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Background
Although there is now substantial evidence on the acute impacts
of the COVID-19 pandemic on anxiety disorders, the long-term
population impact of the pandemic remains largely unexplored.

Aims
To quantify a possible longitudinal population-level impact of the
pandemic by projecting the prevalence of anxiety disorders
through 2030 among men and women aged up to 95 years in
Germany under scenarios with varying impacts of the pandemic
on the incidence of anxiety disorders.

Method
We used a three-state illness–death model and data from the
Global Burden of Disease Study to model historical trends of the
prevalence and incidence of anxiety disorders. The German
population projections determined the initial values for projec-
tions. The COVID-19 incidence rate data informed an additional
incidence model, which was parameterised with a wash-in per-
iod, delay, wash-out period, incidence increase level and decay
constant.

Results
When no additional increase in the incidence during the pan-
demic waves during 2020–2022 was assumed, it was estimated

that 3.86 million women (9.96%) and 2.13 million men (5.40%)
would have anxiety disorders in 2030. When increases in inci-
dence following pandemic waves were assumed, the most
extreme scenario projected 5.67 million (14.02%) women and
3.30 million (8.14%) men with the mental disorder in 2030.

Conclusions
Any increased incidence during the pandemic resulted in ele-
vated prevalence over the projection period. Projection of anx-
iety disorder prevalence based on the illness–death model
enables simulations with varying assumptions and provides
insight for public health planning. These findings should be
refined as trend data accumulate and become available.
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Anxiety disorders impose a large burden on the global population,1

with an estimated prevalence of 301 million globally (4.1%) and 5.7
million (7.1%) in Germany in 2019.2 Anxiety disorders are charac-
terised by excessive, persistent and function-impairing fear and
anxiety of perceived threats, with subtypes such as specific
phobias, panic disorder, social anxiety disorder and generalised
anxiety disorder; they disproportionately affect women and are
often undertreated.3–5

COVID-19 and anxiety disorders

The emergence of the coronavirus disease (COVID-19) pandemic
in 2020 highlighted the potential mental health impacts of both
the virus itself and pandemic control measures, and these were
quickly identified as urgent public health concerns.6 COVID-19
can directly (i.e. as neuropsychiatric sequelae of COVID-19)
and indirectly (i.e. via societal changes due to pandemic control
measures) negatively affect mental health and has increased
anxiety and depression symptoms, although findings vary greatly,
with many methodological limitations.7 For instance, the Global
Burden of Disease (GBD) Study reported a 25.6% increase in the
prevalence of anxiety disorders globally during 2020, based on 27 eli-
gible studies identified through a systematic review.8 Conversely, a
living systematic review of studies comparing time periods before
and during the pandemic reported minimal changes in mental
health symptoms.9

Although inconclusive, the growing evidence has shed light on
the immediate effects of the COVID-19 pandemic on anxiety dis-
orders, which may be magnified if new cases of anxiety disorders
are not identified and intervened in appropriately. The long-term
mental health consequences of the pandemic at the population
level, however, remain uncertain and require investigation.
The need for a better understanding of the longitudinal popula-
tion-level mental health impact of the pandemic is underscored
by the increasing number of infectious disease outbreaks
globally.10 Determining how long the mental health effects of
COVID-19 may last and quantifying such impacts in terms
of the prevalence of anxiety disorders could provide insights for
future emergency plans and resource allocation for psychological
and psychiatric care.

Illness–death model

Multistate modelling provides a structure for projecting long-term
disease burden in a specific country or region where general popu-
lation fluctuations can be estimated. Althoughmultistate models are
commonly used in infectious disease epidemiology, their use in
chronic disease research is still emerging.11,12 The illness–death
model, which compartmentalises a population into different
health states and relates incidence, prevalence, remission and mor-
tality, can be applied to a wide range of chronic diseases, including
psychiatric disorders.13

Our study aimed to estimate the burden of the COVID-19 pan-
demic on anxiety disorders in terms of disease prevalence during
and beyond the pandemic, by projecting the numbers of men and† Joint last authors.

BJPsych Open (2024)
10, e174, 1–8. doi: 10.1192/bjo.2024.754

1
https://doi.org/10.1192/bjo.2024.754 Published online by Cambridge University Press

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://crossmark.crossref.org/dialog?doi=https://doi.org/10.1192/bjo.2024.754&domain=pdf
https://doi.org/10.1192/bjo.2024.754


women aged up to 95 years with anxiety disorders in Germany
from 2019 to 2030, using the illness–death model and simulating
varying patterns of anxiety disorder incidence following the
pandemic waves.

