The study
area was a mix of urban and rural areas. All acute care visits for the
cohort were reviewed for individual diagnoses within the mental
health and emotional diagnostic conditions at 4 - time spans.
All acute care visits were examined for the complete month of
January, with historical visits taken into account, for all child res-
idents for each year from 2019 through 2022. These included men-
tal disorders (as shown in Table 1) due to known physiological
conditions (F01 - F09); mental and behavioral disorders due to
psychoactive substance use (F10 - F19); schizophrenia, schizotypal,
delusional, and other non - mood psychotic disorders (F20 - F29);
mood [affective] disorders (F30 - F39); anxiety, dissociative, stress -
related, somatoform and other nonpsychotic mental disorders
(F40 - F48); behavioral syndromes associated with physiological
disturbances and physical factors (F50 - F59); disorders of adult
personality and behavior (F60 - F69), intellectual disabilities
(F70 - F79); pervasive and specific developmental disorders (F80
- F89); behavioral and emotional disorders with onset usually
occurring in childhood and adolescence (F90 - F98); and any emo-
tional disorders (R45). A selection of diagnostic codes was grouped
together that included ICD 10 codes for F01 - F09, F20 - F29, F40 -
F49, and F50 - F59, as well as F80 - F89 and R45. These were
grouped because they were thought to be most likely to be affected
by exogenous factors. The rationale for this grouping was to
increase the power to find a difference by excluding those condi-
tions that ‘a priori’ were thought to be invariable to the exposure.
Table 1 displays the conditions that met the assumption and thus
were included versus excluded in the analysis. Disorders of adult
personality and behavior (F60 - F69) were excluded since they were
not appropriate for this study population. Care and education

Table 1. Modeling of dependent variable homogeneity of covariate coefficients assumption (if significant, analysis of covariance (ANCOVA) was not conducted on the
dependent variable)

Dependent Variable
Interaction Term

Significance
Between Subjects Factor

Isolation Levels
Assumption
Met

Mental Health or Emotional State Diagnoses < 0.001 3 No

Emotional (R45) or Any MH Dx (F02458) Max 0.601 3 Yes

Mental disorders due to known physiological conditions (F01 - F09) 0.996 3 Yes

Mental and behavioral disorders due to psychoactive substance use (F10 - F19) 0.998 3 Yes

Schizophrenia, schizotypal, delusional, and other non - mood psychotic
disorders (F20 - F29)

0.984 3 Yes

Mood [affective] disorders (F30 - F39) 0.673 2 Yes

Anxiety, dissociative, stress - related, somatoform and other nonpsychotic
mental disorders (F40 - F48)

0.177 3 Yes

Behavioral syndromes associated with physiological disturbances and physical
factors (F50 - F59)

< 0.001 3 No

Disorders of adult personality and behavior (F60 - F69) < 0.001 3 No

Intellectual disabilities (F70 - F79) NA 3 No

Pervasive and specific developmental disorders (F80 - F89) 0.998 3 Yes

Behavioral and emotional disorders with onset usually occurring in childhood
and adolescence (F90 - F98)

< 0.001 3 No

Signs and Symptoms of Emotional State (R45) 0.791 3 Yes
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centers for intellectual disabilities, including those with at - home
education and other service providers, did not necessarily follow
the remote learning schedule that boards of education instituted.
Hence, those persons with intellectual disabilities would not
be expected to have the same variability of mental health acute care
visits from being isolated as the rest of the population of school -
aged children. The diagnostic group was tested for the assumption
but the combined categories of F02458 did not include that group-
ing. Including the grouping of any emotional (R45) or mental
health code (using the first ICD 10 code to designate groups
F02458) did not preclude each diagnostic code from being proc-
essed separately to see if that diagnostic code met the assumptions
for the analysis to continue.

