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Aim: Identify factors associated with COVID-19 intensive care unit (ICU) admission 
and death among hospitalized cases in Portugal, and variations from the first to 
the second wave in Portugal, March–December 2020.

Introduction: Determinants of ICU admission and death for COVID-19 need 
further understanding and may change over time. We  used hospital discharge 
data (ICD-10 diagnosis-related groups) to identify factors associated with 
COVID-19 outcomes in two epidemic periods with different hospital burdens to 
inform policy and practice.

Methods: We conducted a retrospective cohort study including all hospitalized cases 
of laboratory-confirmed COVID-19  in the Portuguese NHS hospitals, discharged 
from March to December 2020. We calculated sex, age, comorbidities, attack rates by 
period, and calculated adjusted relative risks (aRR) for the outcomes of admission to 
ICU and death, using Poisson regressions. We tested effect modification between two 
distinct pandemic periods (March–September/October–December) with lower and 
higher hospital burden, in other determinants.

Results: Of 18,105 COVID-19 hospitalized cases, 10.22% were admitted to the ICU and 
20.28% died in hospital before discharge. Being aged 60–69 years (when compared 
with those aged 0–49) was the strongest independent risk factor for ICU admission 
(aRR 1.91, 95%CI 1.62–2.26). Unlike ICU admission, risk of death increased continuously 
with age and in the presence of specific comorbidities. Overall, the probability of ICU 
admission was reduced in the second period but the risk of death did not change. Risk 
factors for ICU admission and death differed by epidemic period. Testing interactions, 
in the period with high hospital burden, those aged 80–89, women, and those with 
specific comorbidities had a significantly lower aRR for ICU admission. Risk of death 
increased in the second period for those with dementia and diabetes.
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Discussion and conclusions: The probability of ICU admission was reduced in 
the second period. Different patient profiles were identified for ICU and deaths 
among COVID-19-hospitalized patients in different pandemic periods with lower 
and higher hospital burden, possibly implying changes in clinical practice, priority 
setting, or clinical presentation that should be further investigated and discussed 
considering impacts of higher burden on services in health outcomes, to inform 
preparedness, healthcare workforce planning, and pandemic prevention measures.

KEYWORDS

COVID-19, health outcomes, risk factors, death, intensive care unit, hospital bed 
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Introduction

Early studies of clinical results of COVID-19 in patients in China 
(1), Italy (2, 3), and the United States of America (4) have described 
risk factors for poorer clinical outcomes, including age, sex, and 
comorbidities. Identifying these determinants while adjusting for 
confounding factors can help inform clinical risk stratification and 
implementation of public health measures and improve epidemiological 
scenarios and forecasts on needed healthcare resources.

Several studies have focused on risk factors for ICU admission 
and death among hospitalized patients with COVID-19 (5).

Although hospitalized patients are only a fraction of the total 
cases in the general population, they provide quality data on 
comorbidities and outcomes and may give important information on 
clinical course and clinical management in different epidemic periods.

Advanced age, male sex, obesity, immunosuppression, and diabetes 
have been previously identified as risk factors for ICU admission (6, 7). 
Asthma and COPD were not identified as risk factors for ICU admission 
and death related to SARS-CoV2 infection (8).

Independent factors associated with in-hospital mortality included 
older age groups, generally above 50, being male, immunosuppression, 
renal disease, chronic lung disease, cardiovascular disease, neurologic 
disorders, diabetes, and dementia (9, 10). Identifying these features 
among patients in routine clinical practice may improve COVID-19 
management (11). However, various studies on risk factors for severe 
outcomes of COVID-19 included small series of patients, mostly in 
single hospital centers (12–14).

One of the largest initial studies in hospital patients showed higher 
risk of death for patients with increased age, cardiac, pulmonary, and 
kidney disease, as well as malignancy, dementia, and obesity (15). The 
OpenSAFELY Collaborative study (16), in the United  Kingdom, 
which included 17 million adult COVID-19 patients, added the 
findings that living in a more socio-economically deprived community 
was a relevant risk factors for death by COVID-19 and reinforced that 
older age, male sex, and having various other prior medical conditions 
were also relevant. High-quality data on possible risk factors for 
poorer outcomes among hospitalized COVID-19 patients is needed to 
inform clinical management, public health policy, and preparedness.

However, there is little research (5) on how risk factors may 
change over time in different pandemic periods considering 
healthcare burden. This may have implications related to clinical 
management and preventive intervention priorities, resource 
allocation, and healthcare supply. Various studies have shown 

increased risks of more severe outcomes in periods with higher 
hospital burden, higher number of patients per healthcare worker, or 
higher hospital occupancy rate (17–20).