Method

Data sources
Epidemiological data of anxiety disorders

We obtained age- and sex-specific incidence and prevalence esti-
mates for anxiety disorders in Germany from 1990 to 2019 from
the GBD study.14 These estimates are a combined estimate of all
anxiety disorder subtypes, with ICD codes F40–42, F43.0, F43.1,
F93.0–93.2 and F93.8 and DSM-IV-TR codes 300.0–300.3, 308.3,
309.21 and 309.81.1

Population projection

The German population projections by age and sex up to 2070 were
obtained from the Federal Statistical Office of Germany.15 From a
total of 27 variations of the population projections provided, we
used the variant 2 projection, which assumed a stable fertility rate,
moderate increase in life expectancy and moderate net migration.15

From these population growth estimates, we drew the initial values
and expected fluctuations due to both birth and death for our
projection.

COVID-19 incidence

Weekly COVID-19 incidence rates from the onset of the pandemic
in 2020 to the end of 2022 were obtained from SurvStat@RKI 2.0, a
database maintained by the Robert Koch Institute (RKI), the gov-
ernmental public health institute of Germany.16

Statistical analysis

We applied a three-state illness–death model with discrete time
steps, in which individuals within a population transitioned
between the ‘susceptible,’ ‘diseased’ and ‘dead’ states (Fig. 1). In irre-
versible chronic diseases, the relevant rates of transition from one
state to another are the incidence i, the mortality rate among the
susceptible m(0) and the mortality rate among the diseased m(1).
However, although anxiety disorders can be long-lasting, remission
is often possible and is a desired treatment outcome.3,17

Consequently, the inclusion of the remission probability, r, where
the diseased move back to the susceptible state, is crucial for under-
standing the epidemiology of anxiety disorders.

Notation

We denote populations in the susceptible and diseased compart-
ments of the illness–death model as follows:

Sk = number of individuals at time tk in the susceptible state;
Ck = number of individuals at time tk in the diseased state.

Further, we denote transition rates between the three states as
follows:

ik = incidence rate;
m(0)

k =mortality rate among susceptible individuals;
m (1)

k =mortality rate among individuals with the disease;
rk = remission probability among individuals with the disease;

where tk = kτ with τ > 0, k = 0, 1,…
Sk and Ck at time tk + 1 and at the preceding time tk can be

expressed using difference equations as

Skþ1 ¼ Sk � ik � Sk þ rk � Ck � m(0)
k � Sk ð1Þ

Ckþ1 ¼ Ck þ ik � Sk � rk � Ck � m(1)
k � Ck ð2Þ

The disease prevalence p at time tk + 1 can in turn be expressed as

pkþ1 ¼ Ckþ1

Skþ1 þ Ckþ1

and the prevalence odds π at time tk + 1 is

πkþ1 ¼ pkþ1

1� pkþ1
¼ Ckþ1

Skþ1
¼ (1 � rk � m(1)

k )� πk þ ik

rk � πk þ (1 � ik � m(0)
k )

ð3Þ

The derived recursion formula (Eq. 3) allows us to estimate the
prevalence odds π at time tk + 1 based on the preceding time point
tk. Repeated application of this formula allows us to make a projec-
tion of the prevalence odds, or another transition rate of interest,
into the future for a specified period. Further details of the deriv-
ation are provided elsewhere.13 The age-stratified versions of
these formulae were used for our analyses.

Estimation of transition rates

We fitted natural cubic spline models to the historical incidence and
prevalence estimates from the GBD study as a function of age and
time for each sex group. Currently, no age- or sex-specific mortality
rates for anxiety disorders in Germany are available. However, a
meta-analysis indicated a 1.4-fold all-cause mortality risk among
individuals with anxiety disorders compared with those without.18

Hence, we modelled the mortality rates among the diseased and

DeSusceptible
Sk

DeadDiseased
Ck

ik

rk

mk
(0)

mk
(1)