The method of analysis of covariance was chosen to control for
the child’s past mental health and emotional state. The statistical
assumption of analysis of covariance is that there is no significant
interaction between the covariate and the exposure. The pre - pan-
demic mental and emotional acute care visits should not have an
interaction with the future amount of isolation the children were
exposed to. This ‘homogeneity of covariate coefficients’
assumption that the prior diagnoses for emotional ormental health
conditions were not associated with the isolation exposure was
checked by fitting an interaction term between prior diagnoses
and future exposure to isolation. Each of the thirteen dependent
variables was examined and if the interaction was significant that
analysis was not performed. If the significance value was greater
than 0.05 and the proportion of variance explained by the interac-
tion was close to zero, then homogeneity of the coefficients for the
covariate can be assumed across the levels of the isolation factor.

The days of remote learning, isolated from in - person school
was used as a surrogate for screen time. The exposure level was
days isolated in the twelve months prior to the month diagnosed.
Exposure groups were assigned by place of residence and the likely
education district the child would have attended. An exposure
matrix for the predictor factor coded ‘zero isolation days per year’
as zero, ‘greater than zero but less than 48 days’ was coded as one,
and ‘greater than or equal to 48 days isolated’ was coded as two.
The levels for mood affective disorders (F30 - F39) were collapsed
to two levels to meet the assumption of no interaction with the
covariate. The results of the interaction term for the covariate
and the dependent variables selected for analysis are shown in
Table 1. The selection of the dependent variables produced an
analysis of covariance (ANCOVA) to assess the effect of isolation
due to the pandemic, controlling for past diagnoses, on children’s
emotional and mental health diagnoses. The descriptive statistics
show the rate of emotional - mental health diagnoses during acute
care visits during the pandemic.

The incidence of COVID - 19 would also account for the quar-
antine isolation the children were subjected to. The admitting diag-
nosis of COVID - 19 was very low in this age group, but the amount
of quarantine was high, so the COVID - 19 rate per 1000 children
per residential areawas explored if the initial ANCOVAanalysis was
significant. The homogeneity of variances was evaluated using
Levene’s test. If the significance value for the isolation level was less
than 0.05, indicating it has a significant effect on the dependent var-
iable of mental health or emotional disorder diagnosis, the param-
eter estimates were examined to determine the size of that effect.

By specifying an interaction between the covariate and factor,
the homogeneity of the covariate parameter estimates across levels
of isolation were tested for. If the interaction term was not signifi-
cant, indicating the covariate parameter estimates were considered

homogenous, the analysis of covariance was conducted to deter-
mine if isolation affected mental health and/ or emotional
disorders.

If the interaction termwas significant, the model could be used
with the interaction term, with the understanding that assessing
the effect of being isolated is complicated by the presence of hav-
ing a history of mental health disorders. That is, when this inter-
action term is significant, the difference between isolation levels
changes for persons with and without past mental health
diagnoses.

Results

The rates for acute care for anxiety was significantly increased
among children after exposure to 5 - 45 days of isolation versus
no exposure (4.1% to 0.9%), greater than a 4.5 - fold increase in
anxiety diagnoses (Figures 1 and 2).

The risk of any child being diagnosed with F0, F2, F4, F5, or F8
mental health disorders after any isolation from the pandemic was
1.571 (95% CI 1.4 - 1.76), Table 2.While the prevalence in the pop-
ulation was low (1.43%), the etiological fraction in the exposed was
over 36%, as calculated from the information in contingency
Table 2.

Based on the low rate of admitting diagnosis from COVID - 19
and a high amount of quarantine in this age group, the methodol-
ogy called for the COVID - 19 rate per 1000 children per residential
area to be explored if the initial ANCOVA analysis was significant.
Since anxiety, dissociative, stress - related, and somatoform/ other
nonpsychotic mental disorders (F40 - F48) were found to be
elevated, the random variable for the rate of COVID - 19 per
sub - population area was added to the model. By controlling
for past diagnoses and assuring there was no interaction between
the pre - pandemic mental and emotional acute care visits with
future amounts of isolation the analysis provided a more accurate
result. This pre - planned post hoc analysis found anxiety to be
sequentially greater with increasing isolation when the case rate
of COVID - 19 and mental health diagnoses was controlled for
(Figure 3).

