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The COVID-19 pandemic has intensified the global burden of mental disorders, yet the gap between observed and counterfactual
burdens without the pandemic, especially for major depressive and anxiety disorders, remains unexplored. To assess this gap,
including its impact on specific regions and populations, thereby guiding future mental health services and policy development.
Data of age-standardized prevalence rate (ASPR), age-standardized incidence rate (ASIR) and age-standardized disability-adjusted
life years rate (ASDR) for mental disorders from 1990 to 2021 were extracted from the Global Burden of Disease dataset. This study
employed a counterfactual model that combines Autoregressive Integrated Moving Average and Long Short-Term Memory to
assess the impact of the COVID-19 pandemic on the global burden of mental disorders by quantifying the difference between
actual and predicted rates. In 2021, mental disorders were more prevalent in higher Social Development Index (SDI) regions such as
the North Americas, and European region. During the COVID-19 pandemic (2020-2021), these regions, including countries like
Denmark and the United States, saw significant increases in the ASPR, ASIR and ASDR of mental disorders, far exceeding
predictions. Globally, the ASIR for men increased from a predicted 3917 to an observed 4435 per 100,000, while for women, it rose
from a predicted 5497 to an observed 6382 per 100,000. Specific disorders like major depressive disorder and anxiety disorders
showed even larger discrepancies, with ASPR of anxiety disorders exceeding predictions by 1135 and 1043 per 100,000 in Bolivia
and Peru, respectively, and ASIR of major depressive disorder in Greenland surpassing predictions by 1156 per 100,000. The
pandemic also had a significant impact on mental health across different age groups, with individuals aged 15-40 years
experiencing the greatest increase in anxiety and major depressive disorders, particularly among women. In conclusion, during the
COVID-19 pandemic, the global burden of mental disorders far exceeded the counterfactual predictions, with major depressive and
anxiety disorders showing the largest increases. This underscores the pandemic’s severe impact on mental health and the urgent
need for enhanced global mental health services, including ongoing evaluation and support.
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INTRODUCTION

Mental disorders, ranking among the top 10 globally prevalent
diseases over the past three decades, have consistently been a
leading contributor to the global burden [1], accounting for
approximately 14% of the total disease burden [2]. In 2019, the
global burden of mental disorders reached 125.3 million disability-
adjusted life years (DALYs) (93.0-163.2), representing 4.9%
(3.9-6.1) of the total global DALYs [1]. According to the latest
World Health Organization (WHO) report, approximately 970
million people worldwide suffer from mental disorders, with
anxiety and depression being the most prevalent and severe [3].
Compared to the general population, patients with mental
disorders often exhibit negative behaviors such as higher smoking
rates, substance use, physical inactivity, and poor diet [4], resulting

in a mortality rate more than twice that of the general population
and a relatively shorter life expectancy [5, 6]. With the rapid
changes in global socio-economic conditions and lifestyles, the
burden of mental disorders has significantly increased over the
past few decades [7-9].

From 2020 to 2023, the COVID-19 pandemic precipitated
profound health [10] and economic consequences worldwide,
further exacerbating this trend, as lockdowns, isolation measures,
economic uncertainty, and widespread health crises around the
world have led to a marked rise in mental health issues [11]. A
study reports a notable surge in anxiety and depression cases in
2020, linked to the COVID-19 pandemic, potentially stemming
from containment strategies [12]. The impact of the pandemic on
mental health has been particularly severe in regions with higher
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Social Development Index (SDI). In Eastern Europe, a notable
29.4% surge in major depressive disorder cases and a 30.8%
increase in anxiety disorders were observed [13].

However, the gap between the observed burden of mental
disorders during the pandemic and predicted levels, especially for
depression and anxiety disorders, has not been fully assessed.
Currently, numerous models have been developed to forecast
disease burden, including the Autoregressive Integrated Moving
Average (ARIMA) model, which is widely utilized for predicting the
incidence of infectious diseases with complex long-term trends,
and the Long Short-Term Memory (LSTM) model, which identifies
patterns in historical data to forecast future disease trajectories.
Some investigations have successfully applied the LSTM model to
predict mental disorders at the individual level [14], and the
integration of these two models has been shown to enhance
predictive accuracy [15]. However, no existing research has yet
developed a model to predict the global burden of mental
disorders.

