
Abstract
The aim of the study was to estimate the effect of the COVID-

19 pandemic and response policies on the psychiatric ward
admissions in the hospitals referring to the ASST Lariana (province
of Como, Italy) and the Hospital of Mendrisio (Canton of Ticino,
Switzerland), two similar territories that belong to countries that
dealt differently with the pandemic. We compared the two territories
for type of admission (voluntary vs. compulsory), the Stringency
Index (SI) and the country’s number of admission in Intensive Care
Units (ICU). We found a significant reduction in the psychiatric
ward admission in the lockdown period in both territories, even in
periods with milder lockdown measures. The admission rate’s
reduction in the ASST Lariana was significantly associated with the
ICU admissions (p<0.001). In the Hospital of Mendrisio, admissions
included a weekly seasonality, were significantly correlated with SI
(p=0.001) and period (pre-pandemic and pandemic; p<0.001) and
we observed also a significant reduction of compulsory admission
that is influenced both by the stringency index (p<0.001) and period
(p<0.001). The differences between the two territories seem
influenced by the different mental health systems.

Introduction
The COVID-19 pandemic has led to a worsening of the mental

health status,1,2 with a significant increase in rates of depression
and anxiety disorders, which are also risk factors for suicide
behavior.3-6 Some authors7,8 pointed out that lockdown could lead
to short and medium-long term psychological distress. Moreover,
patients in psychiatric care could find more difficult to schedule
follow-up face to face visits and be less compliant towards the pre-
scribed psychotropic drugs.9,10 However, to evaluate the more
severe burden of pandemic and lockdown on mental health status,
the investigation of psychiatric hospitalizations is an essential
index, since it is well known that patients with psychiatric comor-
bidity are linked with longer hospitalization also in internal
medicine wards.11 Surveys carried out during the first wave of the
pandemic3,6,12-19 showed a reduction in the overall number of psy-
chiatric ward admissions, but not for compulsory admissions3,6,12-
15,17,20 and in high acuity units;16 by contrast, in a survey carried out
in Sweden (where lockdown measures were lighter),21 the number
of hospitalizations during the pandemic overlapped that of the pre-
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vious years. In studies investigating the post-lockdown period and
the following waves of the pandemic (with the consequent of new
restrictions), the number of admissions either reached (without
exceeding) the numbers of pre-pandemic period,6,15,17,21,22 or
remained slightly lower.19,20,23 However, none of these studies com-
pared data from two or more different countries. The aim of our
study was to estimate the effect of the COVID-19 pandemic
response policies on the psychiatric ward admissions in the hospi-
tals referring to the ASST Lariana (province of Como, Italy) and
the Hospital of Mendrisio (Canton of Ticino, Switzerland). We
compared two similar territories for extension, culture, wealth, cli-
mate, and gastronomy, that belong to countries that dealt with the
pandemic with a different approach. 

Materials and Methods
This is a historical retrospective observational study. This

manuscript follows the RECORD reporting guidelines for
observational studies using routinely collected health data. We
obtained from the administrative databases which have coverage
for inpatient care, the admission counts from all the psychiatric
wards referring to the province of Como (ASST Lariana) and the
Canton of Ticino (Hospital of Mendrisio) between the period March
1st 2020-February 28th 2022. The Province of Como has a population
of 594,941 inhabitants24 in the north of the Lombardy region of
Italy; the ASST-Lariana include all the three psychiatric wards
(Como, Cantù and Menaggio) of the catchment area with a total of
43 beds (0.72 beds/10000 inhabitants). The Canton of Ticino is the
only Italian speaking canton of Swiss Confederation with a
population of 350,98625 inhabitants. The hospital of Mendrisio
covers half of the psychiatric beds of the catchment area, with 146
beds/350,986 inhabitants (over 292 beds in Ticino). The two
territories are very similar for extension, culture, wealth, climate,
and gastronomy, but belongs to different countries.

