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Abstract

Background: Increasing age, male sex, and pre-existing comorbidities are associated with lower survival from SARS-
CoV-2 infection. The interplay between different comorbidities, age, and sex is not fully understood, and it remains
unclear if survival decreases linearly with higher ICU occupancy or if there is a threshold beyond which survival falls.

Method: This national population-based study included 22,648 people who tested positive for SARS-CoV-2 infection
and were hospitalized in Switzerland between February 24, 2020, and March 01, 2021. Bayesian survival models were
used to estimate survival after positive SARS-CoV-2 test among people hospitalized with COVID-19 by epidemic wave,
age, sex, comorbidities, and ICU occupancy. Two-way interactions between age, sex, and comorbidities were included
to assess the differential risk of death across strata. ICU occupancy was modeled using restricted cubic splines to allow
for a non-linear association with survival.

Results: Of 22,648 people hospitalized with COVID-19, 4785 (21.1%) died. The survival was lower during the first
epidemic wave than in the second (predicted survival at 40 days after positive test 76.1 versus 80.5%). During the
second epidemic wave, occupancy among all available ICU beds in Switzerland varied between 51.7 and 78.8%. The
estimated survival was stable at approximately 81.5% when ICU occupancy was below 70%, but worse when ICU
occupancy exceeded this threshold (survival at 80% ICU occupancy: 78.2%; 95% credible interval [Crl] 76.1 to 80.1%).
Periods with higher ICU occupancy (>70 vs 70%) were associated with an estimated number of 137 (95% Crl 27 to
242) excess deaths. Comorbid conditions reduced survival more in younger people than in older people. Among
comorbid conditions, hypertension and obesity were not associated with poorer survival. Hypertension appeared to
decrease survival in combination with cardiovascular disease.

Conclusions: Survival after hospitalization with COVID-19 has improved over time, consistent with improved
management of severe COVID-19. The decreased survival above 70% national ICU occupancy supports the need to
introduce measures for prevention and control of SARS-CoV-2 transmission in the population well before ICUs are full.
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Background
More than five million people have died from corona-
virus disease 19 (COVID-19), and almost 250 million
confirmed cases of severe acute respiratory syndrome
< — , , coronavirus 2 (SARS-CoV-2), the cause of COVID-19,
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!Institute of Social and Preventive Medicine, University of Bern, Bern, have been reported worldwide as of November 08, 2021
Switzerland [1-3]. The risk of death from SARS-CoV-2 infection
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increases with age and is higher for men than women
[4-12]. In addition, people with pre-existing comorbid
conditions, including cancer, cardiovascular disease, and
chronic respiratory disease, are at higher risk of severe
COVID-19 or death than people without these con-
ditions [7, 8, 13-18]. The interplay between different
comorbid conditions and their associated risk of death
for different ages or genders is not fully understood.

In many countries, strict lockdown measures con-
trolled the first wave of SARS-CoV-2 infection in the
first half of 2020, but a second larger wave followed the
delayed re-introduction of control measures in autumn
2020. Switzerland, a high-income country, experienced
the highest levels of excess mortality since the 1918 influ-
enza pandemic, with a larger death toll during the sec-
ond compared to the first epidemic wave [19, 20]. As in
many other countries, the number of available intensive
care unit (ICU) beds has become an indicator of the need
to introduce or intensify public health measures to con-
trol SARS-CoV-2 transmission. High ICU occupancy
during peaks of the epidemic has been reported to lead
to worse outcomes in people who are hospitalized with
COVID-19, possibly due to operational pressure [21, 22].
It is unknown to what extent this applies to Switzerland.
In addition, it remains unclear if outcomes decrease lin-
early with higher ICU occupancy or if there is a threshold
beyond which survival falls.

The objectives of this study were to examine differences
in survival between the first and second epidemic wave in
Switzerland, the influence of the level of ICU occupancy
on survival, and the interplay between different comorbid
conditions and other risk factors.

Methods

Setting and data

We analyzed data for the whole of Switzerland from
national routine surveillance of SARS-CoV-2 infections,
conducted by the Swiss Federal Office of Public Health.
The surveillance system includes all people who tested
positive for SARS-CoV-2 infection in Switzerland since
February 24, 2020, when the first case of COVID-19 was
diagnosed. Laboratories report the date of the positive
test and the age and sex of the person. For patients hospi-
talized, medical personnel report the date of hospitaliza-
tion and information about specific comorbid conditions.
For patients who die, medical personnel report the date
of death and the presence of comorbid conditions. For
the present analysis, we included all patients with a posi-
tive test for SARS-CoV-2 infection who were hospitalized
between February 24, 2020, and March 01, 2021, and who
had complete information about age, sex, and comorbid
conditions. The database was closed on May 20, 2021, so
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that all patients were followed up for at least 80 days after
the positive test.

The Swiss Armed Forces delivered daily aggregated
data from all hospitals in Switzerland on the total num-
ber of available ICU beds and of occupied beds since
March 14, 2020. The total occupied includes beds occu-
pied by patients with COVID-19 and without COVID-19.
The total available beds consist of a relatively stable num-
ber of ICU beds over the whole period (“certified ICU
beds”) and a variable number of additional ICU beds,
which have been made available, depending on the state
of the epidemic in the country. These are called “add-on”
ICU beds.

Outcomes

The outcome was survival after a positive test for SARS-
CoV-2 infection in patients hospitalized with COVID-19.
We measured follow-up time from the positive SARS-
CoV-2 test to the date of death for patients who died
by May 20, 2021. We assumed that deaths occurring
more than 80 days after infection were not attributable
to COVID-19. The date of hospital discharge was not
available, as the surveillance system does not require a
follow-up report after hospital admission. Therefore, we
censored follow-up time at 80 days after the positive test
for people who died more than 80 days after a positive
test and for all people alive at database closure.

