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Abstract 

Background School closures and social distancing may have affected mental health among preadolescent and ado-
lescent children, who are in a social developmental stage. Rates of anxiety, depression, and stress have been reported 
to have increased during the COVID-19 pandemic among teenagers worldwide. However, most studies have meas-
ured children’s mental health in cross-sectional studies or short-term comparisons before and after lockdowns and 
school closures, and few studies have tracked the long-term effects on mental health among children and adoles-
cents, despite the pandemic lasting more than 2 years.

Methods An interrupted time-series analysis was performed for longitudinal changes in the monthly number of new 
mental disorders (eating disorders, schizophrenia, mood disorders, and somatoform disorders). Using a nationwide 
multicenter electronic health records database in Japan, we analyzed data of patients aged 9 to 18 years from 45 
facilities that provided complete data throughout the study period. The study period covered January 2017 to May 
2021, defining a national school closure as an intervention event. We modeled the monthly new diagnoses of each 
mental disorder using a segmented Poisson regression model.

Results The number of new diagnoses throughout the study period was 362 for eating disorders, 1104 for schizo-
phrenia, 926 for mood disorders, and 1836 for somatoform disorders. The slope of the regression line in monthly 
number of new diagnoses increased in the post-pandemic period for all targeted mental disorders (change in slope 
for eating disorders 1.05, 95% confidence interval [CI] 1.00–1.11; schizophrenia 1.04, 95% CI 1.01–1.07; mood disorders 
1.04, 95% CI 1.01–1.07; and somatoform disorders 1.04 95% CI 1.02–1.07). The number of new diagnoses for schizo-
phrenia and mood disorders increased early after school closure; while eating disorders showed an increasing trend 
several months later. Somatoform disorders showed a decreasing trend followed by an increasing trend. Time trends 
by sex and age also differed for each mental disorder.

Conclusions In the post-pandemic period, the number of new cases increased over time for eating disorders, schizo-
phrenia, mood disorders, and somatoform disorders. The timing of increase and trends by sex and age differed for 
each mental disorder.
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Introduction
The novel coronavirus infection first reported in 
Wuhan, China in December 2019 (COVID-19) caused 
a global pandemic and triggered measures in many 
countries to restrict the flow of people. School closures 
and social distancing may have affected mental health 
among preadolescent and adolescent children, who are 
in a social developmental stage.

Rates of anxiety, depression, stress, alcohol drinking, 
and drug use have been reported to have increased dur-
ing the COVID-19 pandemic among teenagers world-
wide [1, 2]. However, most studies have measured 
children’s mental health in cross-sectional studies or 
short-term comparisons before and after lockdowns 
and school closures [3, 4], and few have examined long-
term effects. One study found an increase in emergency 
room visits owing to acute psychiatric symptoms dur-
ing lockdown and also focused on acute exacerbation 
of pediatric psychiatric illnesses owing to short-term 
stress [5]. Despite the pandemic lasting more than 
2 years, few studies have tracked the long-term effects 
on mental health among children and adolescents. 
Anxiety caused by the pandemic and the continuous 
need for social distancing that leads to social isola-
tion may cause persistent stress in children, which may 
contribute to the onset of psychiatric disorders. Anal-
ysis of long-term trends in the development of men-
tal disorders among children and adolescents across a 
pandemic is vital to clarify the mechanisms of such dis-
orders and help in prevention. However, there is a lack 
of published studies analyzing time trends in the devel-
opment of pediatric mental disorders under pandemic 
conditions.

Japan is a society characterized by strong social 
conformity. Thus, the number of patients and deaths 
owing to COVID-19 has remained at a low level [6], 
even without lockdowns and large-scale testing that 
have been implemented in other countries. Such a 
social structure is considered a risk factor for develop-
ing mental health disorders, including mood disorders, 
particularly among adolescents [7]. Additionally, it has 
been reported that the number of patients with ano-
rexia nervosa in Japan increased 1.6-fold in 2020 com-
pared with 2019 [8], as did suicides among teenagers 
after 2020 [9].

We conducted a longitudinal analysis of the number of 
newly diagnosed patients with eating disorders, schizo-
phrenia, mood disorders, and somatoform disorders 
among preadolescents and adolescents aged 9 to 18 years 
in the 38 months before and 15 months after the start of 
the COVID-19 pandemic using a Japanese multicenter 
electronic medical record (EMR) database and an inter-
rupted time series (ITS) design.