Fig. 1 Illness–death model. The population under consideration is divided into three compartments: susceptible Sk, diseased Ck and dead.
Arrows between the states indicate possible transitions: incidence rate ik, mortality rate among the susceptible m(0)

k , mortality rate among the

diseased m(1)
k and remission probability among the diseased rk.
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the susceptible linearly, reflecting the mortality risk ratio of 1.4 and
incorporating our assumption of a gradual decrease inmortality risk
over time with an expected improvement in the disease and
comorbidity management. Further, the rate of decrease in the mor-
tality risk over time can be expected to be more rapid in the disease
group, as has been observed in other chronic diseases.19 In terms of
remission, to our knowledge, there is no existing evidence on the
age- or sex-specific probability of remission for patients with
anxiety disorders. Given the prevalence, incidence and mortality
estimates, however, we estimated the remission probability by the
recursive application of Eq. 3 solved for rk:

rk ¼ (1 � m(1)
k ) � πk � (1 � m(0)

k ) � πkþ1þ (1þ πkþ1) � ik
(πkþ1 þ 1) � πk

ð4Þ

By combining the estimated remission probability with the inci-
dence and mortality rates, we estimated the number of individuals
in each of the illness–death model compartments at a specific
time point and into the future, given a starting value for each
state. Such estimates constitute a projection of anxiety disorder
cases and thus the prevalence of anxiety disorders in the German
population when respective transition rates (i.e. incidence, mortality
and remission) follow historical trends. Essentially, these projec-
tions show what the prevalence of anxiety disorders might have
been if the COVID-19 pandemic had had no impact on them
(scenario 0).

Modelling increased anxiety incidence following pandemic waves

An increase in anxiety and depressive symptoms has been observed
to follow the increase in COVID-19 cases, with a noticeable spike in
symptoms in the early months of the pandemic.20,21 We therefore
modelled an increase in the incidence of anxiety disorders that fol-
lowed the pandemic waves, which was then added to the baseline
incidence model to project disease cases from the onset of the pan-
demic in 2020 to 2030. Hereafter, we describe howwe parameterised
this additional incidence model.

By the end of 2022, six pandemic waves were reported to
have passed,22 and the RKI COVID-19 incidence rate data de-
monstrated an additional seventh wave at the end of 2022. Wave
peaks were identified by fitting multiple Gaussians to the COVID-
19 incidence rate data, and wave durations were approximated by
the full width at half maximum (FWHM) of each wave peak.
The FWHM for a Gaussian function can be calculated by

FWHM ¼ 2
ffiffiffiffiffiffiffiffiffiffiffiffiffi
2lnð2Þp

× s:d: where s.d. is the estimated standard
deviation.23

We then modelled the anxiety disorder incidence to rise linearly
during each wave, using the following modelling parameters with
deterministic assumptions: wash-in and wash-out period, delay,
incidence increase level and decay (Supplementary Figure 1). The
wash-in period Win characterises the period from the start of a
given pandemic wave to the time when the anxiety disorder inci-
dence peaked during the wave, and the wash-out period Wout

represents the time between the point the elevated anxiety dis-
order incidence started to decline and the point when the inci-
dence was no longer elevated above what would be expected
from historical trends before the pandemic (Win =Wout = 0.1,
0.2 or 0.3). For each wave, a delay Δ was introduced, during
which the COVID-19 incidence started to subside, whereas the
anxiety disorder incidence remained elevated (Δ = 0.0, 0.25 or
0.5). The magnitude of the increase in anxiety disorder
incidence at the peak, h0 = 1.0, 5.0 or 10.0, was set to gradually
diminish from one wave to another, at a rate of exponential
decay λ = 0.1, 0.2 or 0.3, assuming individual adaptation to soci-
etal changes and uncertainty, less stringent restriction measures,

and increased prevention and treatment options. We then ran
projections for combinations of these model parameters (Win,
Wout, Δ, h0 and λ) from 2019 to 2030. All 82 simulated scenarios
and combinations of the incidence model parameters are sum-
marised in Supplementary Table 1 available at https://doi.org/
10.1192/bjo.2024.754. The projection period was chosen to
cover the critical initial years of the pandemic and the following
years of transition to long-term management.

Software

All analyses were performed using R 4.2.1 and RStudio 2023.06.0
+421.24,25 The analysis code is publicly available at https://github.
com/chisato-ito/idm_anxiety_disorders.

Ethics approval

This study is a secondary analysis of publicly available and anon-
ymised data-sets containing no individually identifiable data and
thus required no additional ethics approval.

