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Abstract

The objective of this study was to analyze the impact of the
pandemic on inpatient hospital admissions during the first
wave in Portugal. Data from hospital admissions in mainland
Portugal from 2008 to 2017 were used to forecast inpatient
hospital admissions for March to May 2020. The observed
number of hospitalizations and their characteristics were
compared to forecasted values. Variations were compared
by hospital and region. Statistical analysis was used to inves-
tigate whether patterns of variations existed according to
hospital characteristics. There were 119,315 fewer hospital-
izations than expected during March to May 2020 in Portu-
gal, which represented a 57% reduction. Non-COVID-19 hos-
pitalizations had a higher mean length of stay and propor-
tion of inpatient deaths than forecasted values. Differences
between observed and forecasted values varied greatly
among regions and hospitals. These variations were not as-
sociated with COVID-19 hospital admissions, region, fore-
casted number of hospitalizations, type of hospital, or occu-
pation rate. The impact on inpatient hospital admissions for
each hospital was not consistent or proportional to the ex-
pected use across Portugal, as indicated by variations be-

tween forecasted and observed values. The appropriate
planning of future responses may contribute to improving
the necessary balance between the level of hospital admis-
sions for usual health needs of the population and the re-
sponse to COVID-19 patients.

© 2021 The Author(s) Published by S. Karger AG, Basel
on behalf of NOVA National School of Public Health
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Resumo

O objetivo deste estudo foi analisar o impacto da pan-
demia na producao de internamento hospitalar durante
a primeira vaga em Portugal. Os dados dos internamentos
hospitalares em Portugal Continental de 2008 a 2017
foram utilizados para a previsao da producdo hospitalar
de internamentos de mar¢o a maio de 2020. O nimero de
internamentos observado e as suas caracteristicas foram
comparados com os valores previstos. As variagdes foram
comparadas por hospital e regido. A anélise estatistica foi
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utilizada para aferir se existiam padrées de variacdo de
acordo com as caracteristicas de cada hospital. Houve me-
nos 119.315 internamentos do que o previsto durante o
periodo de marco a maio de 2020 em Portugal, o que rep-
resentou uma reducao de 57%. Observou-se que os inter-
namentos nao-COVID-19 registaram um tempo médio de
estadia e uma proporcao de mortes em doentes interna-
dos maiores do que os valores previstos. As diferencas en-
tre os valores observados e previstos variaram de forma
significativa entre as regides e hospitais. Essas variacdes
nao foram associadas a internamentos hospitalares por
COVID-19, regido, numero previsto de internamentos,
tipo de hospital ou taxa de ocupacdo. O impacto na
producao de internamento de cada hospital nao foi con-
sistente ou proporcional a utilizacao esperada em Portu-
gal, conforme indicado pelas variagcbes entre os valores
previstos e observados. O planeamento adequado de re-
spostas futuras pode contribuir para melhorar o equilibrio
necessario entre o nivel de producao hospitalar para as
necessidades usuais de saude da populacédo e a resposta
aos pacientes com COVID-19.

© 2021 The Author(s) Published by S. Karger AG, Basel
on behalf of NOVA National School of Public Health

Introduction

The urgency of the COVID-19 pandemic and the un-
certainties over the epidemiological growth of casesled to
nationwide measures being quickly implemented in Por-
tugal, as in many other countries, aimed at reducing the
spread of the SARS-CoV-2 virus and at strengthening the
capacity of the health system. A state of emergency in
Portugal was declared on March 18, accompanied by a
nationwide lockdown. Measures started to be lifted in
May, along with a gradual resumption of activities.

The rapid increase of COVID-19 patients, combined
with unprecedented lockdown measures, led to changes in
utilization patterns in different levels of health care in many
countries. Hospitals implemented measures to prepare for
a potential COVID-19 surge, in which the number of pa-
tients requiring care would go beyond the capacity of the
health system. In Portugal, elective surgeries were cancelled
or delayed, so resources such as health professionals could
be reallocated to the treatment of COVID-19 patients [1-3],
supported by legal determination/orientation [4]. Health
care delivery was also impacted by changes in health-seek-
ing behaviors, as patients did not seek health care for many
reasons, such as the fear of COVID-19 infection, the lack of
information regarding mitigation measures adopted at
health facilities, and the physical limitations resulting from
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stay-at-home orders [5, 6]. Given the level of contagious-
ness of the SARS-CoV-2 virus, infected patients must be
treated in isolation, which led to several strategies adopted
to prevent in-hospital COVID-19 transmission, including
the redesign of treatment pathways and the establishment
and/or repurposing of hospitals and facilities dedicated ex-
clusively to COVID-19 [7-11].