Methods
Study design, participants, and setting
We conducted a natural before–after quasi-experiment 
to examine the number of new cases of psychiatric dis-
orders such as eating disorders, schizophrenia, mood dis-
orders, and somatoform disorders among preadolescents 
and adolescents in Japan before and after the start of the 
COVID-19 pandemic. Unlike insurance claims databases, 
EMRs are less susceptible to the influence of the working 
status of the targeted children’s parents. Thus, given the 
economic downturn caused by the COVID-19 pandemic, 
we opted to use diagnostic information from the EMRs, 
which directly reflects the clinical judgment of physi-
cians.” The data were obtained from the Real World Data 
(RWD) database, a nationwide Japanese EMR database 
operated by the Health, Clinic, and Education Informa-
tion Evaluation Institute. The RWD database comprises 
225 medical institutions and approximately 24.4 million 
EMRs covering all regions of Japan and including private 
and public hospitals, from large medical centers (over 
1,000 beds) to clinics. The RWD database is considered 
highly representative of the general medical situation 
in Japan [10]. Furthermore, EMR diagnostic data can 
be obtained whether the patient is an inpatient or out-
patient. In Japan, physicians enter diagnostic names as 
free text in EMRs, which are then converted into ICD-10 
(International Classification of Diseases, Tenth Revision) 
codes using the ICD-10-based Standard Disease Code 
Master for electronic medical records (Medical Informa-
tion Systems Development Center). Thus, the accuracy 
of ICD-10 coding in the database used in this study is 
reasonably assured. This database contains information 
on patient demographics, drug prescriptions, diagnoses, 
test results, and procedures. The data are collected from 
EMRs of each medical facility and are anonymized; each 
patient within the same facility is assigned a separate 
patient number [11].

To compare the number of preadolescent and adoles-
cent patients with newly diagnosed mental illnesses over 
time, the denominator to be considered “at-risk” (the 
potential population to visit targeted clinics or hospitals) 
must be constant. Therefore, we included EMR data from 
facilities that provided complete data to RWD from Janu-
ary 2017 to May 2021 such that the number of facilities 
covered during the study period would remain constant. 
A total of 45 facilities were included, 7 with more than 
500 beds, 12 with 300–500 beds, 20 with 100–300 beds, 4 
with 20–100 beds, and 2 with fewer than 20 beds (includ-
ing clinics). Of patients newly diagnosed with eating dis-
orders, schizophrenia, mood disorders, and somatoform 
disorders at these facilities, only those between age 9 
and 18 years at diagnosis were included in this longitu-
dinal analysis of the impact of the COVID-19 pandemic 
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on mental health among preadolescents and adolescents. 
For privacy reasons, only the birth year was available 
in the database. Therefore, to obtain each patient’s age, 
we calculated the age at diagnosis by assuming that all 
patients were born on January 1 of their birth year.

Intervention
The Japanese Ministry of Health, Labour, and Welfare 
first confirmed a case of COVID-19 (a returnee from 
Wuhan, China) on January 16, 2020 [12]. Following that, 
there were only sporadic cases, mainly among returnees 
from Wuhan. Subsequently, the number of patients grad-
ually increased, and social anxiety about an unknown 
infectious disease escalated [13]. In response to this 
situation and to prevent children from developing this 
emerging infectious disease, then Prime Minister Shinzo 
Abe requested that all elementary, junior high, and high 
schools in Japan be closed on February 27, 2020. Schools 
were closed in most areas after March 2 [14]. On and 
after mid-March, COVID-19 cases spread owing to inter-
national travel and arrivals from Europe and the United 
States, leading to declaration of a state of emergency in 
April 2020 [15, 16]. In ITS related to the COVID-19 pan-
demic, the declaration of a state of emergency is often 
used as a delimitation period for intervention [17]; how-
ever, school closure is thought to have had a more direct 
impact on the mental state of children [18]. Hence, we 
defined the period prior to February 2020 as the pre-
pandemic period and that after March 2020 as the post-
pandemic period. Most schools had reopened by June 1, 
2020, but actions affecting the mental health of young 
people, such as intermittent school attendance and ongo-
ing social distancing, continued after that date [19].