To address this gap and better understand the global impact,
this study is the first to compare the actual prevalence, incidence,
and DALYs of mental disorders during the pandemic with
predicted values. Furthermore, it explores the implications of this
gap across different regions and age groups, offering valuable
insights for the development of future mental health services and
policy interventions.

METHODS

Data collection

The 2021 Global Burden of Disease (GBD) dataset furnished data on the
annual age-standardized prevalence rate (ASPR), age-standardized
incidence rate (ASIR) and age-standardized disability-adjusted life years
rate (ASDR) with 95% uncertainty interval (Ul) associated with 12 mental
disorders: major depressive disorder, anxiety disorders, schizophrenia,
autism spectrum disorders, dysthymia, bipolar disorder, conduct
disorder, idiopathic developmental intellectual disability (IDID), anorexia
nervosa, bulimia nervosa, attention—deficit/hyperactivity disorder
(ADHD), other mental disorders in 204 countries and territories, ranging
from 1990 to 2021. The definition of mental disorder and its
12 subcategories has been documented elsewhere [1]. Additionally,
we analyzed health loss due to mental disorders across WHO regions
(Region of Americas, European Region, Eastern Mediterranean Region,
South-East Asia Region, African Region and Western Pacific Region), SDI
levels (High, High-middle, Middle, Low-middle and Low Region), age
groups (in five-year increments), and sex. Data were collected from the
Global Health Data Exchange (GHDx) query tool, an online data
repository (http://ghdx.healthdata.org/gbd-results-tool, accessed on 17
May 2024). Earlier research has outlined the basic procedures for the
GBD 2021 [16].

The COVID-19 Government Response Tracker (GRT) was utilized to
compile regulations enacted during the COVID-19 pandemic [17]. The
Containment Health Index (CHI) measures the number and intensity of
closure and containment policies, as well as policies towards disease
surveillance. This index includes non-pharmacological interventions (NPIs)
such as school closures, workplace closures, public event cancellations,
restrictions on gatherings, closing public transport, stay-at-home require-
ments, movement restrictions and facial coverings. The first seven NPIs
were classified as physical distancing if any one measure was implemen-
ted, while facial coverings were recognized when specifically enforced.
Based on the types of NPIs, countries were classified into four groups:
Group A (no facial coverings or physical distancing), Group B (only physical
distancing), Group C (only facial coverings), and Group D (both facial
coverings and physical distancing). The World Bank’s website provided
demographic and economic data for 204 countries and territories in 2020
and 2021 (https://data.worldbank.org/?ask).

Models descriptions

ARIMA Model encompasses the autoregressive (AR) and moving average
(MA) components. Rooted in the theory that time-dependent random
variable data series exhibit autocorrelation patterns captured by the ARIMA
model, allowing for future predictions based on historical data. The model
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ranks among the most universal methods in time series prediction,
boasting a high level of accuracy [18-20].

In contrast, LSTM, an advanced machine learning algorithm leveraging a
recurrent neural network architecture, is designed to retain short-term
learning and facilitate long-term training [21]. It incorporates three crucial
gating mechanisms: input gate (it), forgetting gate (ft) and output gate (ot),
which orchestrate the deletion of irrelevant information, the updating of
salient data, and the controlled release of information within the cell state,
respectively. Several studies have employed the ARIMA model and the
LSTM model to predict chronic disease trends [18, 22, 23]. Previous studies
have demonstrated that the ARIMA-LSTM combined model offers superior
predictive capabilities, particularly for morbidity data, which inherently
exhibits non-linear and non-smooth time series characteristics [18].

For forecasting the global burden of mental disorders during
2020-2021, we trained our models using historical data on ASPR, ASIR,
and ASDR for mental disorders from 1990 to 2016, while the period from
2017 to 2019 was reserved for validation. The ARIMA model refers to the
direct application of ARIMA, which captures only linear dependencies, to
generate forecasts for 2017-2019; its predictions for this period are
denoted as Y;. The ARIMA-LSTM combined model was constructed in
several steps. First, we calculated the residuals between the ARIMA
forecasts (Y;) and the observed values for 2017-2019, thereby extracting
the nonlinear components that ARIMA alone could not capture. Next, these
residuals were used to train an LSTM model, which produced predictions
of the residual sequence for 2017-2019, denoted as Y,. The final combined
forecasts were obtained by summing Y; and Y,, thus integrating both the
linear and nonlinear components of the data. Model performance was
evaluated using Root Mean Square Error (RMSE) and Mean Absolute Error
(MAE) on the validation set (2017-2019). We then compared the ARIMA
model with the ARIMA-LSTM combined model, and the model yielding
lower error metrics was selected to forecast the global burden of mental
disorders during 2020-2021.