Explanatory variables

Explanatory variables were the epidemic wave, sex and
age, comorbidities, and ICU occupancy. We defined the
first epidemic wave as the period between February 24,
2020, and June 5, 2020. The second wave covered June
6, 2020, to March 01, 2021. The date separating the two
waves was the nadir of the case counts between the two
waves. We defined daily ICU occupancy as the propor-
tion of all occupied ICU beds (COVID-19 and non-
COVID-19) in Switzerland on a given day divided by the
total number of available ICU beds (certified and add-on
beds) in Switzerland on the same day. Age was grouped
into eight categories, 0-29, 30—39, 40-49, 50-59, 60—69,
70-79, 80-89, and >90 years. We included all comor-
bid conditions that were recorded on the surveillance
form. These were cancer, cardiovascular disease, chronic
respiratory disease, diabetes, hypertension, immuno-
suppression, obesity, chronic kidney disease, “other”
comorbidity, and no comorbidity. Obesity and chronic
kidney disease were added to the surveillance forms from
April 16, 2020.

Statistical analyses
We modeled the hazard of death by fitting parametric
survival models in a Bayesian framework. We used cubic
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M-splines to model baseline hazards for all survival
models in this study and assumed weakly informative
priors for the model parameters (Additional file 1: Text
S1) [23]. To compare survival between the two epidemic
waves, we used data for the whole study period and fit-
ted a survival model, including the covariates epidemic
wave, age, sex, and a binary variable indicating any or
no recorded comorbid condition. We also included all
two-way interactions between covariates age, sex, and
comorbidity status. We fitted the same model in an
additional analysis but included the number of comor-
bid conditions reported (0, 1, 2, or 3 or more). We used
these results to build models to study survival by ICU
occupancy and by type of comorbid condition. More
specifically, we assessed the evidence for the different
two-way interactions by comparing the fit of the full
model including all two-way interactions between age,
sex, and comorbidity status to alternative models includ-
ing only a subset of these interactions. Model fits were
compared by looking at their difference in expected log
pointwise predictive density (and its standard error) for
a new dataset, estimated by approximate leave-one-out
cross-validation [23].

For the models studying survival by ICU occupancy
and by type of comorbid condition, we only used data
from the second wave because data on ICU occupancy,
obesity, and chronic kidney disease during the first wave
were incomplete. For ICU occupancy at the national level,
we modeled the association with survival among patients
who were hospitalized with COVID-19 using restricted
cubic splines with three knots (at the 10%, 50%, and 90%
percentiles of the ICU occupancy distribution in our
data) (Additional file 1: Text S1). We adjusted the model
for age, sex, and comorbidity status. We also included the
two-way interaction between age and comorbidity sta-
tus, the only interaction for which we found strong evi-
dence in the first model (Additional file 1: Text S1). To
investigate survival by type of comorbidity, we included
the covariates age and sex and the different comorbidity
types. We allowed for two-way interactions between the
different comorbidity types, between age and the comor-
bidity types, and between sex and the comorbidity types
(Additional file 1: Text S1).

We visually checked for strong deviations from the pro-
portional hazards assumption by plotting log(-log(S(t)))
versus time separately for each covariate included in the
survival models. We checked model fits visually by com-
paring the estimated marginal survival function based on
draws from the posterior predictive distribution of the
fitted joint model to the Kaplan-Meier curve based on
the observed data.

We report estimates of adjusted hazard ratios (aHR) for
death, predicted survival curves over time (i.e., predicted
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survival probability at day O to day 80 after the positive
test), and—as a specific example—the predicted survival
probability at day 40 after the positive test, all with 95%
credible intervals (Crl). We also report standardized sur-
vival probabilities by specific covariates (epidemic wave
and ICU occupancy). We standardized by predicting
individual survival probabilities for the whole popula-
tion at all levels of the specific covariate(s) and averaging
predictions in each of the posterior samples. All analyses
were done using R (version 4.0.4) with package rstanarm
[23].

Results

Descriptive statistics

Overall, there were 559,117 confirmed COVID-19 cases
between February 24, 2020, and March 01, 2021, of
whom 24,515 (4.4%) were hospitalized (Fig. 1). Of all peo-
ple with confirmed COVID-19, 9711 (17%) had died by
May 20, 2021. Of patients hospitalized, 4847 (19.8%) had
died, covering 49.9% of the total reported deaths. Peo-
ple who died outside of the hospital include retirement
and nursing homes residents, but information about the
place of death was incomplete. People older than 90 years
accounted for 42.1% (1949/4630) of deaths outside the
hospital and for 15.6% (746/4785) of in-hospital deaths
(Additional file 1: Table S1).

We included 22,648/24,515 (92.4%) patients who
were hospitalized with COVID-19 and had complete
covariate information in our analyses (Additional
file 1: Fig. S1). Of the excluded 1867 (7.6%) patients,
most (1864) were excluded due to missing information
about comorbid conditions. Patient characteristics
of those with and without missing comorbid condi-
tions were similar, but mortality was lower in those
with missing comorbid information (Additional file 1:
Table S2). Of all included patients, 4785 (21.1%) had
died (Table 1). The median (interquartile range [IQR])
age of patients was 74 (62 to 83) years, and most were
male (13,093, 57.8%). Most patients had at least one
comorbid condition (19,865, 87.7%). More people
diagnosed with SARS-CoV-2 were hospitalized in the
second epidemic wave (18,952) than in the first (3696).
Still, the proportion of people who died among those
hospitalized was higher in the first (24.3%) than in the
second wave (20.5%). Sex and age distributions were
similar in the two epidemic waves, as was the presence
of specific comorbid conditions (except for obesity and
chronic kidney disease, which were probably mostly
recorded as “other” comorbidity in the first wave).
During the second wave, the total number of available
ICU beds ranged between 963 and 1143, consisting of
781 to 861 certified beds and 135 to 296 add-on beds
(Additional file 1: Fig. S2). ICU occupancy among all
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Fig. 1 The SARS-CoV-2 epidemic in Switzerland. Total confirmed
cases from February 24, 2020, to March 01, 2021 (upper panel),
confirmed hospitalized patients (middle panel), and total deaths
and deaths in patients hospitalized until May 20, 2021 (lower panel).
The dashed vertical lines correspond to the end of the first epidemic
wave