Italy and Switzerland used different lockdown measures for the
pandemic. In fact, between March 9th and May 3rd 2020 (first wave),
the Italian Government imposed a national lockdown, restricting
the movements of the population except for certified needs such as
work and health circumstances, and the temporary closure of non-
essential services, productive activities and businesses. Then, there
was partial return to the workplace, shops and restaurants reopened,
though schools, gyms and theaters remained closed. Students
returned at school gradually during the scholastic year 2020-2021.
By contrast, in Switzerland, the restrictions in the whole were
limited to non-essential services, while productive activities and
businesses remained open, even in the first wave of the pandemic.
Schools remained closed only between March 16th and May 8th,
2020. Records information included type of admission (voluntary
vs. compulsory), the stringency index that is a composite measure
based on nine response indicators including school closures,
workplace closures, and travel bans, rescaled to a value from 0 to
100 (100 =strictest).26 If policies vary at the subnational level, the
index shows the response level of the strictest subregion, and the
country’s admission records in Intensive Care Units (ICU). Data
about daily ICU patients in Italy was obtained from official GitHub
repository of “Protezione Civile”.27 Data about ICU patients in
Switzerland were obtained from the federal office of public health
and reported and commented by the canton physician office of the
canton of Ticino.28 Daily Stringency Index in the two countries was
downloaded from https://ourworldindata.org.29

Ethical approval was not required for this study as it was

conducted on cumulative daily admissions counts and data freely
available on the internet from state register or research institutions.
All analysis and data manipulation were conducted using R version
4.2.1. Source code and data will be available upon request.

Statistical analysis
The presented data are in the form of time-series daily rate.

While count and rate date typically follow a Poisson distribution, it
can’t be assumed count at a given day t is independent from count
at day t+1. In addition, in this type of data there may be also form
of seasonality. To account for both potential autocorrelation and or
seasonality we hypothesized an autoregressive Poisson model for
time-series30 with the following functional structure for both ASST
Lariana and Hospital of Mendrisio:

νt=µ+β’Z+α’ν*+η’X                                                                  (1)

where νt= g(λt) = log λt, with λt= E(Yt|Ft−1) = Var(Yt|Ft−1) for the
Poisson assumption Yt|Ft−1∼Poisson(λt) where Ftis the history of the
joint process {Yt,λt,X t+1: t∈N}, µ is the intercept, β’=
[β1,...,βk,...,βK]vector of autoregressive coefficents of the ik-thorder,
Z=[Zt−i1,...,Zt−ik,...Zt−iK]’vector of the transformed observations Zt−ik=
g (Yt−ik)=log(Yt−ik+1), α’=[α1,...,αl,...,αL] vector of the transformed
conditional means of the jl-thorder ν∗ = [νt- j1, . . . , νt-jl, . . . , νt-

jL]’where νt-jl= g(λt-jl) =log(λt-jl), η’=[η1,...,ηp,...,ηP]vector of the
coefficients relative to the P co-variatesX=[X1,...,XP]’. We
considered models with all the possible combinations of three
coefficients for autocorrelation and seasonality: the first and the
seventh auotoregressive order and the seventh order conditional
mean. Then we selected the best combination of three possible
covariates: the stringency index, the national count of ICU patients
and the period of exposure (pre-pandemic vs. pandemic). 

As we supposed that data are either significantly correlated
and/or present a significant seasonality, we decided to statistically
compare models with and without the introduction of the
corresponding parameters. As some models in the comparison are
not nested, we couldn’t use the likelihood ratio tests. In fact,
likelihood ratio test is valid only when comparing nested model. We
selected the best model according to the lowest Bayesian
Information Criterion (BIC), an alternative to the likelihood ratio
test for comparing different models even if they are non-nested. We
implemented the following selection strategy, divided into two
major steps: i) the first step to choose which order include for the
autoregressive model and/or the conditional mean among all the
possible combinations; ii) the second step to choose the best
combination of covariates. The best model at the first step moved
up the second step. The best model at the second step was then
selected as the final model and used for parameters estimates. This
strategy allowed us to account for potential autocorrelation and
seasonality before selecting the covariates of interest to include in
the final models. The covariates of interest were subjected to the
selection process in the second step because we didn’t assume that
a model with all of them was best fitting the data. In other words,
we didn’t give for granted that neither all nor any of them was useful
in predicting the daily count of admission. The selection process
was conducted independently for the two areas of interest, for
overall and compulsory treatment. Therefore, a total of four final
models was obtained: one for overall admissions in Como, one for
overall admission in Canton Ticino, one for compulsory treatment
in Como and one for compulsory treatment in Canton Ticino.
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Results
According to BIC, the final model for overall admissions in