Statistical analysis
The 2021 global mental disorders landscape was characterized by ASPR,
ASIR, and ASDR. Comparative analyses of two-year average (2018-2019
pre-pandemic vs. 2019-2020 post-pandemic) was calculated across 204
countries and territories, 6 WHO regions and 5 SDI levels. We then
estimated the Annual Percentage Change (EAPC) for ASPR, ASIR, and ASDR
of mental disorders from 1990 to 2018, which was achieved by fitting a
log-linear regression model to delineate annual trends. ARIMA model and
the ARIMA-LSTM combined model were utilized to predict the ASPR, ASIR,
and ASDR of mental disorders in 2020 and 2021 across different countries
and territories, 6 WHO regions and 5 SDI levels. Additionally, to quantify
the impact of COVID-19 and the NPIs implemented against COVID-19 on
mental disorders, the difference was used as the primary metric, defined
by the formula: difference = observed rate - predicted rate. Furthermore,
to mitigate potential confounding factors arising from regulatory
interventions, multiple multivariable generalized linear models (GLM) were
constructed to investigate the association between CHI and the disparity
between actual and predicted mental disorder outcomes in 2020 and
2021. CHI was stratified into low and medium-to-high groups using tertile
categorization. Following this, we assessed the difference of ASPR, ASIR
and ASDR for mental disorders among different CHI levels and NPIs.
ARIMA modeling was performed by R 4.3.2 leveraging the forecast::au-
to.arima() function, while LSTM and the hybrid model fitting and
predictions were executed in Python 3.1. All results achieved statistical
significance at P < 0.05 with two sides.

RESULTS

In 2021, the global mental health burden remained substantial,
with reported ASPR, ASIR, and ASDR of 13,554 (95% Ul
12,525-14,677), 5460 (95% Ul: 4874-6241), and 1909 (95% Ul
1440-2438) per 100,000, respectively. These figures were notably
higher in high SDI regions, including Greenland (ASPR: 18,972
[95% Ul: 16,755-21,421]; ASIR: 11,345 [95% Ul: 9041-14,171];
ASDR: 3062 [95% Ul: 2211-4094]) and Portugal (ASPR: 19,936 [95%
Ul: 17,055-22,999]; ASIR: 8913 [95% Ul: 7111-11,290]; ASDR: 3038
[95% Ul: 2167-3968]) (Fig. 1A). Between 1990 and 2019, the global
ASPR, ASIR, and ASDR of mental disorders decreased annually by
0.14% (95% [confidence interval]Cl: 0.11%-0.17%), 0.18% (95% Cl:
0.11%-0.24%), and 0.07% (95% Cl: 0.04%-0.10%), respectively
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Global Trends and Impact of the COVID-19 Pandemic on Mental Disorders (1990-2021). A ASPR, ASIR and ASDR of mental disorders

in 2021; B Difference between pandemic and pre-pandemic indicated the rates odds of the mean rates of 2020-2021 minus the mean rate of
2018-2019; C Difference between actual and predicted rates during the pandemic indicated the rates odds of the actual rates of

2020-2021 minus the predicted rate of 2020-2021;

D Actual and predicted rates of mental disorders from 1990 to 2021. ASPR: age-

standardized prevalence rate; ASIR: age-standardized incidence rate; ASDR: age-standardized disability-adjusted life years rate.

(Supplementary Figure 1). However, the COVID-19 pandemic
(2020-2021) led to a significant increase in these rates, particularly
in regions severely affected by the pandemic. Notable increases
were observed in Greenland (ASPR: 2216; ASIR: 2436; ASDR: 440
per 100,000) and the United States (ASPR: 1935; ASIR: 1785; ASDR:
354 per 100,000) (Fig. 1B).