Results

Figures 2 and 3 show the projected prevalence of anxiety disorders
in Germany from 2019 to 2030 among women and men, respect-
ively. Supplementary Figures 2 and 3 show the projected numbers
of anxiety disorder cases among women and men, respectively.
The results of ten selected scenarios, of a total of 82, are presented
in Table 1. Variations in the Win and Wout parameters resulted in
relatively small changes in the results compared with those that
occurred when Δ, h0 and λ were varied. Therefore, in scenarios 7,
13, 19, 34, 40, 46, 61, 67 and 73, which are shown in Figs. 2 and 3
and Supplementary Figs. 2 and 3,Win andWout were kept constant
at 0.10; that is, both the wash-in period and wash-out period were
assumed to be 10% of each pandemic wave duration.

At the start of 2020, before COVID-19 was declared a pandemic,
the estimated number of cases of anxiety disorders were 3.90million
(prevalence: 9.47%) among women and 1.97 million (prevalence:
4.89%) among men (Table 1).

In our baseline projection (scenario 0), we assumed that all tran-
sition rates in the illness–deathmodel would follow historical trends
even after the start of the pandemic, with no sudden spikes in inci-
dence occurring during the pandemic waves. Under this scenario,
3.87 million (9.56%) women and 2.02 million (5.02%) men were esti-
mated to have anxiety disorders in 2023. Then, at the end of the pro-
jection period in 2030, we estimated 3.86 million cases (9.96%) in
women, a slight decrease in the absolute number but a slight increase
in the prevalence; and 2.13 million cases (5.40%) in men, an increase
in both the absolute number and the prevalence over time.

We observed the smallest change in anxiety disorder cases and
prevalence compared with baseline in scenario 19, where Δ was set
to 0 (i.e. the start of decline in anxiety disorder incidence aligned
with the end of the pandemic wave as defined by FWHM), λ = 0.3
and h0 was set to 1 (i.e. a maximum 100% increase in incidence).
In this scenario, after the seven pandemic waves in 2023, 4.01
million women (9.95%) and 2.13 million men (5.32%) would have
anxiety disorders, compared with 3.94 million women (10.18%)
and 2.18 million men (5.52%) in 2030.

The most extreme changes were observed in scenario 61, where
Δ = 0.5, λ = 0.1 and h0 = 10. Under scenario 61, in 2023, 7.25 million
(16.64%) women and 4.78 million (11.18%) men were estimated to
suffer from anxiety disorders. The estimated values for 2030 were
much lower than the peak values for 2023, with 5.67 million
(14.02%) women and 3.30 million (8.14%) men expected to have
anxiety disorders in this scenario.

Anxiety disorder during and beyond COVID‐19
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Under scenarios 1–81, in both sexes, the estimated numbers of
cases and prevalence remained elevated compared with the baseline
projection (scenario 0) through 2030. Results for all 82 scenarios are
provided in Supplementary Table 2.

Discussion

We aimed to estimate the impact of the COVID-19 pandemic on
mental health by analysing the sex-specific prevalence of anxiety disor-
ders in Germany, from 2019 (pre-pandemic) through the onset of the
pandemic in 2020, to 2030. We used a three-state illness–death model
with discrete time steps to project numbers of individuals with anxiety
disorders over this period. To account for the varying impact of the
pandemic, we considered multiple scenarios with different modelling
parameters to simulate different patterns of increase in anxiety inci-
dence following the seven pandemic waves from 2020 to 2022.

In our baseline projection, we assumed that the age- and sex-
specific incidence of anxiety disorders would simply follow the his-
torical trend, unaffected by the pandemic. The results showed a
slight decrease in the absolute number of disease cases in women
and a slight increase in men, as well as a small (<1%) increase in
the prevalence in both sexes, by the end of the projection period
of 2030 compared with the start of 2020. However, in the 81 alter-
native scenarios in which we modelled temporary incidence increases

of different magnitudes, durations and decay around the pandemic
waves, the increases in numbers of cases and prevalence persisted
throughout the projection period (Supplementary Table 2).