We aim to further understand COVID-19 risk factors for two 
outcomes, namely ICU admission and death in hospitalized cases in 
Portugal, while comparing two epidemic periods with different 
healthcare burden, bed occupancy, and healthcare worker to patient 
ratio to generate hypotheses on its causes to inform future research, 
policy, and practice regarding peak pandemic and hospital burden 
periods, health workforce planning, and pandemic and seasonal 
preventive measures.

Methods

Study design and data sources

A retrospective cohort study including all hospitalized COVID-19 
cases in Portuguese National Health Services (NHS) hospitals from 
March to December 2020 was conducted to identify factors associated 
with ICU admission and death in two different periods with different 
healthcare burdens.

Data sources

All hospitalization diagnoses in NHS Hospitals are coded by 
trained medical doctors from clinical registries using the ICD-10 
coding system. These ICD-10 codes are sequenced according to 
ICD-10 guidelines, considering specific COVID-19 guidelines for 
ICD-10 coding (21). Variables such as sex, age in years, and outcomes 
(which include death and transfer to ICU) are recorded as well as 
dates of admission and of outcome. A database with all admissions 
with COVID-19 U07.1 as a diagnosis was shared with the National 
School of Public Health by the Health Ministry services under a 
protocol for anonymized data sharing with academia during the 
COVID-19 pandemic.

Case definition

A confirmed case of COVID-19 is anyone with a positive RT-PCR 
result for SARS-CoV-2 RNA in nasopharyngeal and/or oropharyngeal 

https://doi.org/10.3389/fpubh.2023.1215833
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org


Ricoca Peixoto et al. 10.3389/fpubh.2023.1215833

Frontiers in Public Health 03 frontiersin.org

specimens regardless of clinical or epidemiological criteria. Included 
cases had a U07.1-COVID-19 diagnosis. This code does not include 
asymptomatic COVID-19, in the context of screening or acquired in 
the hospital.

Outcomes

We considered two primary outcomes for all patients admitted to 
hospital with a COVID-19 diagnosis: admission to ICU and death 
during hospitalization.

Exposures

We included in the analysis sex (Female/Male), age (recoded 
into “under 50,” “over 89,” and 10-year bands between 50 and 
89 years of age), and comorbidities as independent variables/
exposures. Dementia was categorized using the Charlston (22) 
comorbidity index. Mental/behavioral disease and pregnancy were 
categorized considering the corresponding ICD-10 category. Other 
ICD-10 codes were categorized considering Elixhauser (23) 
comorbidity index categories (24) if there were more than 100 
observations in the category. We used these comorbidities index 
categories to avoid arbitrary inclusion of ICD-10 codes in categories 
of relevant comorbidities. We present adjusted models for those 
categories. We defined two Periods: since the first reported case in 
Portugal (2 March) to September 30; and from 1 October to 16 
December. These correspond, respectively, to the first wave and 

summer period (low incidence and hospitalizations) and the second 
COVID-19 wave in Portugal (high incidence of cases 
hospitalizations, and ICU admission and high hospital and ICU bed 
occupancy rate; Figure 1).

Statistical analysis

We calculated attack rates (proportion of each outcome by 
stratum) by period. We  calculated adjusted relative risk for ICU 
admission and death, by age group, sex, relevant comorbidities, and 
period, and tested interaction between the Period and other variables 
using robust Poisson regressions. To produce the final model with 
interaction terms between the period and the other variables we also 
tested for statistical significance of interaction terms. After that 
we  created a model that included all interaction terms that were 
statistically significant when added individually to the fully adjusted 
model. Finally, we conducted backward elimination of non-significant 
interaction terms.

Statistical analysis was conducted in Stata (version 14, StataCorp, 
College Station, Texas, United States). All analyses used 95% CI and 
considered a p-value < 0.05 as statistically significant.

Ethical considerations

Anonymized data were shared with the National School of 
Public Health-NOVA University of Lisbon by services of the 
Ministry of Health under a protocol for COVID-19 research.

0
10

00
20

00
30

00
40

00

2/1/2020 4/1/2020 6/1/2020 8/1/2020 10/1/2020 12/1/2020
Date

Daily Hospital Occupancy Daily ICU Occupancy

Period 1 Period 2

FIGURE 1

Number of hospital (general ward) and ICU occupied beds from 2 March to 31 December. Period 1 and 2 are visually represented. March–December 
2020, Portugal.
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Results

Of 18,105 hospitalized cases of COVID-19, 1.852 were admitted 
to the ICU (10.22%) and 3.671 died in hospital before discharge 
(20.28%).