ASST Lariana was the autocorrelated Poisson model of the seventh
order with seventh order seasonality and ICU patients as the only
covariate (BIC: 3994); the final model for overall admissions in the
Hospital of Mendrisio was the the autocorrelated Poisson model of
the seventh order with seventh order seasonality and Stringency
Index and Period (pre-pandemic vs pandemic) as covariates (BIC:
4947); the final model for compulsory admissions in ASST Lariana
was the null model (BIC: 1111); the final model for compulsory
admissions in Hospital of Mendrisio was the autocorrelated Poisson
model of the seventh order with seventh order seasonality and
Stirngency Index and Period (pre-pandemic vs pandemic) as
covariates (BIC: 3671). Parameters estimates, standard errors,
confidence intervals and p-values are reported in Table 1. 

According to the model selected for overall psychiatric
admissions in ASST Lariana, the increase of 1 point rate in ICU
patients is associated with a decrease in the daily rate of psychiatric

admissions of about 1.3% (rate-ratio: 0.9872, CI: 0.9826-0.9917,
p<0.0001). Restricting to compulsory treatments, no
autocorrelation, seasonality or covariates was included in the model
through the process. This suggests that compulsory treatments
follow a Poisson random distribution with mean 0.1841 (CI: 0.1599
– 0.2107) compulsory admissions per day.

This is confirmed by the fact that the sample variance of the
daily compulsory treatment (0.1741) was quite similar to the sample
mean as expected by a sample distributed like a Poisson random
variable.

According to the selected model for the overall psychiatric
admissions in Mendrisio Hospital, the increase of 1 point in the
Stringency Index is associated with an increase in the number of
psychiatric admissions of 0.02% (rate ratio: 1.0002 CI: 1.00008 –
1.00037, p<0.00019). Although statistically significant, the effect
was very small. The pandemic period was associated with a
reduction of about 0.68% (rate ratio: 0.9932, CI: 0.9892 - 0.9972,
p<0.0001) psychiatric admissions compared with the pre-pandemic
period.

                                                                                                                              Article

Table 1. Parameter (exponentiated) estimates for the four selected models: admissions and compulsory admissions in ASST Lariana and
Mendrisio Hospital. Exponentiated parameters correspond to estimated rate-ratio.

ASST Lariana overall admissions (n = 1097 days, N = 2792 total admissions)
                                                Estmate (exp)               Std. error                      CI Lower (exp)                 CI Upper (exp)            p-value

μ (Intercept)                                               0.0234                                  0.01037                                          0.00309                                         0.04375                          0.01197
                                                                        -10.237                                                                                         -10.031                                          -10.447                                 
β7(7th ord. autocorr.)                                 0.1373                                  0.02174                                          0.09464                                         0.17986                          <0.0001
                                                                        -11.471                                                                                         -10.993                                          -11.971                                 
α7(weekly seasonality)                              0.8240                                  0.02769                                          0.76972                                         0.87826                          <0.0001
                                                                        -22.796                                                                                         -21.592                                          -24.067                                 
η2(ICU pts rates)                                       -0.0129                                 0.00234                                         -0.01751                                        -0.00833                         <0.0001
                                                                       (0.9872)                                                                                      (0.9826)                                       (0.9917)                                
Mendrisio Hospital overall admissions (n = 1097 days, N = 5781 total admissions)

μ (Intercept)                                               0.0000                                   0.0062                                           -0.0122                                           0.0122                            0.5000
                                                                        -10.000                                                                                       (0.9879)                                         -10.122                                 
β7(7th ord. autocorr.)                                 0.0396                                   0.0102                                            0.0195                                           0.0596                           <0.0001
                                                                        -10.404                                                                                         -10.197                                          -10.615                                 
α7(weekly seasonality)                              0.9604                                   0.0120                                            0.9370                                           0.9839                           <0.0001
                                                                        -26.128                                                                                         -25.522                                          -26.748                                 
η1(Stringency Index)                                 0.0002                                   0.0001                                            0.0001                                           0.0004                           <0.0001
                                                                        -10.002                                                                                         -10.001                                          -10.004                                 
η3(Period)                                                    -0.0068                                  0.0021                                           -0.0109                                          -0.0028                          <0.0001
                                                                       (0.9932)                                                                                      (0.9892)                                       (0.9972)                                
ASST Lariana compulsory admissions (n= 1097 days, N = 202 total admissions)