available beds ranged between 51.7 and 78.8%. In peri-
ods with low ICU occupancy (1st decile, <65.7% occu-
pancy) 327 of 1903 (17.2%) patients hospitalized with
COVID-19 died, while in periods with high ICU occu-
pancy (10th decile, >76.9% occupancy) 431 of 1890
(22.8%) patients died (Table 1).
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Survival by epidemic wave

The baseline risk of death increased sharply after the
positive SARS-CoV-2 test, peaked at around 4.5 days,
and then decreased again, approaching zero at around
day 70 (Additional file 1: Fig. S3). There was a substantial
increase in the hazard of death during the first epidemic
wave compared with the second wave, after adjusting
for age, sex, and the presence of any comorbid condition
(aHR 1.38, 95% CrI 1.28 to 1.48). The standardized pre-
dicted probability of survival at 40 days was 76.1% (95%
Crl 75.1 to 77.2%) during the first and 80.5% (95% Crl
80.0 to 81.1%) during the second epidemic wave (Addi-
tional file 1: Fig. S3). Mortality also increased with male
sex, older age, and with the presence of any comorbidity
(Fig. 2). There was evidence for an interaction between
comorbidity and age: the presence of comorbidity
increased the risk of death more at younger ages than at
older ages (Fig. 3, Additional file 1: Text S1). For example,
in men, the aHR of death with comorbidity compared
with no comorbidity was 3.94 (95% CrI 2.47 to 6.64) for
ages 60—69 years and only 0.97 (95% CrlI 0.55 to 1.90) for
ages above 90 years. There was no evidence of an inter-
action between sex and comorbidity status (Fig. 3, Addi-
tional file 1: Text S1). There was also little evidence of an
interaction between sex and age. The difference in mor-
tality by sex in the age groups 0—49 years was unclear
owing to small sample sizes, but for patients aged above
50 years, there was a consistent increase in the hazard
of death by around 1.6 to 1.7 in males compared with
females (Fig. 3, Additional file 1: Text S1). The additional
analysis, including the number of comorbidities instead
of the comorbidity status, showed that mortality gener-
ally increased with the number of reported comorbidities
(Additional file 1: Fig. S4). Again, there was a substantial
interaction between comorbidity and age group.

Survival by ICU occupancy

The hazard of death was relatively stable up to around
70% ICU occupancy and started to increase afterwards
(Additional file 1: Fig. S5). Standardized predicted sur-
vival at 40 days was stable up to 70% ICU occupancy
but decreased at higher levels of occupancy (Fig. 4). For
example, estimated standardized survival at 40 days was
similar at 50% ICU occupancy (81.5%; 95% Crl 76.3 to
86.2%) and 70% ICU occupancy (81.0%; 95% CrI 80.0 to
81.9%). Survival at 40 days started to decrease from this
point on, reaching 78.2% (95% Crl 76.1 to 80.1%) at 80%
ICU occupancy. Focusing on periods in which ICU occu-
pancy exceeded 70%, these results correspond to an esti-
mated number of 137 (95% Crl 27 to 242) deaths—or an
estimated proportion of 4.80% (95% CrI 0.94 to 8.29%) of
total deaths during these periods—that could have been
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Table 1 Characteristics and mortality of patients hospitalized with a positive SARS-CoV-2 test during the first and second epidemic

wave in Switzerland

First epidemic wave
February 24 to June 5, 2020

Second epidemic wave
June 6, 2020, to March 1, 2021

No. of patients Deaths % No. of patients Deaths %
Total 3696 897 24.3% 18,952 3888 20.5%
Sex
Female 1456 292 20.1% 8099 1381 17.1%
Male 2240 605 27.0% 10,853 2507 23.1%
Age [years]
Median (IQR) 73 (59-82) 81 (74-87) 75 (63-83) 82 (75-87)
0-29 137 1 0.7% 517 3 0.6%
30-39 122 3.3% 399 4 1.0%
40-49 202 2.0% 874 22 2.5%
50-59 505 31 6.1% 2009 98 4.9%
60-69 624 94 15.1% 3274 382 11.7%
70-79 920 252 27.4% 4976 1107 22.2%
80-89 906 371 40.9% 5360 1666 31.1%
90+ 280 140 50.0% 1543 606 39.3%
Comorbid conditions
Presence of any condition
No comorbid condition 495 19 3.8% 2288 88 3.8%
Any comorbid condition 3201 878 27.4% 16,664 3800 22.8%
Number of conditions
0 495 19 3.8% 2288 88 3.8%
1 1184 149 12.6% 5253 569 10.8%
2 1006 254 25.2% 4809 901 18.7%
3+ 1011 475 47.0% 6602 2330 353%
Presence of specific condition
Cancer 382 182 47.6% 2203 795 36.1%
Cardiovascular disease 1244 534 42.9% 8057 2561 31.8%
Chronic kidney disease 90 61 67.8% 3803 1437 37.8%
Chronic respiratory disease 578 209 36.2% 3135 960 30.6%
Diabetes 844 258 30.6% 4875 1274 26.1%
Hypertension 1921 602 31.3% 9781 2551 26.1%
Immunosuppression 153 63 41.2% 1036 322 31.1%
Obesity 16 8 50.0% 1844 430 233%
Other 1500 481 32.1% 4657 1254 26.9%
ICU occupancy
Total ICU occupancy
< 65.7%° - - 1903 327 17.2%
65.8-72.8%" - - 7622 1521 20.0%
72.9-76.9%° - - 7537 1609 21.3%
> 76.9%° - - 1890 431 22.8%