Attack rates for ICU admission where higher for those aged 60–69 
and progressively lower after that age. Attack rates for death increase 
continuously with age. Proportion of hospitalized patients who were 
admitted to the ICU was higher in the first period in most patient 
characteristics (Table 1).

Determinants of ICU admission

In multivariable analysis, there was an increase in probability of 
overall admission to ICU in age groups 50–59 and 60–69, and then 
decreasing above that age. The comorbidities with higher adjusted 
RR for admission to ICU were Obesity, Chronic Liver Disease, 

Mental Disease, and Asthma. Malignant neoplasms, Chronic Kidney 
Disease (CKD), and dementia reduced the probability of ICU 
admission. The risk of ICU admission was significantly lower in 
Period 2 (Table 2). When testing interactions with the Period, in the 
second period there was a significant increase in the adjusted risk of 
ICU admission for men, and a reduction for those aged 80–89 and 
those with metastatic cancer, CKD, pulmonary disease, and 
neurologic disease (Figure 2).

Risk factors for death

We observed that there was large, continuous increase of risk of 
death with age, unlike what was seen with ICU admissions.

In multivariable analysis, there was a continuous increase of risk 
of death with increasing age. Comorbidities that increase the risk of 
death were Malignant Neoplasms, Metastatic cancer, Cardiac Disease, 
CKD, Chronic Liver Disease, Dementia, and Neurologic Disease. 

TABLE 1 Attack rates (proportion by stratum) for the outcome ICU and death in period 1, and period 2, Portugal, March–December 2020 (n = 18,105).

(unite cells) Death

Period 1 (March–

September2020)

Period 2 (October–

December 2020)

Period 1 (March–

September2020)

Period 2 (October–December 

2020)

Exposure Total ICU % Total ICU % Total Death % Total Death %

Sex

Female 4,440 387 8.72 4,153 208 5.01 4,440 815 18.36 4,153 887 21.36

Male 4,736 737 15.56 4,776 520 10.89 4,736 942 19.89 4,776 1,027 21.50

Age

0–49 1933 180 9.31 1,255 96 7.65 1933 35 1.81 1,255 20 1.59

50–59 1,058 183 17.30 1,040 127 12.21 1,058 64 6.05 1,040 57 5.48

60–69 1,457 300 20.59 1,572 233 14.82 1,457 173 11.87 1,572 176 11.20

70–79 1722 298 17.31 1983 195 9.83 1722 393 22.82 1983 430 21.68

80–89 2,136 148 6.93 2,278 75 3.29 2,136 710 33.24 2,278 845 37.09

≥90 870 15 1.72 801 2 0.25 870 382 43.91 801 386 48.19

Comorbidities

Malignant neoplasm 795 88 11.07 609 33 5.42 795 288 36.23 609 237 38.92

Metastatic cancer 91 5 5.49 55 0 0.00 91 44 48.35 55 29 52.73

Mental illness 2,138 356 16.65 1977 186 9.41 2,138 419 19.60 1977 393 19.88

Pregnancy 367 7 1.91 265 5 1.89 367 1 0.27 265 3 1.13

Cardiac disease (heart failure) 1,607 174 10.83 1,515 101 6.67 1,607 548 34.10 1,515 534 35.25

Chronic kidney disease (renal failure) 1,521 162 10.65 1,326 61 4.60 1,521 446 29.32 1,326 447 33.71

Chronic pulmonary disease 666 112 16.82 768 59 7.68 666 173 25.98 768 201 26.17

Asthma 309 45 14.56 339 41 12.09 309 36 11.65 339 34 10.03

Chronic liver disease 661 156 23.60 624 78 12.50 661 136 20.57 624 149 23.88

Obesity 1811 362 19.99 2,130 247 11.60 1811 312 17.23 2,130 414 19.44

Dementia 1,387 40 2.88 1,203 12 1.00 1,387 496 35.76 1,203 524 43.56

Hypertension 2,588 300 11.59 2,649 220 8.31 2,588 678 26.20 2,649 754 28.46

Diabetes 2069 279 13.48 2,191 178 8.12 2069 471 22.76 2,191 573 26.15

Neurologic disease 561 77 13.73 509 23 4.52 561 175 31.19 509 177 34.77

Total 9,176 1,124 12.25 8,929 728 8.15 9,176 1757 19.15 8,929 1914 21.44
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Pregnancy, Asthma, and Diabetes reduced the risk of death, although 
diabetes had only a mild reduction. Adjusted risk of death did not 
change significantly in the second period although death rate was 
higher in the second period.