μ (Intercept)                                               -16.921                                  0.0704                                           -18.332                                          -15.573                          <0.0001
                                                                       (0.1841)                                                                                      (0.1599)                                       (0.2107)                                
Mendrisio Hospital compulsory admissions (n= 1097 days, N = 2095 total admissions)

μ (Intercept)                                               0.0000                                   0.0066                                           -0.0130                                           0.0130                            0.5000
                                                                        -10.000                                                                                       (0.9871)                                         -10.131                                 
β7(7th ord. autocorr.)                                 0.0365                                   0.0140                                            0.0091                                           0.0640                            0.0045
                                                                        -10.372                                                                                         -10.091                                          -10.661                                 
α7(weekly seasonality)                              0.9635                                   0.0173                                            0.9296                                           0.9973                           <0.0001
                                                                        -26.208                                                                                         -25.335                                          -27.110                                 
η1(Stringency Index)                                 0.0006                                   0.0002                                            0.0003                                           0.0009                           0.00023
                                                                        -10.006                                                                                         -10.003                                          -10.009                                 
η3(Period)                                                    -0.0192                                  0.0063                                           -0.0316                                          -0.0069                            0.0011
                                                                       (0.9809)                                                                                      (0.9689)                                       (0.9931)                                
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According to the model selected for compulsory psychiatric
admissions in Mendrisio Hospital the increase of 1 point in the
Stringency Index is associated with an increase of the number of
psychiatric admissions of 0.06% (rate ratio: 1.0006, CI: 0.00026 –
0.00093, p=0.00023). Although statistically significant, the effect
was quite small. The pandemic period was associated with a
reduction of about 1.9% (rate ratio: 0.9809, CI: 0.9689 – 0.9931,
p=0.0011) compulsory treatments compared with the pre-pandemic
period. Figures 1 and 2 shows observed and estimated admissions
rates for the four models.

Discussion
In line with previous findings,19,20,23 we found a reduction in

both the territories of interest of psychiatric ward admissions, in
the whole study period (regardless of the restriction measures).
The improvement in coping strategy of severe psychiatric patients
in critical periods31,32 and more similar condition to the general
populations could improve the mental health of the more severe
patients, along with the increase of patients and family’s support.18
Moreover, the reduction of Emergency Room (ER) admissions for
psychiatric disorders3,4,33 in the lockdown period attributable to the
fear of the contagion,34 especially in older people,35 could also
delay the diagnosis of new onset psychiatric disorders. A multicen-

ter study carried out in Italian ERs,35 in line with this hypothesis,
found a 50% reduction of admissions also for non psychiatric
patients, especially for less severe reasons (white and green codes)
while no changes were found for the most severe reasons (red
codes). On the other hand, our results are in contrast with recent
surveys carried out in Italy36,37 and in Switzerland,38 that found a
slight increase of psychiatric assessments in ER in the months fol-
lowing the first lockdown. However, in these studies, psychiatric
referrals involved mainly people without a history of psychiatric
disorders and who not required hospitalizations.

Our study led to different results in the two territories of interest,
even if we applied the same methodology of selection for the same
model with same covariates as candidates. 

