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Abstract
Aims. Population-wide restrictions during the COVID-19 pandemic may create barriers to
mental health diagnosis. This study aims to examine changes in the number of incident cases
and the incidence rates of mental health diagnoses during the COVID-19 pandemic.
Methods. By using electronic health records fromFrance, Germany, Italy, SouthKorea and the
UK and claims data from theUS, this study conducted interrupted time-series analyses to com-
pare the monthly incident cases and the incidence of depressive disorders, anxiety disorders,
alcohol misuse or dependence, substance misuse or dependence, bipolar disorders, personal-
ity disorders and psychoses diagnoses before (January 2017 to February 2020) and after (April
2020 to the latest available date of each database [up to November 2021]) the introduction of
COVID-related restrictions.
Results. A total of 629,712,954 individuals were enrolled across nine databases. Following the
introduction of restrictions, an immediate decline was observed in the number of incident
cases of allmental health diagnoses in theUS (rate ratios (RRs) ranged from0.005 to 0.677) and
in the incidence of all conditions in France, Germany, Italy and the US (RRs ranged from 0.002
to 0.422). In the UK, significant reductions were only observed in common mental illnesses.
The number of incident cases and the incidence began to return to or exceed pre-pandemic
levels in most countries from mid-2020 through 2021.
Conclusions. Healthcare providers should be prepared to deliver service adaptations to mit-
igate burdens directly or indirectly caused by delays in the diagnosis and treatment of mental
health conditions.

Introduction

As of the end of 2022, there were approximately 0.73 billion confirmed cases of COVID-19,
resulting in more than 6 million deaths worldwide (World Health Organization, 2022). The
unpredictability and uncertainty of the pandemic itself, along with the policy restrictions
and economic recession, may have caused great mental health consequences amongst the
global population (Ahmed et al., 2023; Aknin et al., 2022; Moreno et al., 2020). Estimates
from a Global Burden of Diseases study showed that the COVID-19 pandemic led to
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a 27.6% increase in major depressive disorders and a 25.6%
increase in anxiety disorders globally (Santomauro et al., 2021).
However, a recent meta-analysis of longitudinal studies found no
changes in general mental health and anxiety symptoms but a
minimal worsening of depression symptoms among the general
population during the COVID-19 pandemic (Sun et al., 2023).

Despite the controversy in mental well-being, there are
concerns about the paradoxical reduction in mental health-
care provision during the pandemic as healthcare services
prioritized COVID-19 cases (Carr et al., 2021). Additionally,
containment strategies such as lockdowns and physical distanc-
ing, COVID-19-related fears, and worsening financial insecurity
may result in the under-diagnosis of mental health conditions
(Mansfield et al., 2021; Moreno et al., 2020). Previous stud-
ies have reported significant reductions in primary care con-
tacts for patients with mental health conditions during the pan-
demic compared with pre-pandemic levels in the UK (Carr et al.,
2021; Mansfield et al., 2021; Williams et al., 2020). Nevertheless,
only a few mental health conditions (i.e., anxiety, depression
and eating disorders) or broad categories (i.e., severe mental ill-
ness and common mental health problems) were examined in
these UK studies over a relatively short follow-up period (up
to September 2020). A US study using data from the National
Syndromic Surveillance Program also reported a reduction in hos-
pital visits for 10mental disorders during the pandemic (Anderson
et al., 2022). Nonetheless, the study only conducted comparisons
between specific periods (i.e., high Delta variant circulation period
[July 18 to 14 August 2021] vs. pre-Delta period [April 18 to 15
May 2021]), with the data source limited to emergency depart-
ments (Anderson et al., 2022). In contrast, a study in Germany that
examined data up to 2020 reported an increase in the diagnosis of
anxiety disorders in General Practitioner’s practices between April
and December 2020, compared to historical averages (Bohlken
et al., 2021). A comprehensive evaluation of the changes in the
incidence of multiple mental health diagnoses that includes differ-
ent healthcare settings and covers sufficiently long observational
periods during the pandemic across a number of countries is
lacking.