When testing interaction terms between the period and other 
variables for the outcome death, only the interaction of the second 
period with diabetes and with Dementia were statistically significant. 
They remained significant in a fully adjusted model with all previously 
significant interaction terms (Figure 3; Table 3).

Discussion

We identified different adjusted risk factors for ICU 
admission and death in two different periods with different 
hospital burden, considering age, sex, and comorbidities. Obesity 
and Respiratory disease were significant risk factors for ICU 
admission but not for death. Risk of ICU increased with age but, 
unlike for death, risk of ICU admission stopped increasing after 
70–79 years of age. Risk of ICU and death for age, sex, and various 
comorbidities changed in the second period of higher hospital 
burden. Testing effect modification by the period, in the period 
with high hospital burden those aged 80–89, women, and those 
with specific comorbidities had a significantly lower aRR for ICU 
admission. Risk of death increased in the second period for those 
with dementia and diabetes.

These findings identify knowledge gaps regarding ICU admission 
and clinical practice in periods of higher hospital burden. Changes 
may be due to the impact of healthcare burden in clinical management 
and ICU admission threshold, and variation in severity profile of 
patients admitted to hospital with COVID-19.

By observing variation in risk for different exposures in 
different periods we hypothesize that there may be changes in 
clinical care or severity profile of hospitalized patients in different 
time periods that can affect the probability of being admitted to 
an ICU and alter risk of death in some patients. In the face of 
strained resources and high bed occupancy rate, ICU admission 
may deprioritize patients with lower expected benefit from ICU 
admission. This may justify why patients aged 80–89 were less 
likely to be admitted to the ICU in the second period as well as 
those with relevant comorbidities. Patients over 90 and those 
with dementia did not see a difference in ICU admission 
probability in the two periods, possibly because they already had 
low admission rates due to low expected benefit, or because they 
die without ICU admission criteria or by causes and in clinical 
contexts that may not constitute ICU admission criteria. 
Similarly, increased risk of death for patients with dementia and 
diabetes may be due to changes in management related to hospital 
overload, implying that these patients may be  of higher 
vulnerability when admitted to hospital in context of high 
hospital burden. A higher baseline severity or clinical 
vulnerability of patients admitted to hospital in the second period 
due to various factors may also contribute to the observed 
increase in risk of death for specific patient profiles.

Age remains the most relevant risk factor after adjustment. In 
our study, some comorbidities were weak risk factors or not 
associated with increased risk of death, such as chronic pulmonary 
disease, obesity, and diabetes. This may be  partly because 
categorization using Elixhauser comorbidity index may include less 
severe disease or eventually because some patients in those categories 
may be admitted with less severe profile in a precautionary approach. 
In the adjusted model, obesity and respiratory disease were not 
significant risk factors for death but were strong risk factors for ICU 
admissions among comorbidities. These findings may imply lower 
thresholds for admission to the ICU for these patients but not 
intrinsically higher severity, although this must be considered with 
caution since obesity and respiratory disease have been risk factors 
for death in other studies (25, 26). In our study it is possible that 
Elixhauser chronic pulmonary disease and diabetes categories 

TABLE 2 Fully adjusted model for the outcome of the ICU admission 
including significant interactions between the Period and other variables, 
Portugal, March–December 2020 (n = 18,105).

ICU admission aRR p-value [95%conf.
interval]

Sex

Female Ref

Male 1.43 <0.001 [1.27–1.60]

Age

0–49 Ref

50–59 1.47 <0.001 [1.26–1.72]

60–60 1.80 <0.001 [1.56–2.07]

70–79 1.57 <0.001 [1.35–1.82]

80–89 0.86 0.138 [0.70–1.05]

≥90 0.18 <0.001 [0.11–0.29]

Comorbidities

Malignant neoplasms 0.77 0.004 [0.65–0.92]

Metastatic cancer 0.44 0.067 [0.18–1.06]

Mental/behavioral disease 1.16 0.001 [1.06–1.28]

Pregnancy 0.27 <0.001 [0.15–0.47]

Cardiac disease (heart failure) 1.09 0.233 [0.95–1.26]

Chronic kidney disease (renal 

failure) 0.85 0.047 [0.72–1.00]

Chronic pulmonary disease 1.25 0.012 [1.05–1.49]