Limitations

The providers of the diagnoses for the cohort were not limited to
the residential geographic area, but included providers in the state
that were part of the public health syndromic surveillance system.
If the provider or hospital system used a different patient identi-
fication system, the patient would not have been matched to prior
visits. The past diagnoses were reviewed not for just 1 year but 2
years prior to the pandemic. This strength of the study design did
not prevent a subacute diagnosis being present. The reason for our
research into the relationship between pandemic induced social
isolation and mental health diagnoses was to promote public
health. The Disconnect - to - Connect program planning that
focused on reducing the harmful effects of increased screen time
began before the pandemic. At a population – level, the ‘known
- pandemic - caused - remote - learning’ among children ages 6
to 17 preceded an increase of mental illness when compared to
those children without remote learning. This finding assumes that
the known pandemic caused remote learning is commensurate
with increased exposure to screen time and decreased in - person
socialization (Note that the finding was at the population level and
controlled for past acute care mental health visits). This finding,
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that there is a difference between cohorts of pandemic induced
socially isolated children (when if, in reality, there was no differ-
ence) could be a Type I error. We believe a Type I error was mini-
mized by our design because those most amenable to finding a

difference when 1 existed would be those already in therapy, or
already isolated due to other chronic conditions, and that the whole
population was included in the analysis, providing enough power
to find truthful results.

Figure 2. Children aged 6 to 17 years residing in Greene County, Ohio, 2018 through January 2022, adjusted rates of mental and emotional disorders (ME) diagnosed during acute
care visits 2 years before and during the pandemic (F02458 indicates grouping ofmental health disorders by the first digit of the ICD - 10 codes) by stage of pandemic induced social
isolation.

Figure 1. Children aged 6 to 17 years residing in Greene County, Ohio, 2018 through January 2022, unadjusted rate of ‘mental and emotional disorders’ (ME) diagnosed during
acute care visits 2 years before and during the pandemic (F02458 indicates grouping ofmental health disorders by the first digit of the ICD - 10 codes) by stage of pandemic induced
social isolation.
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Discussion

Pandemic social isolation significantly impacted the level of anxi-
ety in this population. Using days of remote learning as a surrogate
for screen time increases the error term because it does not capture
all the screen time at the individual level. Remote learning supplies
a definitive amount of screen time because of the intrinsic nature of
virtual learning. The risk of only using this measure is that it may
lessen the chance of finding a significant effect when 1 exists, a type
II error. In this situation, if a significant finding is found, then we
can be assured that there is even more of an effect from being iso-
lated for an extended period. The assignment of exposures was by
the education district the child likely would have attended. Though
some schools allow students outside of their district to enroll, most
students go to the school where they live. Even those who did not,
such as those in private schools, would still have similar exposures
based on their residential address. Many private schools follow the
practice of the local boards of health when it comes to policy. In a
recent article, experts stress the need for ‘healthy technology
behaviors to be mindful of the physical, mental, and social effects
of too much screen time.25 The longer - term mental health effects
of pandemic induced social isolation should be studied. The study
design controls for evaluating children based on their exposure to
social isolation due to remote learning. Social isolation from other
causes should otherwise be randomly dispersed among the strata of
remote learning. The American Academy of Pediatric states that,
‘worsening crisis in child and adolescent mental health is inextri-
cably tied to stress brought on by COVID 19.’26 The Academy also
mentions the stress of structural racism as an urgent area of con-
cern regarding children’s mental health; however our study did not
address this or other causes of childhood mental health, rather the
study design was to find the etiological fraction in the population
caused by pandemic social isolation due to remote learning. Note

that the distribution of race and ethnicity is comparable in the
study area to the United States. However, it is not directly compa-
rable to areas with higher rates of poverty and minority status.
Those areas would be expected to have greater social vulnerability
to the isolation caused by the pandemic. The results of this study
should be considered on the lower spectrum of harmful effects
from the pandemic. Since a term was added to the model for chil-
dren with and without prior mental health conditions, the statis-
tical method allowed for singling out the effect of pandemic
isolation to precede an acute healthcare visit where a mental health
diagnosis was made. The severity of mental health illness was par-
tially also controlled for not only by looking at individual mental
health diagnoses, but also by the number of mental health acute
care visits. This certainly reduced the error term for hiding any
main effect (a reduction in Type II error). In plain language this
would allow for determination of the social isolation effect from
the pandemic on mental health regardless of those at more risk
for developing worsening mental health issues as well as those
without prior mental health concerns.