265.7,72.8, and 76.9% correspond to the 10%, 50%, and 90% percentiles of the ICU occupancy distribution in the second epidemic wave. Abbreviations: ICU intensive

care unit. Figures correspond to counts (percentage) or median (interquartile range)

averted if ICU occupancy had stayed at 70% during these
periods. The 70% ICU occupancy threshold among all
available beds corresponded to approximately 85% occu-
pancy among certified beds during the second epidemic

wave (Additional file 1: Fig. S2). Associations between
mortality and covariates sex, age, and comorbidity status
obtained were similar to those observed with the model
comparing the epidemic waves.
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Survival by comorbidity type

In patients below the age of 40 years, we found insuf-
ficient and inconclusive evidence for any associations
between single comorbid conditions and mortality.
The small number of deaths in these age groups leads
to imprecise estimates with wide credibility intervals
(Fig. 5). In patients aged 40 years or older with a sin-
gle comorbid condition, the strongest association with
mortality was cancer. For patients aged 50-89 years
old, chronic respiratory disease, chronic kidney dis-
ease, cardiovascular disease, and immunosuppression
were also often associated with higher mortality. There
was little evidence for worse survival in patients with
hypertension or obesity as the only comorbid condi-
tion. The patterns of association were similar for males
and females. Looking at two-way interactions between
comorbidity types, we found that having both hyper-
tension and cardiovascular disease was more strongly
associated with death than the sum of the individual
effects of both (Additional file 1: Fig. S6). This sug-
gests a synergistic effect of these two conditions. Other
potential synergies include obesity and diabetes, immu-
nosuppression and chronic kidney disease, or obesity
and hypertension. We also found some indication that
the combination of obesity and cancer or immunosup-
pression, or diabetes and chronic respiratory disease
was less strongly associated with mortality than the
sum of the individual conditions (antagonist effect).
However, for most of these combinations, effect sizes
were small and credible intervals overlapped 1—indi-
cating weak evidence of an interaction.
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Fig. 5 Heat map of adjusted hazard ratios (aHR) of death comparing hospitalized COVID-19 patients with a single comorbid condition to patients
free of comorbidity. Boxes with dashed frames indicate 95% credible intervals (Crl) excluding 1. White numbers correspond to ranks of the
importance of comorbidities based on the aHR. Rank 1 corresponds to the comorbidity with the strongest association with mortality. Results from
the model fitted to data from the second epidemic wave, including covariates sex, age, the different comorbidity types, and two-way interactions
between comorbidity types, between age and comorbidity types, and between sex and comorbidity types
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Model diagnostics

For most covariates, plotting of log(-log(S(t))) versus
time resulted in parallel lines indicating no strong devia-
tion from the proportional hazards assumption (Addi-
tional file 1: Text S1). Only age groups below 40 years
(and to some extent comorbidities immunosuppression,
obesity, and hypertension) did show slight deviations
from proportional hazards; however, confidence inter-
vals were wide and overlapped. When looking at model
fits, all models fitted very well in the first 10 days after
the positive test and again after 40 days, but slightly over-
estimated survival between 10 and 40 days if compared
to the Kaplan-Meier curve based on the observed data
(Additional file 1: Text S1).

Discussion

Principal findings

This nationwide analysis of almost 23,000 people who
were hospitalized with COVID-19 in Switzerland found
that mortality was around 40% higher in the first than
in the second epidemic wave. We found that survival
among patients hospitalized with COVID-19 started to
decrease when ICU occupancy was around 70% or more.
Our study confirmed the higher risk of death in men than
in women and older than younger people. At younger
ages, having any comorbid condition was more strongly
associated with poor survival than at older ages. Cancer,
chronic respiratory disease, chronic kidney disease, and
cardiovascular disease were most strongly associated
with poorer survival. We found little evidence for poorer
survival in patients with hypertension or obesity as single
comorbid conditions.

Strengths and weaknesses of this study

Our study uses data from mandatory surveillance for
the whole of Switzerland and includes around 92% of all
people with laboratory-confirmed COVID-19 who were
admitted to any hospital during the first two waves of the
epidemic. The use of Bayesian survival models allowed
us to fit complex models that included many interactions
between variables. For example, we could examine both
single comorbid conditions and the interactions between
comorbidities.

There are weaknesses in the study that result from
the data collection by the national surveillance systems.
First, we excluded some patients due to missing informa-
tion, mainly on comorbid conditions. Patient character-
istics between those with and without missing comorbid
conditions were similar, but comorbid conditions were
mainly missing in patients who survived. Patients with
missing information about comorbid conditions might
more likely be free of comorbidity, leading to underes-
timating the association between comorbidity status
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and mortality. However, the potential bias is likely small
since the proportion with missing data was relatively low
(<8%). Second, information on obesity and chronic kid-
ney disease as comorbidities was not recorded until mid-
April 2020, and data on the number of ICU beds was not
collected until mid-March 2020. We, therefore, restricted
analyses of ICU occupancy and types of comorbidities to
the second wave. Given the improvement in survival over
time, the analyses of the more recent data will reflect the
current clinical management of COVID-19 more closely.
Third, a substantial proportion of COVID-19 deaths in
older people occurred without hospitalization and these
deaths were not included in analyses. These deaths likely
occurred mainly in retirement and long-term care insti-
tutions, but information about the place of death was
incomplete. Our findings of factors associated with sur-
vival may not be applicable to people who died outside
the hospital. Fourth, our study includes the period when
the SARS-CoV-2 alpha variant of concern rapidly became
dominant in Switzerland but ended before the delta vari-
ant became established [24]. These variants of concern
contain mutations that confer increased pathogenicity,
compared with the wild type SARS-CoV-2, which domi-
nated until January 2021 [25]. Therefore, our findings
might underestimate the number of people admitted to
the hospital and dying from COVID-19 since mid-2021.
Still, the associations with sex, age, and type of comor-
bidity are unlikely to have been affected.