At the same time health systems had to care for CO-
VID-19 patients, there was also the concern of meeting
the needs of non-COVID-19 populations during the pan-
demic. A balance between care for COVID-19 and non-
COVID-19 patients could lead to fewer losses of non-
COVID-19 use. The absence or postponement of care has
significant implications for health services delivery in
Portugal and it is reasonable to assume the same for oth-
er countries.

It is crucial to understand the impacts of the pandem-
ic on the health care delivery system, such as in-hospital
care, to design recovery plans and actions. Hence, the aim
of this study was to analyze the volume of inpatient hos-
pital admissions in the first 3 months of the pandemic in
Portugal and compare this to forecasted hospital admis-
sions. As a secondary objective, we sought to investigate
whether variations in the volume of hospital admissions
was consistent across the country and hospitals according
to the demand of COVID-19 patients.

Methods

Data Source

The Portuguese Central Administration of the Health System
(ACSS) provided episode-based hospitalization data in the public
health system of Portugal, for the years 2008-2017, and aggregated
data on the number of hospitalizations for each hospital for March
to May of 2020. Episode-based data from 2008 to 2017 were then
aggregated by hospital.

All hospitalizations from March to May 2020 were separated
into 2 categories: COVID-19 or other conditions. The variables
provided for this period were the total number of hospitalizations,
the number of patients by sex and by age group, the mean total
length of stay (in days), and the number of inpatient deaths. The
number of confirmed cases in Portugal and per region by May 31
were extracted from the Situation Report of the Directorate-Gen-
eral of Health [12].

Exclusion Criteria

Initially, there were data for 60 hospitals. The exclusion criteria
for hospitals were as follows: (i) not in mainland Portugal; (ii) start
of operations after 2008; (iii) irregular time series due to fusion of
2 or more hospitals or other organizational changes; (iv) less than
50 monthly hospitalizations for more than 6 months between 2008
and 2017. Criteria ii-iv were applied to reduce the uncertainty dur-
ing the forecast. Therefore, the final sample included 42 hospitals,
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Fig. 1. Forecasted values for the monthly
number of hospitalizations, 2008-2021.
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Table 1. Number of forecasted and observed hospitalizations and differences in %, March to May 2020, Portugal

Hospitals, Forecasted hospital Observed hospital
n admissions March to admissions
May 2020, 1 (95% non-COVID-19

CI) March to May 2020, n

Difference
(forecast — observed), n
(reduction in %)

Hospital admissions
COVID-19
March to May 2020, n

Hospitalizations not occurred
(difference forecast —
observed)/(hospital admissions

Confirmed cases
of COVID-19, n
(rate per 100,000

COVID-19) habitants)
Portugal 42 206,571 (192,169-220,983) 87,256 119,315 (-57.8) 4,247 28.09 32,473 (331.4)
Alentejo 5 12,705 (11,489-13,921) 5,447 7,258 (~=57.1) 75 96.77 259 (36.8)
Algarve 7,832 (4,049-11,615) 4,910 2,922 (-37.3) 192 15.22 372 (84.9)
Centro 38,351 (27,802-48,900) 14,931 23,420 (-61.1) 384 60.99 3,747 (169.0)
LVT 11 66,246 (55,477-77,014) 21,896 44,350 (-66.9) 1,049 4228 11,335 (395.9)
Norte 16 88,449 (77,391-89,505) 40,072 48,377 (-49.0) 2,547 18.99 16,760 (468.8)

accounting for approximately 76% of the total hospital admissions
for the past 10 years in the NHS according to Statistics Portugal
[13].

Forecasting and Statistical Analysis

The ARIMA model was used to forecast the total number of
hospitalizations for Portugal and each region for January 2018 to
May 2020, considering the historical data from 2008 to 2017 for
each hospital. Diagnostic checks of the residuals were performed
to assess the fit of the model.

We compared the observed and forecasted total number of hos-
pitalizations and their characteristics for Portugal and by region
from March to May 2020.

We calculated the difference between the forecasted estimate
and the number of observed non-COVID hospitalization. We then
divided the difference by the number of observed COVID hospi-
talizations. We denominated this indicator “hospitalizations not
occurred,” which indicates how many hospitalizations did not oc-
cur per each hospitalization for COVID-19.