Measurements
To examine the long-term impact of the COVID-19 
pandemic on the development of psychiatric disorders 
in preadolescents and adolescents, the outcome of our 
study was set as the monthly number of newly diagnosed 
cases of each disorder in the pre-and post-pandemic 
period. We targeted several mental disorders, includ-
ing eating disorders, schizophrenia, mood disorders, 
and somatoform disorders. Anxiety disorders, excluding 
somatoform disorders, were not included in this analysis 
because the nature of the disorder is thought to largely 
affect health care-seeking behavior itself [20], and it was 
considered challenging to assess the actual occurrence 
of anxiety disorders using EMR data. Monthly counts of 
new diagnoses for each disease and the date of diagno-
sis from January 2017 to May 2021 were tabulated using 
International Classification of Diseases Tenth Revision 
codes (eating disorders: F50, schizophrenia: F20, mood 
disorders: F30-39, and somatoform disorders: F45).

Statistical analysis
To longitudinally assess how the COVID-19 pandemic 
impacted the new onset of mental health disorders in 
children aged 9–18  years, we conducted an ITS using 
the monthly number of new diagnoses for each dis-
order. ITS studies are considered one of the most 
powerful quasi-experimental designs, providing a self-
controlled approach that uses both pre-and post-inter-
vention data. This method has been widely applied in 
recent years because it allows observation of longitudi-
nal pre-and post-intervention changes considering pre-
intervention trends and dealing with autocorrelations, 
such as seasonality.

We modeled the monthly new diagnoses of each 
mental disorder using a segmented Poisson regression 
model. There were 53 time points (i.e., months) from 
January 2017 to May 2021, among which the 15 months 
from March 2020 to May 2021 were defined as the post-
intervention period. A problem with ITS analysis is that 
outcomes in one month tend to be similar to outcomes 
in adjacent time points, resulting in autocorrelation 
and overdispersion. Therefore, we addressed autocor-
relation owing to seasonality using Fourier terms and 
overdispersion by assuming that the variance is propor-
tional (rather than equal) to the mean. These models 
were pre-designed before data acquisition.

After applying the model to the data, changes in the 
number of new diagnoses were visually represented 
by comparing the trend after intervention (nation-
wide school closure) to a counterfactual scenario in 
which the intervention would never have occurred. As 
an objective measure, we also estimated coefficients 
for the abrupt change in the monthly number of new 
diagnoses that occurred immediately after intervention 
(change in level) and the trend change over time in the 
monthly number of new diagnoses post-intervention 
compared with pre-intervention (change in slope) [21].

Lags for potential autocorrelation in the model were 
checked by depicting the autocorrelation function 
(ACF) of the residuals as the correlation between each 
observed and historical value at various lags and the 
partial ACF (PACF) as the correlation between each 
observed and historical value not explained by the cor-
relation at lower order lags [22, 23]. Subgroup analyses 
stratified by sex and age group (preadolescence and 
adolescence were defined as 9–12 and 13–18 years old, 
respectively) were also conducted to examine differ-
ences by attributes.

All analyses were conducted using Stata version 17 
(StataCorp LLC, College Station, TX, USA). This study 
was conducted in accordance with the Declaration of 
Helsinki. The Institutional Review Board at Okayama 
University Graduate School of Medicine, Dentistry, and 
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Pharmaceutical Sciences approved the study protocol 
(No. 2107–001).

Results
Main results
We included 45 facilities throughout Japan that contrib-
uted data continuously without interruption during the 
53-month study period. Thus, there were no missing data 
at the reporting facility level.

From January 2017 to May 2021, the number of new 
diagnoses for each disorder was as follows: 362 for eating 
disorders, 1104 for schizophrenia, 926 for mood disor-
ders, and 1836 for somatoform disorders. Demographics 
of newly diagnosed cases are shown in Table  1, catego-
rized according to the defined pre-and post-pandemic 
periods. The number of new cases in the post-pandemic 
period showed an increase in the proportion of girls 
among schizophrenia cases, those of patients diagnosed 
with anorexia nervosa among cases of eating disorders, 
and those with depressive episodes among mood disor-
ders cases.