Different countries have heterogeneous healthcare systems,
which may have been differentially affected by the pandemic.
This may, in turn, impact changes in the incidence of mental
health diagnoses. The examination of whether and how the inci-
dence of mental health diagnoses changed during the pandemic
across countries could help identify potential gaps in existing
mental healthcare systems and guide immediate and longer-term
responses. In this population-based multinational network study,
we aimed to investigate the changes in the number of incident cases
and the incidence rates of seven specific mental health diagnoses
during the COVID-19 pandemic in France, Germany, Italy, South
Korea, the UK and the US.

Method

Data sources

We used data from nine databases, including six electronic
health record databases and three claims-based databases.
Electronic health record databases consist of IQVIA Longitudinal
Patient Database France (France IQVIA) (Jouaville et al., 2015;
Kostka et al., 2022), IQVIA Disease Analyser Germany (Germany
IQVIA) (Kostka et al., 2022), Longitudinal Patient Database Italy
(Italy IQVIA) (Kostka et al., 2022), Ajou University School of

Medicine database from South Korea (South Korea AUSOM) (Lai
et al., 2018), Kangwon National University database from South
Korea (South Korea KUN) and IQVIAMedical Research Data UK
(UK IMRD) (Gooden et al., 2022). Claims-based databases were
IBMMarketScan Multi-State Medicaid Database US (US MDCD)
(Li et al., 2021), IBM MarketScan Medicare Supplemental and
Coordination of Benefits Database US (US MDCR) (Li et al.,
2021) and IQVIA Open Claims US (US Open Claims) (Kostka
et al., 2022). Detailed descriptions of these databases, including
their representativeness, are presented in eTable 1 in Supplement
and have been previously reported (Luo et al. 2023).

All databases were mapped to the Observational Medical
Outcomes Partnership (OMOP) Common Data Model (CDM),
which ensures that studies could be locally executed at contributing
centres in a consistent and standardized manner without mod-
ification (Hripcsak et al., 2015). OMOP CDM is maintained by
the Observational Health Data Sciences and Informatics (OHDSI)
Network, an interdisciplinary initiative applying publicly available
data analytic solutions to healthcare databases to improve human
health and wellbeing (Hripcsak et al., 2015).

Study design and participants

The study period was defined as between January 2017 and
1 month before the latest available month for data in 2021 within
each database (considering the potential delay in recording rel-
evant diagnoses into systems and the number of records in the
latest available month might be underestimated), which varied
between databases. The study end date for each database is shown
in Table 1. Our current datasets included diagnoses from vari-
ous visit formats, including inpatient visits, outpatient visits and
telehealth consultations. All individuals who received any diag-
noses of depressive disorders, anxiety disorders, alcohol misuse or
dependence, substance misuse or dependence, bipolar disorders,
personality disorders or psychoses (including schizophrenia) dur-
ing the study period, and had at least 365 days of observation time
before the first diagnosis of a mental health condition of interest
(index date), were extracted from databases. Only the first diagno-
sis during the study period was included in the analysis to identify
incident cases. A 1-year window prior to the index date was used
as a screening period for potentially prevalent cases. All individu-
als were followed from the index date until the end of continuous
enrolment (for UK IMRD, US MDCD and US MDCR) or the last
healthcare encounter (for France IQVIA, Germany IQVIA, Italy
IQVIA, South Korea AUSOM, South Korea KUN and US Open
Claims).

Exposure period and outcome

The exposure started from the introduction of national restrictions
and containment strategies in response to the COVID-19 pan-
demic (Mansfield et al., 2021). According to the Stringency Index
developed by the Oxford Coronavirus Government Response
Tracker project (Hale et al., 2021), all countries included in our
study started introducing strict lockdownmeasures inMarch 2020
(eFig. 1 in Supplement) (Luo et al. 2023; Hale et al., 2021). We thus
divided the study time into three periods: the pre-pandemic period
(January 2017 to February 2020), transition period (March 2020)
and post-introduction period (April 2020 to the end of the study
period).

The outcomes of this study were the changes in the number of
incident cases and the incidence rates of the seven mental health
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diagnoses during the COVID-19 pandemic. Diagnostic codes used
for the ascertainment of these mental health conditions were
shown in eTable 2 in Supplement.