Future direction

The ‘DISCONNECT TO CONNECT’ project is a movement
Greene County community partners implemented to raise aware-
ness about the mental health crisis facing our children and youth.
This awareness campaign was not designed to attach any causal
relationship between technology use and mental well - being.
Instead, it is an effort to raise awareness about how children,
youths, and families make use of technology and how to find
the balance between productive use and avoiding or minimizing
any harmful aspects. There are environmental factors outside of
our control (positive and negative life experiences), personality
and coping styles, and biological factors (genes and brain chemis-
try) that impact the mental health and well - being of our children
and youth. However, there are external factors that collectively,
persons have the power to adjust, such as the quantity and quality
of personal digital use. While computers, smartphones, and tablets
play an important role in education, and enhance our lives inmany
ways, excessive or inappropriate use is a cause for concern.

Greene County Public Health officials, along with the Mental
Health Recovery Board of Clark, Greene, and Madison
Counties, the Greene County Public Library, Greene County
Children Services, Greene County Family and Children First
Council, and the Greene County Educational Service Center are
working collaboratively to raise community awareness of the prob-
lem along with providing resources and practical information to
help children, youth, educators, parents, families, and community
organizations make impactful changes toward improving mental
health and wellbeing of children and youth in Greene County.

A 6 - part series of articles that share information, and focuses
on practical tips, techniques, and strategies to address the issue
were published in a local media outlet that serves multiple com-
munities in the area. Each month, an article targeted different
age groups from infants to young adults. The final article focused
on parents, teachers, and the community at large. A logo was devel-
oped by students at the Greene County Career Center to brand the
project. In addition to press releases and printed newspaper
articles, printed materials were developed for dissemination, book
lists for different age groups were developed to be featured at the
county libraries, social media posts with stats and tips were shared,
and a poster activity was conducted in the schools for the middle
and elementary grades. The collaborative group participated in a

Figure 3. Rate of anxiety by amount of pandemic induced social isolation while con-
trolling for historical anxiety diagnoses and the local rate of COVID-19.

Table 2. Counts of mental health disorders diagnosed by exposure to pandemic
induced social isolation among Greene County Children aged 6 to 17 for 2 years
before and during the COVID - 19 Pandemic, Risk Ratio 1.571 (95% CI 1.4 - 1.76)

Isolation
Level

Diagnosed with F0, F2, F4, F5 or F8 Mental
Health Disorders

No
Diagnoses

Any
Isolation

106 56

No
Isolation

2590 3630
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sidewalk chalk event during Children’s Mental Health Awareness
Week at a community park in May, 2022. The initiative intends to
continue with public awareness activities through the next school
term. Participation in National Unplug Day is planned countywide
and to have an even larger awareness activity through the schools
during Mental Health Awareness Month in 2023.

Conclusion

Diseasemorbidity andmortality associated with COVID - 19 along
with pandemic isolation (which is 1 of the major causes of
increased screen time) is a plausible hypothesis for increases in
diagnoses of mood disorders. Extended grief was recently added
to the diagnostic manual. This study did include emotional disor-
ders including dysthymia, but not this new diagnostic code of
extended grief. Children have lost parents, grandparents, and sib-
lings to the pandemic.We have found in our past research, during a
disaster, survivors with chronic care needs who are offered sup-
port, are better able to receive services.27 In our interconnected
world, infectious diseases can spread quickly.28 Assuring that the
effects on the body and the mind are addressed will be increasingly
important. After controlling for historical diagnoses and the rate of
COVID -19 in the community, the effect of pandemic - induced
social isolation had a linear increase in the amount of anxiety,
resulting in a 4-fold increase in pandemic social isolation - induced
anxiety.
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