During the pandemic, the actual disease burden exceeded
predictions, with an additional ASPR of 12,528; ASIR of 4699; and
ASDR of 167 per 100,000 individuals. This was especially
pronounced in regions with high socioeconomic conditions, such
as Greenland (ASPR: 2403; ASIR: 2656; ASDR: 483 per 100,000), the
United States (ASPR: 2003; ASIR: 1758; ASDR: 363 per 100,000), and
Peru (ASPR: 2221; ASIR: 1107; ASDR: 338 per 100,000) (Fig. 1C). The
pandemic period also saw notable increases in both men and
women across ASPR, ASIR and ASDR. Specifically, the global ASIR
for men increased from a predicted 3917 to 4435 per 100,000,
while for women, it rose from 5497 to 6382 per 100,000. Similarly,
the ASPR for men increased from 12,010 to 12,623 per 100,000,
and for women, it rose from 13,005 to 14,085 per 100,000. The
ASDR for men rose from 1607 to 1715 per 100,000, and for
women, it increased from 1870 to 2054 per 100,000 (Fig. 1D).

During the COVID-19 pandemic, the global ASPR, ASIR, and
ASDR for mental disorders markedly exceeded pre-pandemic
predictions, with the most pronounced deviations observed in
high SDI regions, notably region of the Americas and European
region (Fig. 2). This divergence was particularly accentuated
among females. Among specific mental disorders, major depres-
sive disorder and anxiety disorders exhibited the greatest
increases, with observed ASPR, ASIR, and ASDR substantially
surpassing predicted values during the pandemic period.

Globally, for major depressive disorder, the ASPR in Greenland
and Tunisia was 780 and 532 per 100,000, respectively, exceeding
the predicted values; the ASIR in Greenland was 1156 per 100,000
higher than predicted; and the ASDR in Greenland and the United
States of America were 160 and 106 per 100,000, respectively
higher than predicted. For anxiety disorders, Bolivia and Peru
showed the largest increases above predicted levels for anxiety
disorders, with ASPR at 1135 and 1043 per 100,000, ASIR at 183
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and 169 per 100,000, and ASDR at 135 and 125 per 100,000,
respectively (Fig. 3).

The impacts of the COVID-19 pandemic on the ASPR, ASIR and
ASDR of mental disorders are depicted in Fig. 4. Among 12 mental
disorders, major depressive disorder and anxiety disorders
exhibited the most pronounced increases in ASPR, ASIR, and
ASDR, particularly among individuals aged 15-40 years, with the
rise being especially marked in females. In contrast, dysthymia
exhibited greater increases in the 40-70-year age group. Child-
hood emerged as a high-risk period for elevated ASPR and ASDR
of IDID and ADHD. Furthermore, schizophrenia exhibited a notable
increase in ASPR among individuals aged 35-60 years during the
pandemic period.

The predicted and actual rates for mental disorders, major
depressive disorder, and anxiety disorder from 1990 to 2021
were presented in Fig. 5. Predictions for mental disorders and
major depressive disorder were made using an ARIMA model,
while a combined ARIMA-LSTM model was employed for anxiety
disorders. Both models demonstrated strong predictive perfor-
mance, with RMSE and MAE values below 20 (Supplementary
Table 1). During the two-year COVID-19 pandemic period (2020-
2021), the global mean differences between actual and
predicted rates for mental disorders were substantial: ASPR:
928; ASIR: 720; ASDR: 157 per 100,000. Major depressive disorder
and anxiety disorder were the primary contributors to these
differences. Specifically, for major depressive disorder, the
differences were ASPR: 410; ASIR: 617; ASDR: 82 per 100,000,
while for anxiety disorder, they were ASPR: 628; ASIR: 102; ASDR:
74 per 100,000.

It is noteworthy that the CHI, alongside other factors such as the
female-to-male gender ratio and urban proportion, exhibits a
positive correlation with the average rate differences of disease
burden for mental disorders, major depressive disorder and
anxiety disorders (Supplementary Figure 2A). Among these
variables, the CHI stands out as a pivotal factor in influencing
these disparities. Regions with a middle-high CHI score exhibited
notably higher average rate differences than those with low CHI
scores (Supplementary Figure 2B). In low-CHI regions, no
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mask use.