Statistical analysis

For each database, the incidence rates for each mental diagnosis
between 2017 and 2021 were calculated by dividing the total num-
ber of incident cases per month or year by the total number of all
unique individuals during the same period. The monthly number
of incident cases and the incidence in 2020 and 2021 were com-
pared to 3-year averages in the same months between 2017 and
2019.

Two interrupted time-series analyses were conducted to esti-
mate the impact of the national restrictions and containment
strategies on the number of incident cases and the incidence of
mental health diagnoses separately, using the quasi-Poisson regres-
sion models. Data in the transition period (March 2020) were
excluded to account for the time people took to react to the
lockdown restrictions (Mansfield et al., 2021). Time (in months)
was included as a continuous variable in the model to account
for the underlying pre-pandemic trend. Pandemic restriction sta-
tus was measured by a binary variable (0: pre-pandemic period;
1: post-introduction period) to quantify the immediate change
(i.e., level change) in the number of incident cases and the inci-
dence following the introduction of national restrictions and
containment strategies. An interaction term between time and
pandemic restrictionswas used to estimate the gradual change (i.e.,
slope change) after the restrictions were introduced. All param-
eters were expressed as rate ratios (RRs) with a 95% confidence
interval (CI).The Fourier term was included to control for season-
ality and other long-term trends (Bhaskaran et al., 2013; Turner
et al., 2021b). The Newey-West standard errors were calculated to
correct the possible autocorrelation and possible heteroscedasticity
(Turner et al., 2021a, 2021b).

Two sensitivity analyses were conducted by using different tran-
sition periods: i) February 2020 and ii) from March to April 2020,
to estimate the effect of misclassification of the transition period.
All analyses were performed in R software (version 4.1.2) (R Core
Team, 2022).

The current study was part of a multinational project entitled
‘Covid-19 pandEmic impacts on mental health Related conditions
Via multi-database nEtwork: a LongitudinaL Observational study
(CERVELLO)’. The study protocol of CERVELLO was drafted,
reviewed and iteratively updated by an international team of aca-
demic, clinical and industry stakeholders through the OHDSI
network. The protocol and all analytical codes of CERVELLO are
publicly available on GitHub (https://github.com/ohdsi-studies/
CervelloPrevalence).

Role of the funding source

The funders of the study had no role in study design, data collec-
tion, data analysis, data interpretation or writing of the report.

Results

A total of 629,712,954 individuals were included in nine databases
between 2016 and 2021, ranging from 280,926 individuals in
South Korea KUN to 561,757,636 individuals in US Open Claims.
Eight of nine databases had a higher proportion of females than
males (average proportions of female individuals across the study

period ranged from 50.42% in the UK to 57.32% in France),
whereas South Korea AUSOM included an average of 49.43%
female individuals (eTable 3 in Supplement). Individuals aged
below25 years accounted for 54.96% inUSMDCD, and individuals
aged 65 years or older accounted for 98.57% in US MDCR, repre-
senting the youngest and oldest population among the databases.
Regarding the remaining databases, except for the UK and US
Open Claims, individuals aged 45–64 years predominated for all
databases, ranging from 28.83% in France to 34.88% in South
Korea AUSOM.

In most databases, the highest yearly number of incident cases
and the incidence were observed in the year 2017 (Table 1). For
instance, in France, anxiety disorders had the highest number of
incident cases and the incidence (93,626 and 1.52%, respectively)
in 2017, while the highest yearly number of incident cases and
incidence was observed in depressive disorders in the remaining
countries except for South Korea and the UK (Germany: 127,902
[1.11%]; Italy 21,846 [1.59%]; US MDCD: 561,164 [4.16%]; US
MDCR: 100,819 [7.20%]; US Open Claims: 8,809,768 [2.28%]).

Figure 1 shows the monthly number of incident cases of seven
mental health diagnoses. Compared to the 3-year historical level,
we found significant decreases in the number of incident cases of
all mental health diagnoses during the initial phase of the pan-
demic in France, Italy, South Korea, the UK and the US, except for
depressive disorders and psychoses in South Korea AUSOM and
psychoses in South Korea KUN. After the acute phase of the pan-
demic, the monthly number of incident cases gradually increased
but remained lowered than the 3-year historical level by the end
of the study period in most countries. However, in US MDCD
and MDCR, the incident cases of most mental health diagnoses
recovered to or exceeded pre-pandemic levels.