A segmented Poisson regression analysis was then 
applied to evaluate the monthly number of new diag-
noses for each disease during the study period (Table  2 
and Fig.  1). In the case of eating disorders, the number 
of new diagnoses per month trended upward for a few 
months following school closure and remained at a high 
level (change in slope 1.05, 95% confidence interval [CI] 
0.998–1.11). For schizophrenia and mood disorders, an 
increase in the monthly number of new diagnoses was 
observed relatively soon after school closure (change 
in level for schizophrenia 1.14, 95% CI 0.86–1.51 and 
mood disorders 1.43, 95% CI 1.05–1.95) and continued 
to increase after that (change in slope for schizophrenia 
1.04, 95% CI 1.01–1.07 and mood disorders 1.04, 95% 
CI 1.01–1.07). In the case of somatoform disorders, the 
monthly number of new diagnoses temporarily decreased 
with the closing of schools (change in level 0.73, 95% CI 
0.59–0.90) and then increased (change in slope 1.04, 95% 
CI 1.02–1.07).

The residual ACFs and PACFs at most lags in each 
model did not exceed the 95% CI, which indicated that 
the autocorrelation was negligible and did not violate the 
models, for both models (eFigure 1).

Subgroup analyses by sex and age
A greater increase in change in the slope of the regression 
line for the monthly number of new diagnoses of eating 
disorders and schizophrenia in the post-pandemic period 
was observed in girls (change in slope for eating disor-
ders 1.07, 95% CI 1.01–1.13 and schizophrenia 1.04, 95% 
CI 1.01–1.08). The monthly number of new diagnoses 

of mood disorders and somatoform disorders showed a 
similar trend over time for both sexes (Fig. 2, eTable 1).

The findings of subgroup analyses stratified by age are 
shown in Fig. 3 and eTable 2. The slope of the regression 
line in the monthly number of new diagnoses of schizo-
phrenia, mood disorders, and somatoform disorders 
showed a more significant increase during the post-pan-
demic period in the adolescent group (13–18 years old) 
(change in slope for schizophrenia 1.05, 95% CI 1.02–
1.09; mood disorders 1.04, 95% CI 1.00–1.08, and soma-
toform disorders 1.06, 95% CI 1.03–1.09). The monthly 
number of new diagnoses of eating disorders increased 
immediately after school closure in the adolescent group 
(change in level 1.80, 95% CI 1.02–3.09) and remained 
at high levels; this number decreased temporarily in the 
preadolescent group (9–12  years old) (change in level 
0.30, 95% CI 0.12–0.79) and then increased over time 
(change in slope 1.14, 95% CI 1.04–1.25).

Discussion
We compared time trends in the monthly number of pre-
adolescents and adolescents aged 9–18  years in Japan 
newly diagnosed with eating disorders, schizophrenia, 
mood disorders, and somatoform disorders in the pre-
and post-pandemic period using an ITS analysis with a 
Japanese multicenter EMR database. Although the slope 
of the regression line in the monthly number of new 
diagnoses increased in the post-pandemic period for all 
targeted mental disorders, schizophrenia and mood dis-
orders showed an increase in the number of new diag-
noses relatively early after school closure whereas eating 
disorders showed an increasing trend several months 
later. Somatoform disorders showed a decreasing trend 
followed by an increasing trend. These trends were rela-
tively more pronounced in girls with eating disorders 
and schizophrenia. There were no apparent differences 
in the trends of new diagnoses by sex for mood disorders 
and somatoform disorders. The post-pandemic linear 
increase over time in monthly number of new diagno-
ses of schizophrenia, mood disorders, and somatoform 
disorders was more pronounced in adolescents than in 
preadolescents.