Comparison with other studies

Our study adds to evidence about the association
between survival with COVID-19 and ICU occupancy.
Higher mortality during periods of high ICU occupancy
has been shown [21, 22]. In Belgium, mortality was 1.42
times higher for patients admitted to the ICU during high
ICU occupancy, and in England, mortality was 1.2 times
higher. These studies categorized ICU occupancy as a
binary or ternary characteristic (“ICU overflow” versus
“no ICU overflow” and “0-45% occupancy” versus “45—
85% occupancy” versus “>85% occupancy”). The strength
of our analysis was that we modeled the non-linear asso-
ciation between survival and ICU occupancy and identi-
fied a threshold at around 70% overall occupancy, after
which survival decreases. While this threshold might be
specific to Switzerland and the second epidemic wave,
this approach could be applied more widely.

Our analysis of survival trends over time complements
the results of studies from England and Switzerland
[26, 27]. Similar to our results, the study from England
showed an increase in survival over time in patients
admitted with COVID-19 to an intermediate care unit
(IMCU) or intensive care unit. In the Swiss study, the
authors collected detailed data from COVID-19 patients
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in a subset of Swiss hospitals, including information on
admission to an IMCU or ICU after hospitalization. They
found that overall hospital survival improved over time,
but that survival of patients in IMCUs and ICUs was
worse during the second epidemic wave than during the
first. Our finding of a lower survival rate when ICU occu-
pancy exceeds 70% is consistent with these results.

The decrease in survival at older ages and in men is in
line with results from other studies [9-12]. Our study
also contributes data on the association between comor-
bid conditions and decreased survival, which has been
addressed in other studies [7, 8, 14—18]. We showed
that comorbidities had a stronger detrimental effect on
survival at younger than at older ages. While there are
substantial interactions between specific comorbid con-
ditions and age, this was not observed for sex. Also, we
found no evidence of an increase in mortality in patients
with obesity as a single comorbid condition, in contrast
to findings from another study [28]. Further, we found no
increase in mortality in patients suffering from hyperten-
sion alone, confirming other studies from Switzerland
[4, 5]. Systematic reviews of relevant studies found that
hypertension was associated with increased mortality,
but these studies did not report whether hypertension
was the sole condition [29-31]. This could suggest that
patients’ hypertension, as long as it is under control, is
not associated with worse survival, while the combina-
tion of hypertension and cardiovascular disease could
lead to a more severe course. We found other poten-
tial interactions between comorbidities in both direc-
tions, but many findings were based on a few events and
require further investigation. To our knowledge, previous
studies had not taken into account interactions between
different comorbidities; they could only estimate their
average effects.

Interpretation and implications

The better survival during the second wave of COVID-
19 in Switzerland, compared to the first, is consist-
ent with improvements in the clinical management of
people hospitalized with COVID-19. These improve-
ments might reflect both increased clinical experience
and specific treatments. For example, the use of sys-
temic corticosteroids in patients with severe and criti-
cal COVID-19 increased after the publication of results
from clinical trials and a recommendation from the
World Health Organization in September 2020 [32—
40]. The decrease in survival starting at approximately
70% overall ICU occupancy shows a potential impact
of operational pressure on mortality in patients hospi-
talized with COVID-19. The estimated absolute differ-
ences in survival were small, with an average difference
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of only 3.3% in survival between the lowest and high-
est ICU occupancy. Nevertheless, this translates into
an estimated 137 deaths during high ICU occupancy
that might have been prevented if ICU occupancy had
remained below 70%. The available data did not allow
us to examine ICU occupancy at the hospital level. This
aspect of our analysis is ecological in nature and com-
plements and contextualizes the data on ICU mortality
at the individual level [25, 26]. It examines the general
pressures exerted on the Swiss hospital system. We
looked at occupancy among all available certified and
add-on beds. During the second epidemic wave, 70% of
overall ICU occupancy corresponded to approximately
85% occupancy among certified ICU beds. As ICUs are
organized differently in different countries, our results
may not generalize to other health care systems. In
addition, if the ICU capacity changes in Switzerland
in the future, our results may no longer apply to future
epidemic waves. Nevertheless, our results strongly
suggest that prevention and control of SARS-CoV-2
transmission in the population are needed long before
intensive care units are fully occupied.

Our results on the risk of death for comorbid con-
ditions alone and in combination with age and gen-
der should help clinicians better assess the prognosis
of their patients. Of note, the increased risk of death
in men could not be explained by interactions with
comorbidities or age. The higher mortality in men com-
pared to women could be due to a higher prevalence of
other risk factors, such as smoking, unhealthy diet, or
lack of physical activity, data that were unavailable for
our analyses [41-44]. Men might also be admitted to
the hospital at a more advanced stage of the disease [9].
Lastly, there might be a biological explanation related
to gender differences in immune responses [43, 45].

Conclusions

The survival of hospitalized COVID-19 patients has
improved over time in Switzerland, possibly due to
improved knowledge in the treatment of SARS-CoV-2
infections. Survival was relatively stable until national
ICU occupancy reached about 70%, after which it
began to deteriorate. Our results suggest that opera-
tional pressures develop well before ICU full occupancy
and before triage becomes necessary. Therefore, one
should be cautious about concluding that the situation
is under control as long as there is still capacity in the
intensive care units.