In the province of Como, the trend in overall psychiatric
admissions was better explained by an autoregressive model of the
seventh order, which included a weekly (seven days) seasonality
and the rate of national Intensive Care Units admissions as the only
covariate among the hypothesized candidates. Thirteen percent of
psychiatric ward in Lombardy (that in Italy are positioned in the
general hospitals) were temporary converted in intensive and non-
intensive non psychiatric care COVID unit.6,13,18 More specifically,
in the province of Como, the psychiatric ward in the Hospital of
Cantù was temporary closed, with reduction of the beds in the entire
province, and consequently, along with the fear of the contagion, a
reduction of availability for new admissions.12 In fact, in line with

                             Article                                                                                    

Figure 1. Estimated (red line) and observed (blue line) admissions for each day per 100000 inhabitants.
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other studies carried out in Italy;6,15,17 we found a significant
reduction in voluntary admissions while the number of compulsory
admissions remained stable; that mean an “increased threshold” for
inpatient admissions and only the more severe patients keep being
admitted to the psychiatric wards.16 Moreover, compulsory
admissions did not either show any autocorrelation or seasonality,
nor seemed to be significantly influenced by any covariates. By
contrast, in the Canton of Ticino the trend in both overall and
compulsory psychiatric admissions was better explained by an
autoregressive model of the seventh order, which included a weekly
(seven days) seasonality, but not the rate of national Intensive Care
Units admissions. The effect of both covariates was small but
statistically significant and with opposite sign. In the Canton of
Ticino, there has not been a reduction of beds in psychiatric wards.
We observed an even more significant effect of the pandemic period
on compulsory admissions. Having as main referrer the general
hospital and in particular the emergency rooms (50% of admissions,
rising to 70% for compulsory admissions), the impact of the
restrictive measures, adopted for access to general hospitals, was
more evident. In the CPC in the Canton of Ticino, around 40% of
all admissions are compulsory, and, among them, 25% are due to
drug/alcohol intoxication; moreover, about half of the compulsory
admissions are linked (as first or second diagnosis) to an addiction
disorder. Many authors21,23,39 found a significant reduction of
psychiatric ward admission for patients with a primary diagnosis of

addiction disorders during all the waves of the COVID-19
pandemic. For these reasons, the Canton of Ticino, we can speculate
that the reduction of the psychiatric demand, especially for patients
with a primary diagnosis of addiction disorders during all the waves
of the COVID-19 pandemic, could be associated with a reduction
of inpatient, especially for compulsory admissions. Another
interesting finding of our study is that the crude rate of compulsory
admission in the province of Como are much lower than those in
the Canton of Ticino, regardless of the pandemic and the lockdown.
These data led a further reflection: in Italy the rules for a
compulsory admission (need of hospital care, care refusal) and the
procedures (a proposal and validation signed by different physicians
and ordinance signed by the major) are very rigid, compared to
Switzerland, where it is sufficient the decision of a physician,
regardless of his/her specialization (psychiatry or other), to make a
compulsory inpatient admission executive. Our results may thus
reflect very important differences in the Mental Healthcare Systems,
Psychiatric Services organization, governmental measures between
the two countries that seem to play an even more significant role to
our results than the pandemic itself, restriction measures, fear and
feelings about the risk of contagion in the general population,
economic consequences and mass-media response.

Strengths and limitations
To our knowledge, this is the first study to apply the same

methodology to two different countries. In contrast with previous

                                                                                                                              Article

Figure 2. Estimated (red line) and observed (blue line) compulsory admissions for each day per 100000 inhabitants, Compulsory
admission estimate in Italy appear as a straight-line as it is described by a Poisson random variable (or the null model).
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studies, we applied a model that allowed us to account for daily
admissions instead of cumulative admissions in longer periods
(weeks or months) and therefore to obtain estimates for the effect
of interests accounting for both autocorrelation and seasonality.
This study has several limits: first of all, the recruitment involved
only of the number of admissions into the hospitals and is not rep-
resentative of the entire psychiatric population. Then, we did not
consider any data about length of stay, sociodemographic variables
(age, ethnicity, marital, housing and economic status), diagnosis
and disorder severity or pharmacological treatment. We expect, in
line with the current literature, a significant reduction in elder-
ly,6,21,40 addiction disorders21,23,39 and in mood disorders14,17 and a
general increase of length of stay.6,14

Conclusions
In conclusion, we found a significant reduction of the overall

admission in psychiatric wards in both province of Como and
Canton of Ticino, while the reduction for compulsory admission
was significant only in the Canton of Ticino. The differences
between the two territories seem influenced more for the different
mental health systems than for the differences in the severity of the
pandemic and of the restrictions imposed by the countries.
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