Figure 2 shows the monthly incidence of seven mental health
diagnoses. Similarly, a considerable decline in the incidence of
mental health diagnoses was observed during the early stage of the
pandemic in France, Italy, South Korea KUN, the UK and the US,
with the exception of anxiety and bipolar disorders, and psychoses
in France, and depressive disorders, alcoholmisuse or dependence,
and psychoses in South Korea KUN.There was no reduction in any
mental health diagnoses in Germany and South Korea AUSOM.
Since mid-2020, the incidence of all diagnoses gradually returned
to or surpassed the 3-year historical level, except for some condi-
tions which remained below (i.e., bipolar disorders in South Korea
KUN, all conditions except for personality disorders in the UK, all
conditions except for depressive and anxiety disorders, and alcohol
misuse or dependence in US MDCD, and personality disorders in
USMDCR). Patterns varied by country. For example, the incidence
of mental health diagnoses in France has returned to the historical
level since mid-2020, whilst the increase only became apparent in
US MDCR in early 2021.

Figure 3 shows results from interrupted time-series analyses of
the monthly number of incident cases of sevenmental health diag-
noses. Substantial decreases in the number of incident cases were
observed immediately following the introduction of restrictions
(i.e., level change) in common mental illnesses (i.e., depressive
disorders, anxiety disorders, alcohol misuse or dependence and
substance misuse or dependence) in the UK and all mental health
conditions in the US, ranging from the RR of 0.005 (95% CI,
0.001–0.022) in substance misuse or dependence in US MDCR to
0.677 (0.516–0.889) in alcohol misuse or dependence in US Open
Claims (Fig. 3a and eTable 4 in Supplement). All these were fol-
lowed by a gradual increase (i.e., slope change) after the acute phase
of the COVID-19 pandemic (Fig. 3b and eTable 4 in Supplement).

https://github.com/ohdsi-studies/CervelloPrevalence
https://github.com/ohdsi-studies/CervelloPrevalence


6 Chai et al.

Figure 1. Monthly number of incident cases of seven mental health diagnoses in 2020 and 2021 and historical averages for that month from 2017 to 2019.
Vertical dashed lines represent February and April 2020.
The vertical solid line represents January 2021.

Results from interrupted time-series analyses of the monthly
incidence of seven mental health diagnoses indicated that for
most databases, the incidence trends were consistent acrossmental
health conditions (Fig. 4). Substantial immediate decreases in the
incidence of all mental health diagnoses were found in all countries
except for South Korea. In the UK, a significant decline was also
only observed in commonmental illnesses.The immediate changes
ranged from the RR of 0.002 (95% CI, 0.000–0.007) in substance
misuse or dependence inUSMDCR to 0.422 (0.328–0.543) in alco-
hol misuse or dependence in US Open Claims (Fig. 4a and eTable
7 in Supplement). Figure 4b and eTable 7 in Supplement show
that the incidence of mental health diagnoses in these databases

then increased gradually after the acute phase of the COVID-19
pandemic.

eFigures 2 and 3 show the observed and predicted trends
based on the interrupted time-series models of incident cases
and the incidence from interrupted series analyses, respectively.
Results from sensitivity analyses were generally consistent with our
main results (eTables 5–6 and 8–9 in Supplement).

Discussion

In this multinational network study, we compared the number of
incident cases and the incidence of seven mental health diagnoses
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Figure 2. Monthly incidence of seven mental health diagnoses in 2020 and 2021 and historical averages for that month from 2017 to 2019. Vertical dashed lines represent
February and April 2020.
The vertical solid line represents January 2021.

before and during the COVID-19 pandemic using population-
representative electronic health records and claims data from nine
databases across six countries.We found that the incident cases and
the incidence of mental health diagnoses declined considerably
after the introduction of national restrictions and containment
strategies, and it gradually returned to or exceeded the pre-
pandemic level in 2021 in most countries.