Abbreviations

COVID-19: Coronavirus disease 19; SARS-CoV-2: Severe acute respiratory
syndrome coronavirus 2; ICU: Intensive care unit; aHR: Adjusted hazard ratio;
Crl: Credible interval; IMCU: Intermediate care unit.



Anderegg et al. BMC Medicine (2022) 20:164

Supplementary Information

The online version contains supplementary material available at https://doi.
org/10.1186/512916-022-02364-7.

Additional file 1: Figure S1. Flowchart of data inclusion and exclusion.
Figure S2. ICU occupancy during the second epidemic wave in Switzer-
land. Figure S3-S6. Additional model outputs. Table S1-2. Additional

data description. Text S1. Further description of the statistical approach.

Acknowledgements

This study would not have been possible without the extraordinary efforts

of the data science team at the Swiss Federal Office of Public Health: Samuel
Colin, Jeffrey Keller, Anne Laube, Urs Mayr, Damir Perisa, Katrin Schneider,
Moritz Wagner, and Biagio Zaffora. We also thank Sam Brilleman for his help on
technical aspects.

Authors’ contributions

NA, RP, ME, NL, and JR contributed to the conceptualization of the study. JR,
NL, and ME supervised the study. NA and JR contributed to the methodology
and conducted all analyses including visualization of the results. NA, JR, and
NL drafted the original manuscript. All authors contributed to the interpreta-
tion of the results and revision and editing of the manuscript. The authors read
and approved the final manuscript.

Funding

This study was funded by the Swiss Federal Office of Public Health and the
Swiss National Science Foundation (189498). NL acknowledges funding from
the EU's Horizon 2020 research and innovation program (project EpiPose,
101003688). The funder of the study had no role in the study design, data col-
lection, data analysis, data interpretation, or writing of the report.

Availability of data and materials

The data are accessible to researchers upon reasonable request for data shar-
ing with the corresponding author. Requests for data need to be approved by
the Swiss Federal Office of Public Health.

Declarations

Ethics approval and consent to participate

We did this research using surveillance data according to the Swiss law on
communicable diseases (EpG, SR 818.101). No ethical committee approval was
required.

Consent for publication
Not applicable.

Competing interests

All authors have completed the ICMJE uniform disclosure form at http://
www.icmje.org/coi_disclosure.pdf and declare: ME has grant support from
NIAID and the Swiss National Science Foundation. ME participates on a
data safety monitoring board/advisory board for ANRS12398 INTENSE trial
(no relation to the submitted study). NL is a member of the Swiss National
COVID-19 Science Task Force; no financial relationships with any organiza-
tions that might have an interest in the submitted work in the previous

3 years; no other relationships or activities that could appear to have
influenced the submitted work. The other authors declare that they have
no competing interests.

Author details

"Institute of Social and Preventive Medicine, University of Bern, Bern, Switzer-
land. 2Federal Office of Public Health, Bern, Switzerland. 3Centre for Infectious
Disease Epidemiology and Research, Faculty of Health Sciences, University

of Cape Town, Cape Town, South Africa. 4Populaﬁon Health Sciences, Bristol
Medical School, University of Bristol, Bristol, UK.

Received: 13 December 2021 Accepted: 4 April 2022
Published online: 26 April 2022

Page 10 of 11

References

1. Hui DS, | Azhar E, Madani TA, Ntoumi F, Kock R, Dar O, et al. The continu-
ing 2019-nCoV epidemic threat of novel coronaviruses to global health
- the latest 2019 novel coronavirus outbreak in Wuhan, China. Int J Infect
Dis. 2020;91:264-6.

2. World Health Organization (WHO). WHO Director-General's opening
remarks at the mission briefing on COVID-19. Available from: https://
www.who.int/dg/speeches/detail/who-director-general-s-opening-
remarks-at-the-media-briefing-on-covid-19%2D%2D-11-march-2020
[Accessed on 4 May 2022].

3. World Health Organization (WHO). WHO coronavirus (COVID-19) dash-
board. Available from: https://covid19.who.int/ [Accessed on 4 May 2022].

4. Diebold M, Martinez AE, Adam K-M, Bassetti S, Osthoff M, Kassi E, et al.
Temporal trends of COVID-19 related in-hospital mortality and demo-
graphics in Switzerland - a retrospective single Centre cohort study.
Swiss Med Wkly. 2021;151:w20572.

5. Maximiano Sousa F, Roelens M, Fricker B, Thiabaud A, Iten A, Cusini A,
et al. Risk factors for severe outcomes for COVID-19 patients hospi-
talised in Switzerland during the first pandemic wave, February to
august 2020: prospective observational cohort study. Swiss Med Wkly.
2021;151:w20547.

6. Hauser A, Counotte MJ, Margossian CC, Konstantinoudis G, Low N,
Althaus CL, et al. Estimation of SARS-CoV-2 mortality during the early
stages of an epidemic: a modeling study in Hubei, China, and six regions
in Europe. PLoS Med. 2020;17(7):e1003189.

7. DuR-H, Liang L-R, Yang C-Q, Wang W, Cao T-Z, Li M, et al. Predictors of
mortality for patients with COVID-19 pneumonia caused by SARS-CoV-2:
a prospective cohort study. Eur Respir J. 2020;55(5):2000524.

8. Barek MA, Aziz MA, Islam MS. Impact of age, sex, comorbidities and clini-
cal symptoms on the severity of COVID-19 cases: a meta-analysis with 55
studies and 10014 cases. Heliyon. 2020;6(12):e05684.