We set one of themodelling parameters, the extent of increase in
anxiety disorder incidence at its peak, h0, to 1, 5 and 10. These values
equate to +100%, +500% and +1000% increases in incidence,
respectively. Although these values may appear quite extreme, it
was only when h0 = 10 (scenario 61 in Figs. 2 and 3 and
Supplementary Figs. 2 and 3) that we observed an approximately
25% increase in the prevalence of anxiety disorders for the total
population at the beginning of 2021. This increase aligns with the
rise attributed to the COVID-19 pandemic by the GBD study in
2021,8 which estimated a 25.6% (95% uncertainty interval
23.2–28.0) change in global prevalence of anxiety disorders due to
the pandemic in a meta-regression based on data from 27 studies
published between January 2020 and January 2021.8 At the end of
2020, Germany was only in the midst of the second pandemic
wave; this was followed by five more waves in the subsequent 2
years.22 If the incidence of anxiety disorders continued to rise
during these following waves, as projected in scenario 61, we
would anticipate a far greater disease burden by 2030, with approxi-
mately 5.67 million women (prevalence: 14.02%) and 3.30 million
men (prevalence: 8.14%) affected by anxiety disorders. However,
it is important to highlight that the currently available evidence
on the relationship between the COVID-19 pandemic and mental
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Fig. 2 Projected prevalence of anxiety disorders among women in Germany from 2019 to 2030. Prevalence (%) of anxiety disorders among
women in Germany from 2019 to 2030, projected with the illness–death model under ten selected scenarios. In scenarios 7, 13 and 19,
the extent of the increase in incidence at its peak h0 was set to 1. Scenario 7 assumed a large delay and a small decay constant (Δ = 0.5; λ = 0.1);
scenario 13 mimicked a moderate delay and decay (Δ = 0.25; λ = 0.2) and scenario 19 simulated no delay and a large decay constant (Δ = 0; λ =
0.3). In scenarios 34, 40 and 46, h0 was set to 5. We provided scenario 34 with a large delay and a small decay constant (Δ = 0.5; λ = 0.1), scenario
13 with a moderate delay and decay (Δ = 0.25; λ = 0.2) and scenario 19 with no delay and a large decay (Δ = 0; λ = 0.3). In scenarios 61, 67 and 73,
h0 was set to 10. We provided scenario 61 with a large delay and a small decay constant (Δ = 0.5; λ = 0.1), scenario 67 with a moderate delay and
decay (Δ = 0.25; λ = 0.2), and scenario 73 with no delay and a large decay (Δ = 0; λ = 0.3).
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health is mixed and sometimes contradictory.7,9 For instance, Sun
et al9 reported no negative changes in general mental health (stan-
dardised mean difference (SMD) 0.11, 95% CI −0.00 to 0.22) or
anxiety symptoms (SMD 0.05, 95% CI −0.04 to 0.13) between
pre-COVID-19 and pandemic periods in their meta-analyses,
which included 11 cohorts for general mental health and four
cohorts for anxiety symptoms. As such, a large increase in the preva-
lence of anxiety disorders, as projected in scenario 61, may be too
extreme and possibly unrealistic. By contrast, our projection
results in which the magnitude of the incidence increase at its
peak was set h0 = 5 and h0 = 1 provide more moderate to conserva-
tive estimates of the anxiety disorder burden trajectory in Germany.
Furthermore, we assumed that the remission probability would
remain stable, which may have resulted in conservative estimates,
as incident cases of anxiety disorders during pandemic waves
could have had a lower probability of remission if they were not
identified and treated in an appropriate and timely manner. In add-
ition, it is important to consider the projected increase in the preva-
lence of anxiety disorders in conjunction with other changes due to
the pandemic, such as care utilisation and resource availability, as

the current evidence points to stable emergency department visits
but an increase in use of telehealth care.26,27

For this study, we modelled the additional incidence of anxiety
disorders to follow the COVID-19 incidence waves. This was based
on empirical evidence showing increases and decreases in anxiety
symptoms following the fluctuations of SARS-CoV-2 infections.21