Previous studies reported significant declines in both hospi-
tal admissions and emergency department visits in many coun-
tries, including the US, the UK, Canada, Italy, Spain, France and
Germany, indicating the dynamic adaptation of healthcare sys-
tems in response to the COVID-19 pandemic (Di Domenico et al.,
2020; Jaehn et al., 2021; Mulholland et al., 2020; Nourazari et al.,
2021; Nuñez et al., 2020; Rennert-May et al., 2021; Scaramuzza
et al., 2020). From the perspective of mental health conditions,

two studies from the UK suggested that the primary care-recorded
diagnoses of depression, anxiety disorders and common mental
health problems had reduced by 43.0%, 47.8% and 50%, respec-
tively, in April or May 2020 compared to the expected level (Carr
et al., 2021;Williams et al., 2020). Another population-based study
in the UK found considerable reductions in the incidence of pri-
mary care contacts for depression (odds ratio = 0.53), anxiety
disorders (0.67) and severe mental illness (0.80) after 29 March
2020 and until 18 July 2020 (Mansfield et al., 2021). Our study
not only provides more up-to-date data in the UK but for the first
time also examined the number of incident cases and the incidence
of diagnoses of mental health conditions during the pandemic in
five other countries (i.e., France, Germany, Italy, South Korea and
the US). There are some possible explanations for the decline in
diagnoses. First, individuals with mild mental health issues might
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Figure 3. (a) Estimates of the immediate change (i.e., level change) in monthly number of incident cases of seven mental health diagnoses. (b) Estimates of the gradual
change (i.e., slope change) in monthly number of incident cases of seven mental health diagnoses.
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Figure 4. (a) Estimates of the immediate change (i.e., level change) in monthly incidence of seven mental health diagnoses. (b) Estimates of the gradual change (i.e., slope
change) in monthly incidence of seven mental health diagnoses.
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prefer not to visit clinics or hospitals for treatment because of
the fear of cross-infection by COVID-19 (Moreno et al., 2020).
Second, to reduce COVID-19 transmission, strict infection con-
trol strategieswere implemented in almost allmental health service
premises, including reducing the number of appointments, tight-
ening the admission criteria and treating urgent cases only, which
increased barriers to accessing mental health support (Percudani
et al., 2020; Sheridan Rains et al., 2021; Xiang et al., 2020).
Additionally, it is also possible that individuals have altruistically
followed the government’s advice to ‘Stay at Home’ for the broader
purpose of the well-being of the community and protecting the
healthcare system (Miles et al., 2021). Due to concerns about
COVID-19 infection, restrictions on outdoor activities and trav-
elling, and altruism to stay home, individuals with mental health
conditions may have opted not to seek mental healthcare during
the acute phase of the COVID-19 pandemic.

Although several systematic reviews and meta-analyses
have reported that the prevalence of people experiencing
symptoms of mental health conditions has increased dur-
ing the pandemic (Ahmed et al., 2023; Cénat et al., 2021;
Troglio da Silva and Neto, 2021; Wu et al., 2021; Xiong et al.,
2020), we found substantial reductions in the incident diagnoses
of mental health conditions. This might indicate that many people
experiencing mental health problems, who would have expected
to benefit from receiving mental healthcare, did not access health
services during the pandemic. It is reasonable to speculate that
there would be an increase in the demand for mental health
services following the early stage of this pandemic.This hypothesis
was supported by three studies in the UK, which observed
increasing trends in mental health condition diagnoses following
the acute phase of the pandemic (Carr et al., 2021; Mansfield et al.,
2021; Williams et al., 2020). However, the observation period of
these studies ended in September 2020, and almost all studies
found that the rate of diagnoses of the studied conditions had not
returned to the expected (or pre-pandemic) levels. There has been
an urgent need for data after September 2020 to comprehensively
evaluate the long-term impact of COVID-19 on mental health
conditions (Carr et al., 2021). In addition to the potential surge
in demand as restrictions were lifted, the unmet need and delays
in diagnosis may have exacerbated symptoms of mental health
conditions, resulting in an increased risk of self-harm, suicide
and other adverse outcomes (Chai et al., 2020; Kisely et al., 2006;
Qin, 2011). Our results suggest that there was a sustained period
of unmet need during the early phase of the pandemic, and the
incident cases and the incidence of mental health diagnoses in
most countries continuously increased since mid-2020, often
recovering to or exceeding historical averages. As a result of
increased incidences of mental health disorders post-pandemic,
healthcare systems might be at risk of being overloaded. Findings
from the current study should be used by healthcare providers
to plan future service provision. Sustained adaptations may be
necessary to mitigate the mental healthcare burden that is directly
or indirectly caused by delays in diagnoses and treatment ofmental
health conditions. There should be a focus on the importance
of maintaining accessibility to mental health help-seeking and
intervention by leveraging technology with tele/digital means and
collaborative community support to cope with the abrupt hidden
mental problems followed by overcrowding across the acute and
post-pandemic period.