9. Peckham H, de Gruijter NM, Raine C, Radziszewska A, Ciurtin C, Wedder-
burn LR, et al. Male sex identified by global COVID-19 meta-analysis as a
risk factor for death and ITU admission. Nat Commun. 2020;11(1):6317.

10. Salje H, Tran Kiem C, Lefrancq N, Courtejoie N, Bosetti P, Paireau
J, et al. Estimating the burden of SARS-CoV-2 in France. Science.
2020;369(6500):208-11.

11. Gudbjartsson DF, Norddahl GL, Melsted P, Gunnarsdottir K, Holm H,
Eythorsson E, et al. Humoral immune response to SARS-CoV-2 in Iceland.
N Engl J Med. 2020;383(18):1724-34.

12. Levin AT, Hanage WP, Owusu-Boaitey N, Cochran KB, Walsh SP, Meye-
rowitz-Katz G. Assessing the age specificity of infection fatality rates for
COVID-19: systematic review, meta-analysis, and public policy implica-
tions. Eur J Epidemiol. 2020;35(12):1123-38.

13. Boulle A, Davies M-A, Hussey H, Ismail M, Morden E, Vundle Z, et al. Risk
factors for COVID-19 death in a population cohort study from the West-
ern Cape Province, South Africa. Clin Infect Dis. 2021,73(7):e2005-15.

14. Aveyard P, Gao M, Lindson N, Hartmann-Boyce J, Watkinson P, Young D,
et al. Association between pre-existing respiratory disease and its treat-
ment, and severe COVID-19: a population cohort study. Lancet Respir
Med. 2021;9(8):909-23.

15. Harrison SL, Fazio-Eynullayeva E, Lane DA, Underhill P, Lip GYH. Comor-
bidities associated with mortality in 31,461 adults with COVID-19 in the
United States: a federated electronic medical record analysis. PLoS Med.
2020;17(9):21003321.

16. Henry BM, Lippi G. Chronic kidney disease is associated with severe coronavi-
rus disease 2019 (COVID-19) infection. Int Urol Nephrol. 2020;52(6):1193-4.

17. Sanyaolu A, Okorie C, Marinkovic A, Patidar R, Younis K, Desai P, et al.
Comorbidity and its impact on patients with COVID-19. SN Compr Clin
Med. 2020;2:1069-76.

18. Yang J, Zheng Y, Gou X, Pu K, Chen Z, Guo Q, et al. Prevalence of comor-
bidities and its effects in patients infected with SARS-CoV-2: a systematic
review and meta-analysis. Int J Infect Dis. 2020;94:91-5.

19. Konstantinoudis G, Cameletti M, Gomez-Rubio V, Gémez IL, Pirani M, Baio
G, et al. Regional excess mortality during the 2020 COVID-19 pandemic in
five European countries. Nat Commun. 2022;13(1):482.

20. Staub K, Panczak R, Matthes KL, Floris J, Berlin C, Junker C, et al. Histori-
cally high excess mortality during the COVID-19 pandemic in Switzer-
land, Sweden, and Spain. Ann Intern Med. 2022;175:523-32. https://www.
acpjournals.org/doi/10.7326/M21-3824.


https://doi.org/10.1186/s12916-022-02364-7
https://doi.org/10.1186/s12916-022-02364-7
http://www.icmje.org/coi_disclosure.pdf
http://www.icmje.org/coi_disclosure.pdf
https://www.who.int/dg/speeches/detail/who-director-general-s-opening-remarks-at-the-media-briefing-on-covid-19%2D%2D-11-march-2020
https://www.who.int/dg/speeches/detail/who-director-general-s-opening-remarks-at-the-media-briefing-on-covid-19%2D%2D-11-march-2020
https://www.who.int/dg/speeches/detail/who-director-general-s-opening-remarks-at-the-media-briefing-on-covid-19%2D%2D-11-march-2020
https://covid19.who.int/
https://www.acpjournals.org/doi/10.7326/M21-3824
https://www.acpjournals.org/doi/10.7326/M21-3824

Anderegg et al. BMC Medicine

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33

34

35.

36.

37.

38.

39.

(2022) 20:164

Taccone FS, Van Goethem N, De Pauw R, Wittebole X, Blot K, Van Oyen

H, et al. The role of organizational characteristics on the outcome of
COVID-19 patients admitted to the ICU in Belgium. Lancet Reg Heal - Eur.
2021;2:100019.

Wilde H, Mellan T, Hawryluk |, Dennis JM, Denaxas S, Pagel C, et al. The
association between mechanical ventilator compatible bed occupancy
and mortality risk in intensive care patients with COVID-19: a national
retrospective cohort study. BMC Med. 2021;19:213. https://doi.org/10.
1186/512916-021-02096-0.

Brilleman SL, Elci EM, Novik JB, Wolfe R. Bayesian Survival Analysis Using
the rstanarm R Package. 2020. https://doi.org/10.48550/arxiv.2002.09633.
Chen C, Nadeau S, Yared M, Voinov P, Xie N, Roemer C, et al. CoV-
Spectrum: analysis of globally shared SARS-CoV-2 data to identify and
characterize new variants. Bioinformatics. 2022,38(6):1735-7.

Twohig KA, Nyberg T, Zaidi A, Thelwall S, Sinnathamby MA, Aliabadi S,

et al. Hospital admission and emergency care attendance risk for SARS-
CoV-2 delta (B.1.617.2) compared with alpha (B.1.1.7) variants of concern:
a cohort study. Lancet Infect Dis. 2022;22(1):35-42.