Inpatient Hospitalizations during the First
Wave of COVID-19 in Portugal

We then investigated if characteristics of hospitals were associ-
ated to variations in the number of non-COVID hospitalizations.
We calculated Spearman’s correlation between the variation in hos-
pitalizations and the mean occupation rate in 2019 of each hospital
(available at the NHS Transparency Portal). We also compared the
mean percentage variation and hospital type — hospital, hospital
centers, public-private partnerships, institute of oncology, psychi-
atric hospital, local health units - using the Kruskal-Wallis test.

Microsoft Office Excel 2017 was used for data tabulation and
descriptive analysis. R version 3.6.2 was used for forecasting, and
IBM SPSS version 26 for statistical hypothesis testing.

Results

Between 2008 and 2017 the number of hospitalizations
that occurred in the 42 analyzed hospitals of Portugal
ranged from 62,000 to 81,000 per month (Fig. 1). The data
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Table 2. Characterization of forecasted and observed hospitalizations, by age group, length of stay, and inpatient deaths, March to May
2020, Portugal

Sex, % Age group, % Mean length  Inpatient deaths,
male  female <18 18-60 61-70  71-80 >80 ofstay, days % offotal
hospitalizations
years years  years  years  years
Forecasted 45.8 54.2 13.2 34.0 14.9 17.6 20.3 7.19 5.4
Observed 443 55.7 15.2 33.7 12.7 15.8 22.6 8.76 8.2

indicate a descending trend in the number of hospitaliza-
tions over the period 2008 to 2017 (mean number of hos-
pitalizations in 2008 vs. 2017 = 75,233 vs. 69,736), and a
stabilization between 2014 and 2017 (mean number of
hospitalizations in 2014 vs. 2017 = 70,041 vs. 69,736).
Between March and May 2020, the included hospitals
registered 87,256 hospitalizations for all conditions except
COVID-19. According to the forecasts, there were 119,315
fewer hospitalizations than expected during March to
May 2020, which represented a 57% reduction (Table 1).
Mainland Portugal and all the regions observed reduc-
tions. Lisboa e Vale do Tejo (LVT) had the highest per-
centage decrease in the number of hospitalizations
(-66.9%). More than half of all COVID-19 confirmed
cases and hospitalizations were registered in hospitals in
the Norte region (60.0%); this region experienced a 49%
reduction. Alentejo had the lowest rate of COVID-19
confirmed cases per 100,000 inhabitants (36.8), the lowest
number of COVID-19 hospitalizations, but still present-

Port ] Public Health
DOI: 10.1159/000514163

ed a 57% reduction of observed hospitalizations com-
pared to the forecasted estimates.

In Portugal, for each COVID-19 hospitalization there
was an estimate of 28 fewer hospitalizations for other
conditions. The “hospitalizations not occurred” varied
greatly between regions: 18 for Norte, 42 for LVT, and 97
for Alentejo; these values indicate how many hospitaliza-
tions did not occur per each COVID-19 hospitalization,
therefore they represent the proportionality of decrease
in inpatient hospital admissions to the demand for hos-
pital care by COVID-19 patients.

Table 2 shows the characteristics of forecasted and ob-
served hospitalization for March to May 2020, for the
variables sex and age group, mean length of stay (in days)
and deaths in the hospital (presented as the proportion of
all hospitalizations). There was a higher proportion of pa-
tients aged under 18 and over 80 years old in observed
values, compared to forecast proportions (<18 years: 15.2
vs. 13.2%, >80 years: 22.6 vs. 20.3%). The observed mean
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length of stay and hospitalizations that ended with inpa-
tient death were higher than the forecasted values (8.8 vs.
7.2 days and 8.2 vs. 5.4%, respectively).

Figure 2 shows the variations between the forecasted and
observed number of hospitalizations per hospital. Out of the
42 analyzed hospitals, 24 had a percentage reduction be-
tween 40 and 80%. The observations per region were scat-
tered across the graph with no clear pattern between regions
and variations. The reductions in hospital admissions were
not associated with the forecasted number of hospitaliza-
tions (p = 0.822). We also found no significant associations
of reductions in hospital admissions with the occupation
rate (p = 0.116) or with the type of hospital (p = 0.217).

Discussion

The results of this study show that: (i) there were few-
er hospitalizations between March and May 2020 than
expected in mainland Portugal, representing a 57% re-
duction from forecasted values; (ii) all regions observed
reductions; (iii) for each hospitalization for COVID-19,
it was estimated that 28 hospitalizations for other causes
did not occur; (iv) there were higher proportions of pa-
tients aged under 18 years and over 80 years old than the
forecasted values; (v) the mean length of stay and propor-
tion of inpatient death for non-COVID-19 hospitaliza-
tions were higher than forecasted values, and (vi) there
were no clear patterns regarding variation in hospital ad-
missions and region, forecasted number of hospitaliza-
tions, type of hospital, or occupation rate. The results pre-
sented here agree with previous studies that indicate dis-
ruption of health care services during the COVID-19
pandemic [10, 14-17] and show that such disruptions in
Portugal were not related to hospital characteristics or the
regions in which they are located.