To our best knowledge, this study is the first to systematically
examine the effect of national COVID-19 restrictions and policies
on the diagnoses of a wide range ofmental health conditions across

countries, with the longest follow-up time since the start of the pan-
demic. Our study is a collaborative OMOP CDM project in which
the same coding and analytical practice enabled rapid and timely
investigation of different geographical areas and healthcare systems
in a standard and systematic way (Luo et al. 2023; Lau et al., 2022).
Data from large and diverse databases allowed us to understand
how these vulnerable populations were affected by the pandemic
across healthcare systems.

This study has limitations. Firstly, the databases included in
this research consisted of medical records from different health-
care settings, ranging from primary care to insurance claims.
Therefore, the comparison of the absolute incident cases and inci-
dence between different databases or countries should be with
caution. However, this would not affect within database com-
parisons. Secondly, an individual with multiple insurance plans
could havemultiple identification numbers in the USOpen Claims
database. This could lead to an overestimation of the total number
of patients in the database. However, as our analyses were based on
the monthly number of incident cases and incidence, it is unlikely
that patients would have multiple insurance plans in the same
month. Hence, the effect on the estimation is expected to be min-
imal. Thirdly, findings generated from some databases may have
limited generalizability. For example, South Korean databases only
contained data from two hospitals and were more likely to cap-
ture people with severe symptoms. The mental health services for
these severe cases might have been less affected by the COVID-19
pandemic, which could be a possible explanation for the non-
significant reduction in the diagnosis of mental health conditions
in South Korea. Further investigations incorporating population-
level data sources from South Korea are required to validate our
results. Additionally, more than 99% of people in the US MDCR
database were aged 45 years and above. However, results from this
older population were consistent with that observed in US Open
Claims, which consists of all-age patients. Finally, in addition to
mental health conditions, the COVID-19 pandemic may have also
resulted in a decline in the diagnosis of physical diseases, such
as cardiovascular events and metabolic disorders. Further multi-
national investigation is warranted to explore the changes in the
diagnoses of physical diseases during the pandemic.

Conclusion

There was a reduction in the incident cases and the incidence
of mental health diagnoses in many countries immediately after
the implementation of stringent national COVID-19 containment
strategies. Since the incident cases and the incidence of men-
tal health diagnoses returned to the pre-pandemic level by 2021
in most countries, stakeholders and mental healthcare providers
should prepare for potentially delayed but increased demand for
care in response to the patients who were not able to access health-
care services for appropriate and timely diagnoses. For exam-
ple, enhancing population knowledge about mental health and
COVID-19 and leveraging technological advances such as tele-
health and remote care delivery can help reduce barriers to treat-
ment and improve access to mental health interventions and care.
Fostering partnerships between mental health providers, schools,
workplaces, community organizations and service users can cre-
ate a comprehensive mental healthcare network for implementing
effective publicmental health interventions. Furthermore, the pan-
demic presents a crucial opportunity to mitigate disparities in
previous mental healthcare provision. By prioritizing high-quality
and equitable mental healthcare, the current mental healthcare
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delivery system can be improved to meet the rising demand and
future-proof services against further pandemic threats.

Supplementary material. The supplementary material for this article can
be found at https://doi.org/10.1017/S2045796024000088.
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