Adolescents, in transition to adulthood, are a vulner-
able population [24], and their mental health has been 
strongly affected by pandemic-related anxiety as well 
as school closures, the need for social distancing, and 
increased time spent accessing social networking sites 
[25]. The impact of the COVID-19 pandemic on the men-
tal health of preadolescents and adolescents has been 
widely documented, suggesting increased anxiety and 
depression [26, 25] Larger impacts have been reported in 
girls and adolescents [2, 27]. However, most past studies 
were either cross-sectional or compared periods before 
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and after lockdown. Few studies have examined long-
term, chronological effects of the pandemic, even though 
social restrictions and behavioral changes caused by the 

pandemic have continued for more than 2 years. Previous 
studies on new cases of the mental disorders investigated 
in our study have also reported increases in the incidence 

Table 1 Baseline characteristics of newly diagnosed patients with mental health disorders, pre- and post-COVID-19

ICD-10 International Classification of Diseases, Tenth Revision

Patients, No. (%)

Whole time series Pre-pandemic Post-pandemic

Eating disorders
Total 362 (100) 240 (100) 122 (100)

Sex

    Male 73 (20.2) 49 (20.4) 24 (19.7)

    Female 289 (79.8) 191 (79.6) 98 (80.3)

Age

    9–12 years 126 (34.8) 85 (35.4) 41 (33.6)

    13–18 years 236 (65.2) 155 (64.6) 81 (66.4)

ICD-10

    Anorexia nervosa (F50.0) 101 (27.9) 61 (25.4) 40 (32.8)

    Eating disorder, unspecified (F50.9) 222 (61.3) 149 (62.1) 73 (59.8)

    Other (F50.1, F50.2, F50.3, F50.4, F50.0, F50.8) 39 (10.8) 30 (12.5) 9 (7.4)

Schizophrenia
Total 1104 (100) 765 (100) 339 (100)

Sex

    Male 463 (41.9) 348 (45.5) 115 (33.9)

    Female 641 (58.1) 417 (54.5) 224 (66.1)

Age

    9–12 years 392 (35.5) 281 (36.7) 111 (32.7)

    13–18 years 712 (64.5) 484 (63.3) 228 (67.3)

Mood disorders
Total 926 (100) 586 (100) 340 (100)

Sex

    Male 364 (39.3) 241 (41.1) 123 (36.2)

    Female 562 (60.7) 345 (58.9) 217 (63.8)

Age

    9–12 years 170 (18.4) 104 (17.8) 66 (19.4)

    13–18 years 756 (81.6) 482 (82.2) 274 (80.6)

ICD-10

    Manic episode (F30) 33 (3.6) 21 (3.6) 12 (3.5)

    Bipolar disorder (F31) 71 (7.7) 52 (8.9) 19 (5.6)

    Depressive episode (F32) 666 (70.9) 407 (69.5) 249 (73.2)

    Persistent mood disorders (F34) 149 (16.1) 97 (16.6) 52 (15.3)

    Other (F33, F38, F39) 17 (1.9) 9 (1.6) 8 (2.4)

Somatoform disorders
Total 1836 (100) 1347 (100) 489 (100)

Sex

    Male 722 (39.3) 515 (38.2) 207 (42.3)

    Female 1114 (60.7) 832 (61.8) 282 (57.7)

Age

    9–12 years 567 (30.9) 415 (30.8) 152 (31.1)

    13–18 years 1269 (69.1) 932 (69.2) 337 (68.9)
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of eating disorders and mood disorders after the start of 
the pandemic; however, few of these studies have exam-
ined long-term effects. [2, 28, 29] There are even fewer 

studies regarding the pandemic’s impact on the number 
of new cases of schizophrenia and somatoform disor-
ders in teenagers [30, 31]. Our results support previous 

Table 2 Changes in number of newly diagnosed mental health disorders in pre- and post-pandemic periods

SD Standard deviation; CI Confidence interval
a Level change refers to an abrupt level change in pre-COVID-19 versus post-COVID-19 periods
b Slope change refers to slope change over time in pre-COVID-19 versus post-COVID-19 periods

mean [SD] Estimated coefficient [95% CI]

Pre-COVID Post-COVID Baseline incidence rate Level change a Slope change b

Eating disorders 240 [7.61] 122 [9.28] 6.60 [4.92–8.85] 1.00 [0.59–1.69] 1.05 [1.00–1.11]

Schizophrenia 765 [21.26] 339 [24.22] 24.48 [21.14–28.35] 1.14 [0.86–1.51] 1.04 [1.01–1.07]

Mood disorders 586 [16.53] 340 [24.84] 18.21 [15.32–21.64] 1.43 [1.05–1.95] 1.04 [1.01–1.07]

Somatoform disorders 1347 [39.39] 489 [34.22] 35.70 [31.97–39.86] 0.73 [0.59–0.90] 1.04 [1.02–1.07]

Fig. 1 Monthly reports of newly diagnosed cases of mental disorders (dots) with trend lines. A Eating disorders. B Schizophrenia. C Mood disorders. 
D Somatoform disorders. Solid red line: predicted trend based on the seasonally adjusted regression model. Black line: de-seasonalized trend. 
Dashed red line: counterfactual trend assuming no intervention
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findings, suggesting a post-pandemic increase in the 
number of new cases of the investigated mental disor-
ders. Our findings also provide further insight into the 
long-term, chronological impact of the pandemic using 
an ITS design.