Dennis JM, McGovern AP, Vollmer SJ, Mateen BA. Improving survival of
critical care patients with coronavirus disease 2019 in England: a national
cohort study, march to June 2020*. Crit Care Med. 2021;49(2):209-14.
Roelens M, Martin A, Friker B, Sousa FM, Thiabaud A, Vidondo B, et al.
Evolution of COVID-19 mortality over time: results from the Swiss hospital
surveillance system (CH-SUR). Swiss Med Wkly. 2021;151:w30105.
Anderson MR, Geleris J, Anderson DR, Zucker J, Nobel YR, Freed-

berg D, et al. Body mass index and risk for intubation or death in
SARS-CoV-2 infection : a retrospective cohort study. Ann Intern Med.
2020;173(10):782-90.

DuY, Zhou N, Zha W, Lv Y. Hypertension is a clinically important risk factor
for critical illness and mortality in COVID-19: a meta-analysis. Nutr Metab
Cardiovasc Dis. 2021;31(3):745-55.

Poly TN, Islam MM, Yang HC, Lin MC, Jian W-S, Hsu M-H, et al. Obesity and
mortality among patients diagnosed with COVID-19: a systematic review
and meta-analysis. Front Med. 2021;8:620044.

Barron E, Bakhai C, Kar P, Weaver A, Bradley D, Ismail H, et al. Associa-
tions of type 1 and type 2 diabetes with COVID-19-related mortality

in England: a whole-population study. Lancet Diabetes Endocrinol.
2020;8(10):813-22.

World Health Organization (WHO). Corticosteroids for COVID-19 - living
guidance. 2020. Available from: https://apps.who.int/iris/handle/10665/
334125 [Accessed on 4 May 2022].

The RECOVERY Collaborative Group. Dexamethasone in hospitalized
patients with COVID-19. N Engl J Med. 2021;384(8):693-704.

WHO Rapid Evidence Appraisal for COVID-19 Therapies (REACT) Working
Group, Sterne JAC, Murthy S, Diaz JV, Slutsky AS, Villar J, et al. Associa-
tion between administration of systemic corticosteroids and mortal-

ity among critically ill patients with COVID-19: a meta-analysis. JAMA.
2020;324(13):1330-41.

Siemieniuk RA, Bartoszko JJ, Ge L, Zeraatkar D, Izcovich A, Kum E, et al.
Drug treatments for COVID-19: living systematic review and network
meta-analysis. BMJ. 2020;370:m2980.

Tomazini BM, Maia IS, Cavalcanti AB, Berwanger O, Rosa RG, Veiga

VG, et al. Effect of dexamethasone on days alive and ventilator-free

in patients with moderate or severe acute respiratory distress syn-
drome and COVID-19: the CoDEX randomized clinical trial. JAMA.
2020;324(13):1307-16.

Dequin P-F, Heming N, Meziani F, Planteféve G, Voiriot G, Badié J, et al.
Effect of hydrocortisone on 21-day mortality or respiratory support
among critically il patients with COVID-19: a randomized clinical trial.
JAMA. 2020;324(13):1298-306.

Ye Z,Wang Y, Colunga-Lozano LE, Prasad M, Tangamornsuksan W, Roch-
werg B, et al. Efficacy and safety of corticosteroids in COVID-19 based

on evidence for COVID-19, other coronavirus infections, influenza, com-
munity-acquired pneumonia and acute respiratory distress syndrome: a
systematic review and meta-analysis. CMAJ. 2020;192(27):E756-67.
Corral-Gudino L, Bahamonde A, Arnaiz-Revillas F, Gdbmez-Barquero J,
Abadia-Otero J, Garcia-Ibarbia C, et al. Methylprednisolone in adults
hospitalized with COVID-19 pneumonia : an open-label randomized trial
(GLUCOCOVID). Wien Klin Wochenschr. 2021;133(7-8):303-11.

40.

Page 11 of 11

Angus DC, Derde L, Al-Beidh F, Annane D, Arabi Y, Beane A, et al. Effect of
hydrocortisone on mortality and organ support in patients with severe
COVID-19: the REMAP-CAP COVID-19 corticosteroid domain randomized
clinical trial. JAMA. 2020;324(13):1317-29.

41. Riou J, Panczak R, Althaus CL, Junker C, Perisa D, Schneider K, et al.
Socioeconomic position and the COVID-19 care cascade from testing
to mortality in Switzerland: a population-based analysis. Lancet Public
Health. 2021;6(9):e683-91.

42. Yuki K, Fujiogi M, Koutsogiannaki S. COVID-19 pathophysiology: a review.
Clin Immunol. 2020;215:108427.

43. Dehingia N, Raj A. Sex differences in COVID-19 case fatality: do we know
enough? Lancet Glob Health. 2021;9(1):e14-5.

44. Jordan RE, Adab P, Cheng KK. Covid-19: risk factors for severe disease and
death. BMJ. 2020;m1198. https://www.bmj.com/content/368/bmj.m1198.

45. Pradhan A, Olsson P-E. Sex differences in severity and mortality from
COVID-19: are males more vulnerable? Biol Sex Differ. 2020;11(1):53.

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



https://doi.org/10.1186/s12916-021-02096-0
https://doi.org/10.1186/s12916-021-02096-0
https://doi.org/10.48550/arxiv.2002.09633
https://apps.who.int/iris/handle/10665/334125
https://apps.who.int/iris/handle/10665/334125
https://www.bmj.com/content/368/bmj.m1198

	Survival among people hospitalized with COVID-19 in Switzerland: a nationwide population-based analysis
	Abstract 
	Background: 
	Method: 
	Results: 
	Conclusions: 

	Background
	Methods
	Setting and data
	Outcomes
	Explanatory variables
	Statistical analyses

	Results
	Descriptive statistics
	Survival by epidemic wave
	Survival by ICU occupancy
	Survival by comorbidity type
	Model diagnostics

	Discussion
	Principal findings
	Strengths and weaknesses of this study
	Comparison with other studies
	Interpretation and implications

	Conclusions
	Acknowledgements
	References