DISCUSSION
In this study, the results indicated that region of Americas,
European region, and other regions with high socioeconomic
conditions, had higher disease burden of mental disorders,

highlighting the urgent need to improve mental health services
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and social support systems. Compared to the pre-pandemic
period, the COVID-19 pandemic showed a significant increase in
the ASPR, ASIR, and ASDR of mental disorders in Greenland,
Bolivia, Peru and the United States, which reflected the challenges
faced by different regions in mental health during the pandemic,
particularly in countries severely impacted by COVID-19 and with
stringent NPIs. These findings underscore the need for global
public health strategies to include mental health considerations,
particularly in response to future pandemics. The disproportionate
impact on major depressive and anxiety disorders among females
and high-SDI regions calls for proactive mental health interven-
tions, enhanced accessibility to services, and targeted support for
vulnerable populations. Additionally, mental health should be
prioritized in global policy development, ensuring sustained
infrastructure and services to address both immediate and long-
term mental health needs during global health crises.

This study employs both ARIMA and an ARIMA-LSTM combined
model for time series forecasting [24]. ARIMA is well suited for
modelling linear temporal patterns, whereas LSTM networks are
capable of capturing complex nonlinear dynamics. The
ARIMA-LSTM combined model has demonstrated high predictive
accuracy in domains such as economics and environmental
science [25]. However, its application in forecasting the burden
of mental health disorders remains limited within the field of
epidemiology. Our study is among the first to implement this
hybrid modelling approach for predicting the burden of mental
disorders. Model selection was based on RMSE and MAE, ensuring
optimal model performance across scenarios. Consistent with
previous findings that highlight the superior predictive perfor-
mance of ARIMA-LSTM over standalone ARIMA models, our results
further demonstrate reduced error metrics [18]. Notably, the
combined model in our analysis achieved lower RMSE and MAE
values than those reported in prior studies [26], underscoring its
enhanced accuracy in this context.

The impact of COVID-19 on mental disorders is multifaceted.
From a pathological standpoint, the psychopathological
mechanisms underlying post-COVID-19 depression symptoms
are primarily associated with the viral infection triggering a
cytokine storm, leading to systemic inflammation. This excessive
inflammation can damage the blood-brain barrier, resulting in
central nervous system inflammation [27]. Additionally, SARS-
CoV-2 can directly reach and trigger an inflammatory process
within the nervous system, contributing to the development or
exacerbation of mental health symptoms such as depression
[28]. A national symptom monitoring survey conducted in the UK
in 2020 indicated that individuals with symptomatic SARS-CoV-2
infection had a significantly higher risk of experiencing moderate
to severe anxiety (OR: 2.41, 95% Cl 2.01-2.90) and depression (OR:
3.64, 95% Cl 3.06-4.32) compared to those who had never
experienced symptoms [29]. The COVID-19 pandemic has
exerted a profound and multifaceted impact on the global
population, extending far beyond the direct effects of the virus
itself. Rather, it is the intricate interplay of a constellation of
pandemic-associated factors that has contributed to the
substantial burden on mental health. These factors encompass
a wide range of domains, including social, environmental, and
psychological aspects, as well as the limited availability of mental
health services. From a sociological perspective, the losses of
financial stability, future prospects, and family resources pre-
cipitated by the COVID-19 pandemic may be associated with
probable depression [30]. In addition to social factors, govern-
mental response measures also play a significant role. Our study
reveals that, globally, countries or regions with stricter imple-
mentation of NPIs have a higher disease burden of mental
disorders. This observation is consistent with findings from a
study of older adults in Europe, which reported that individuals
living in countries with more stringent government measures
were more likely to report increased levels of depression [31].
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Research from various regions suggests a marked rise in the
prevalence of depression and anxiety symptoms during periods
of social restrictions [32, 33]. Furthermore, the highly contagious
and potentially fatal nature of the virus, coupled with the
pervasive fear of infection, has significantly contributed to the
psychological burden and driven the increased prevalence of
anxiety and depression. A global systematic review suggests that
daily SARS-CoV-2 infection rates were associated with an
increased prevalence of major depressive disorder (regression
coefficient 18.1, 95% Cl 7.9 to 28.3, p=0.0005) and anxiety
disorders (0.9, CI 0.1 to 1.7, p=0.022) [34]. Amidst this
widespread psychological strain, mental health services in many
countries have been severely disrupted. The inability of some
individuals to access timely professional support and treatment
has further exacerbated the persistence and severity of mental
health issues [35].