There are some limitations in this study. Although 
teenagers with a history of psychiatric illness may be 
more susceptible to the impact of the pandemic on 
mental health [32], we did not account for past comor-
bidities of other psychiatric illnesses; therefore, the dif-
ferences in risk between individuals with and without a 
history of psychiatric illness could not be assessed. There 
are reports of increased psychiatric disorders owing 
to COVID-19 [33], but we did not consider a history of 
COVID-19 infection. However, the number of teenag-
ers with COVID-19 in Japan remained below 0.05% of 
the total population of teenagers until May 2021 [34, 
35], the period covered by this study. Thus, its influence 

is considered negligible. The subgroup analyses by age 
group may be affected by the assumption that everyone is 
born on January 1, owing to missing information for the 
exact date of birth. Additionally, measurement bias may 
exist, such as discrepancies in the diagnosis name among 
EMR data and the actual clinical condition. Owing to 
the potential impact of changes in parental employment 
status resulting from the economic downturn during the 
COVID-19 pandemic, there is a possibility that the insur-
ance coverage of the children under study may have been 
affected. Therefore, we used EMR data from healthcare 
institutions instead of an insurance claims database. 
However, it should be noted that whereas the RWD 
used in this study have only been validated in the three 
domains of cardiovascular diseases, hemophilia, and can-
cer [11, 36, 37] there has been no specific validation for 
the field of psychiatry. Consequently, concerns regarding 
the validity of the information used in this study remain. 

Fig. 2 Monthly reports of newly diagnosed mental disorders with dashed trend lines, stratified by sex. A Eating disorders. B Schizophrenia. C Mood 
disorders. D Somatoform disorders. Red line: female, blue line: male
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Moreover, in patients who change medical facility, their 
data may be recorded elsewhere as data for a different 
patient. However, because we fixed the denominator (i.e., 
the medical institution providing the data), such non-
differential misclassification should not strongly distort 
the results in pre- and post-comparisons of the overall 
diagnoses. The most important barrier to conducting 
ITS is the presence of time-varying confounders, such 
as refraining from medical visits. In fact, in terms of the 
actual number of new diagnoses, a temporary decrease 
was observed for all mental health disorders covered 
in this study immediately after school closure. A previ-
ous study from the same database, an interrupted time 
series analysis of the number of new monthly diagnoses 
of atopic dermatitis, found a 20% decrease, probably due 
to refraining from seeing a doctor, after the simultaneous 
closure of all schools nationwide, keeping a similar lower 
level throughout the observation period [38]. However, 

all mental health disorders targeted in this study showed 
an increasing trend over time, suggesting an increase 
in each disease incidence itself, even if underestimated. 
Data on the severity of each mental health disorder were 
not considered in this study. We used data from Japan, 
therefore, our findings are not generalizable to other 
countries.

Conclusion
We analyzed the longitudinal impact of the COVID-19 
pandemic on the incidence of mental health disorders in 
preadolescents and adolescents in this ITS study using a 
multicenter EMR database in Japan. The number of new 
cases increased over time after the start of the pandemic 
for eating disorders, schizophrenia, mood disorders, and 
somatoform disorders. The timing of the increase and 
trends by sex and age differed for each mental health dis-
order. Our findings suggest that mental health support is 

Fig. 3 Monthly reports of newly diagnosed cases of mental disorders (dots) with trend lines, stratified by age group. A Eating disorders. B 
Schizophrenia. C Mood disorders. D Somatoform disorders. Yellow line: preadolescents, green line: adolescents
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needed for preadolescents and adolescents who are men-
tally vulnerable populations during a pandemic, espe-
cially older adolescents and women.
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