The population’s mobility was restricted during this
period, influencing their movements to the hospital. The
economic impact of the pandemic and the measures im-
plemented may have led to financial difficulties that also
affected attendance that, combined with the costs of
transportation, may have created greater barriers to ac-
cess health care. People may also have avoided health ser-
vices out of fear of COVID-19 infection. On the supply
side, the Portuguese health services’ attention was direct-
ed to COVID-19, as a measure implemented by the gov-
ernment [4]; access to primary care and referral to surgi-
cal appointments was also hindered as a result of these
political and public health measures. It could be hypoth-
esized that the reduction in inpatient episodes during the

Inpatient Hospitalizations during the First
Wave of COVID-19 in Portugal

first months of the pandemic in Portugal was balanced by
an increase in ambulatory surgery in the same period; this
however was not the case, as ambulatory surgery also ex-
perienced reductions in volume during this period [18].

There was a significant drop in the rate of emergency
service use in March 2020 in Portugal, in all regions and
for all levels of urgency, with a decrease in non-urgent
episodes [14]. For hospital admissions, our study found
increases in the mean length of stay, which could indicate
that the non-COVID-19 hospitalizations that occurred
were more serious than those expected for the period, and
therefore that the number of less severe hospital admis-
sions decreased. This hypothesis is also supported by the
increase in inpatient deaths as a percentage of total hos-
pitalizations, which was also found for hospitalizations in
the USA [19]. The observed proportion of patients aged
80 years or older was higher than forecasted values; this
age group is more likely to require urgent and unavoid-
able inpatient hospital care.

The overall reductions represent a substantial risk for
the future use of health care services: complications and
severity associated with delayed/unmet care can arise/in-
crease, and the hospital admissions not observed during
the pandemic can accumulate, generating an additional
burden for health professionals, creating challenges for
health managers and policy makers responsible for plan-
ning the provision of health services. Our findings indi-
cate that disruptions to inpatient hospital care were not
proportional to the spatial distribution of the severity of
the pandemic across Portugal, with different and random
variations per institution. There were no patterns identi-
fied for the analysis per characteristics of hospitals either.
In hindsight, it could be argued that better planning, or-
ganization, and allocation of resources could have con-
tributed to a smaller impact in the hospital admissions.
There was a generalized response to the pandemic that
did not consider the different needs and epidemiological
risk in the different regions of the country. The results
suggest that the hospital response during the first wave
led to unused installed bed capacity, which varied accord-
ing to the individual response of each hospital. An un-
measured external force on the demand side refers to the
role nationwide government measures had in health-
seeking behavior by patients in the fast-changing, highly
uncertain, and seemingly catastrophic scenario of the first
months of the pandemic.

If in the first wave the measurement of the risk associ-
ated with the pandemic may have led to a cautious ap-
proach, the appropriate planning of future responses may
contribute to improving the necessary balance between
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the level of admissions presented by hospitals over time
and the response to COVID-19 patients. It is important
to acknowledge that Portugal and other countries were
facing an unprecedented, uncertain, and urgent situation.
The health systems of most high-income countries were
not entirely prepared to face such an emergency [20]. The
World Health Organization conducted a key informant
survey to assess the impact of the COVID-19 pandemic
on essential services, with nearly all of the 105 responding
countries reporting disruptions of essential health servic-
es [21].

Our study has some limitations regarding both data
and statistical analysis. The data only included public
hospitalizations; the activity in the private sector was not
included in the analysis due to data unavailability. It was
not possible to analyze which type of hospitalization by
diagnostics experienced the most severe disruptions. For
the forecasting methods employed: as full data of hospital
utilization was only available up to 2017, the forecasting
was made for 4 years. In this case, the confidence intervals
were broad, reflecting the uncertainty associated with the
forecasts.

Conclusion

Portugal experienced substantial reductions in inpa-
tient hospital services induced by the COVID-19 pan-
demic. As these reductions varied greatly by region and
institutions, and without a clear pattern or proportional
to hospitalizations for COVID-19, it was unclear how
supply and demand factors interacted in each context.
Given the uncertainty surrounding the pandemic, it is
unclear how health services will respond to the accumula-
tion of “hospitalizations not occurred,” the increased
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