The study’s findings revealed that during the COVID-19
pandemic, the actual occurrence of mental disorders significantly
surpassed predictions, underscoring the profound impact of the
pandemic on mental health and the significant challenges
countries faced in managing this crisis. This was particularly
evident in the United States, Brazil, India, the United Kingdom, and
Russia, where the mental health burden greatly exceeded
expected levels. Additionally, the actual ASPR of mental disorders
during the pandemic was significantly higher than predicted,
especially in high SDI regions, such as region of the Americas and
Eastern Mediterranean region, consistent with findings from
previous studies [34]. Several interrelated factors may underlie
this disproportionate increase. First, High SDI countries had stricter
and longer lockdowns that, though necessary for infection control,
limited social interactions and increased isolation, worsening
mental health [36]. Secondly, heightened media exposure and the
digitalisation of daily life may have amplified psychological stress,
especially in populations already vulnerable to anxiety and mood
disorders [37]. Finally, higher baseline expectations for economic
and social stability in high SDI settings may have intensified the
psychological impact of pandemic-induced uncertainties [38, 39].
In this study, the results highlight the significant and growing
burden of mental disorders over the past three decades, with a
particularly sharp increase observed during the COVID-19
pandemic. The marked rise in ASIR rates and ASDR for both
men and women demonstrate how the pandemic has exacer-
bated existing mental health challenges. The discrepancy between
predicted and actual outcomes indicates that current mental
health systems may be inadequate to cope with the surge in
cases, especially during global crises like a pandemic.

The data also reveal significant variations in the ASPR, ASIR, and
health burden of mental disorders across age groups, with anxiety
and depressive disorders having the most profound impact on
health during middle age. In 2021, our observations revealed that
while the global distribution of mental disorders remained
comparable to the period from 1990 to 2019 [1], there was a
notable increase in the disease burden. Depression and anxiety
disorders continue to be significant contributors to the global
disease burden, with ASPR and ASIR estimates that are relatively
higher than other diseases. Importantly, the COVID-19 pandemic
had a disproportionately greater impact on women. For both
major depressive disorder and anxiety disorders, the rise in
prevalence among women outpaced that observed in men. This
gender gap is largely explained by the intersection of pre-existing
gender inequalities with stressors introduced by the pandemic.
Women experienced heightened economic pressures, including
higher unemployment rates and pronounced instability in female-
dominated sectors such as healthcare and education. They also
shouldered increased caregiving responsibilities, frequently ser-
ving as primary caregivers for children and elderly relatives during
lockdowns [40]. At the same time, a disturbing rise in gender-
based violence further exacerbated psychological distress among
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women [41]. Together, these factors intensified the mental health
burden among women, underscoring the need for gender-
responsive interventions to mitigate disparities exacerbated by
the pandemic. Additionally, the rise in mental health issues among
middle-aged adults may be linked to increased work-related stress
during the pandemic, due to sudden changes in work practices,
social distancing, heightened stress, and unemployment, all of
which have exacerbated the burden of mental illness in this
demographic [42, 43].

Some limitations of our study should be mentioned. Firstly, due
to data constraints, we were unable to incorporate countries or
regions where socioeconomic indicators and NPl measures were
not available, potentially introducing a bias in our assessment of
the association between CHI and the average rate differences.
Secondly, variations in socioeconomic conditions and NPI
measures across different regions within countries were not
accounted for at a finer level, which may have contributed to
spatial heterogeneity in our results.

In conclusion, during the COVID-19 pandemic, the global ASPR,
ASIR, and ASDR of mental disorders markedly exceeded predicted
levels, with the greatest increases observed in high-SDI regions such
as North America and Europe. Specific mental disorders, particularly
major depressive disorder and anxiety disorders, showed substan-
tial surges in burden. Moreover, women experienced a dispropor-
tionately higher impact from anxiety and depressive disorders.
These findings demonstrate the profound adverse effect of the
pandemic on global mental health, especially in high-SDI settings
and among women, and highlight the urgent need to reinforce
mental health services and support systems worldwide.
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