We took a deterministic approach to model the rise and decline
of incidence linearly. We focused on a small set of parameters,
namely the wash-in period, delay, wash-out period, increase in inci-
dence and decay constant, given our exploratory aim and limited
understanding of any direct influence of COVID-19 on anxiety dis-
orders. Further, we designed the models in such a way that the mag-
nitude of increase in the anxiety disorder incidence would diminish
gradually with variation in the decay constant λ. This assumed that
individuals adapted to the pandemic and related societal changes,
given the evidence of resilience seen in various populations.28 As
more population-level data on anxiety disorders during the pan-
demic become available, and as we gain a clearer understanding
of the link between COVID-19 and anxiety disorders, future work
should focus on testing and refinement of the model.
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Fig. 3 Projected prevalence of anxiety disorders amongmen in Germany from 2019 to 2030. Prevalence (%) of anxiety disorders amongmen in
Germany from 2019 to 2030, projected with the illness–death model under ten selected scenarios. In scenarios 7, 13 and 19, the extent of the
increase in incidence at its peak h0 was set to 1. Scenario 7 assumed a large delay and a small decay constant (Δ = 0.5; λ = 0.1); scenario 13
mimicked a moderate delay and decay (Δ = 0.25; λ = 0.2) and scenario 19 simulated no delay and a large decay constant (Δ = 0; λ = 0.3). In
scenarios 34, 40 and 46, h0 was set to 5. We provided scenario 34with a large delay and a small decay constant (Δ = 0.5; λ = 0.1), scenario 13with
a moderate delay and decay (Δ = 0.25; λ = 0.2) and scenario 19 with no delay and a large decay (Δ = 0; λ = 0.3). In scenarios 61, 67 and 73, h0 was
set to 10. We provided scenario 61 with a large delay and a small decay constant (Δ = 0.5; λ = 0.1), scenario 67 with a moderate delay and decay
(Δ = 0.25; λ = 0.2) and scenario 73 with no delay and a large decay (Δ = 0; λ = 0.3).
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Our study had several limitations. First, the sex- and age-specific
prevalence and incidence rate estimates from the GBD study we
used are not primary data but estimates based on thousands of
data sources evaluated using a Bayesian meta-regression tool
DisMod-MR.1 Although there may be concerns about the use of
this method in data-scarce regions, it is less problematic for well-
documented areas such as Germany. Second, the meta-analysis we
used for the mortality rates18 was not tailored to specific demo-
graphics such as sex and age, or country. Given the sex disparity
in anxiety disorders, more detailed data would improve the
model’s performance. The limited availability of mental health
data in Germany also poses a challenge. A national effort by the
RKI to establish a mental health surveillance system is underway.29

Third, we assumed that mortality rates would decrease more
rapidly among those with anxiety disorders than among the sus-
ceptible over time, based on trends observed in other non-psychi-
atric diseases such as diabetes.19 Although we must be cautious in
making assumptions about the disease course of a mental disorder
based on non-psychiatric conditions, a decreasing trend in mortal-
ity rates can be reasonably assumed for those with anxiety disor-
ders if we expect the treatment and the management of the
disorders, as well as other important aspects such as somatic
comorbidity and substance use, to improve over time. Continued
efforts to build on our current understanding of anxiety disorders
and mortality rates18,30 are required to better inform the magni-
tude of such a decline. Fourth, our modelling of anxiety disorder
incidence involved several assumptions. For instance, although
we linked anxiety symptoms to SARS-CoV-2 infection waves, an
increase in mental health symptom levels do not necessarily
equate to an increase in clinical cases. Moreover, the mental
health impact of the pandemic varies based on factors including
age, sex and education.7 People with pre-existing mental illness
may also be disproportionately affected by the pandemic.31 The
proposed illness–death model does not account for this diversity,

treating everyone in the same state equally. However, the scenarios
we simulated provide a range of macro-level transition rate esti-
mates, which can be tested against when more data become avail-
able. Fifth, we assumed that the prevalence of anxiety disorders was
comparable between the resident and migrant (both immigrant
and emigrant) populations. It has been shown that changes in
disease prevalence over time do not depend on migration when
the prevalence among the two groups is the same; moreover,
even if the prevalence differs between the two populations
differs, if the number of migrants is small, the impact of migration
on prevalence will be negligible.11 However, given existing inequal-
ities in mental healthcare access between migrants and non-
migrants and the recent influx of refugees (who generally bear a
greater mental health burden) due to the Russian invasion of
Ukraine, further research on the mental health of migrant popula-
tions is necessary.32,33

Our approach to using the discrete time-step illness–death
model allows forecast of the prevalence of anxiety disorders under
various scenarios. We demonstrated its feasibility to estimate tran-
sition rates and characterise pandemic waves with publicly available
data and relative ease of application. This modelling approach could
be extended to other mental disorders. The results revealed that
even a small, temporary increase in the incidence of anxiety disor-
ders during pandemic waves could lead to a sustained increase in
disease burden for many years beyond the pandemic itself.
Although interpretation of the results requires caution owing to
our limited understanding of the actual trends in anxiety disorder
epidemiology following the COVID-19 outbreak in Germany, the
projections could serve as a vital tool for mental healthcare resource
planning and policy formulation. Continued efforts to gather
mental health data and iterative refinement of the model are essen-
tial for a more accurate understanding of the distribution of anxiety
disorders and the longitudinal population impacts of the COVID-
19 pandemic.

Table 1 Projected numbers of cases and prevalence of anxiety disorders in 2020, 2021, 2023 and 2030 in Germany, by sex and scenario

Estimated numbers of cases and prevalence of anxiety disorders in Germany by sex

2020 2021 2023 2030

Scenario Win Wout Δ λ h0

Cases
(millions)

Prevalence
(%)

Cases
(millions)

Prevalence
(%)

Cases
(millions)

Prevalence
(%)

Cases
(millions)

Prevalence
(%)

Women
0 0.00 0.00 0.00 0.00 0.00 3.900 9.47 3.887 9.49 3.867 9.56 3.860 9.96
7 0.10 0.10 0.50 0.10 1.00 3.900 9.47 3.969 9.69 4.226 10.42 4.051 10.44
13 0.10 0.10 0.25 0.20 1.00 3.900 9.47 3.959 9.67 4.098 10.14 3.983 10.28
19 0.10 0.10 0.00 0.30 1.00 3.900 9.47 3.950 9.65 4.014 9.95 3.938 10.18
34 0.10 0.10 0.50 0.10 5.00 3.900 9.47 4.297 10.41 5.614 13.39 4.790 12.11
40 0.10 0.10 0.25 0.20 5.00 3.900 9.47 4.248 10.30 5.002 12.10 4.462 11.38
46 0.10 0.10 0.00 0.30 5.00 3.900 9.47 4.201 10.20 4.591 11.22 4.246 10.89
61 0.10 0.10 0.50 0.10 10.00 3.900 9.47 4.703 11.28 7.254 16.64 5.665 14.02
67 0.10 0.10 0.25 0.20 10.00 3.900 9.47 4.605 11.07 6.090 14.36 5.041 12.66
73 0.10 0.10 0.00 0.30 10.00 3.900 9.47 4.512 10.87 5.296 12.72 4.622 11.74
Men
0 0.00 0.00 0.00 0.00 0.00 1.974 4.89 1.988 4.93% 2.017 5.02 2.128 5.40
7 0.10 0.10 0.50 0.10 1.00 1.974 4.89 2.054 5.09% 2.305 5.72 2.250 5.70
13 0.10 0.10 0.25 0.20 1.00 1.974 4.89 2.046 5.08% 2.201 5.48 2.206 5.59
19 0.10 0.10 0.00 0.30 1.00 1.974 4.89 2.039 5.06% 2.133 5.32 2.177 5.52
34 0.10 0.10 0.50 0.10 5.00 1.974 4.89 2.320 5.72% 3.430 8.28 2.726 6.82
40 0.10 0.10 0.25 0.20 5.00 1.974 4.89 2.280 5.62% 2.927 7.16 2.511 6.32
46 0.10 0.10 0.00 0.30 5.00 1.974 4.89 2.242 5.53% 2.594 6.39 2.371 5.99
61 0.10 0.10 0.50 0.10 10.00 1.974 4.89 2.650 6.48% 4.780 11.18 3.297 8.14
67 0.10 0.10 0.25 0.20 10.00 1.974 4.89 2.571 6.29% 3.811 9.12 2.882 7.19
73 0.10 0.10 0.00 0.30 10.00 1.974 4.89 2.495 6.12% 3.160 7.68 2.609 6.55

Win, wash-in period, a period from the start of a given pandemic wave to the time when the anxiety disorder incidence peaks during the wave;Wout, wash-out period, a time between the
point when the elevated anxiety disorder incidence starts to decline and that when the incidence is no longer elevated above expected based on historical trends; Δ, delay, during which the
COVID-19 incidence starts to subside, while the anxiety disorder incidence remains elevated; h0, the magnitude of the increase in the incidence of anxiety disorders at the peak; λ, decay
constant at which h0 gradually diminishes from one wave to another.
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