Asthma 1.23 0.035 [1.02–1.50]

Chronic liver disease 1.42 <0.001 [1.25–1.60]

Obesity 1.52 <0.001 [1.38–1.66]

Dementia 0.28 <0.001 [0.21–0.37]

Hypertension 0.92 0.317 [0.78–1.08]

Diabetes 1.07 0.408 [0.91–1.25]

Neurologic disorders 1.15 0.181 [0.94–1.42]

Period

Period2 0.60 <0.001 [0.51–0.71]

Effect modification by the period

Male*Period2 1.24 0.026 [1.03–1.51]

80–89*Period2 0.75 0.047 [0.56–1.00]

Metastatic*Period2 0.00 <0.001 [0.00–0.00]

CKD (Renal failure)*Period2 0.72 0.032 [0.53–0.97]

Pulmonary*Period2 0.70 0.022 [0.52–0.95]

Neurologic*Period2 0.55 0.009 [0.35–0.86]
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includes less severe disease. Specifically, diabetes includes 
complicated and uncomplicated subcategories. In the first period it 
is possible that respiratory disease had a lower admission threshold 
because of a precautionary approach since in the second period there 

was a large reduction in adjusted risk for ICU admission in those 
with respiratory disease. However, other comorbidities such as 
cardiac disease and chronic kidney disease did not increase risk of 
ICU admission but increased the risk of death, which raises further 
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FIGURE 2

Forest plot representing the aRR of the adjusted model for the outcome ICU admission, including significant interactions between Period and other 
variables, Portugal, March–December 2020 (n = 18,105).
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FIGURE 3

Forest plot representing the aRR of the adjusted model for the outcome death, including significant interactions between Period and other variables, 
Portugal, March–December 2020 (n = 18,105).
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research questions related to patient ICU admission practices 
and outcomes.

We found that Neurologic Disease, Cancer, CKD, cardiac disease, 
liver disease, and dementia were important risk factors for death. 
Interestingly, the effect of dementia was modified by the period of 
analysis and the risk of death was even higher in the second period. 
This may be due to lower threshold for hospital admission of cases 
with dementia due to increase in hospital occupancy and due to 
changes in clinical management of cases outside of the hospital and of 
admitted cases that may have increased risk of death. It is also possible 
that disease severity in this group increased during the second period 
among cases in specific settings such as nursing homes in outbreak 
contexts; this could be  related to variant severity profile, higher 

infectious dose exposure, or other non-observed factors related to 
pre-hospital and hospital clinical management.

Conversely, Cardiac Disease, CKD, malignant neoplasms, 
metastatic disease, and dementia had no association or a negative 
association with ICU admission but all increased the risk of death.

The risk of ICU admission decreases in older ages, as found in 
other Portuguese cohort studies of all confirmed cases in the first 
COVID-19 wave in Portugal (27). That reduction was larger during 
the second period (October–December). It is possible that some 
older patients may die without meeting criteria for ICU admission or 
eventually, many who end up meeting those criteria may die before 
they can be admitted. Furthermore, they may be no expected clinical 
benefit and very low recovery expectations if admitted to the 
ICU. Debate has been ongoing on this topic considering the 
challenges and ethics of admitting patients of a very advanced age to 
ICU, patient and family wishes, and therapeutic futility (28–32). 
Portuguese guidelines considered the existence of comorbidities for 
hospital admission but the criteria for admission to the ICU include 
mainly clinical severity criteria (33) which could impact the estimates 
for comorbidities for the two outcomes.

Combined, these findings suggest that there are differences in ICU 
admission thresholds for different patient characteristics or different 
expected benefits from admission, in different periods with higher and 
lower hospital and bed occupancy rates. This should remain relevant 
even if severity profile at admission changed for specific patient 
profiles. Few studies describe outcomes of ICU admission for different 
patient profiles with COVID-19 and continuous research in this area 
remains necessary.

This study has strengths and limitations. We used information 
extracted from the national electronic records of patients’ 
hospitalizations that uses ICD-10 codes for comorbidities (coded by 
trained medical doctors after discharge, from clinical notes, through a 
standardized procedure in accordance with ICD-10 coding guidelines) 
(21). This assures good quality of comorbidity and outcome data.

By using Elixhauser (34) comorbidity Index categories, we intend 
to reduce arbitrariness in categorizing ICD-10 comorbidities by relying 
on a validated comorbidity index used to predict risk of severe 
outcomes. This may also facilitate replication of studies. A recent study 
compared Charlston Comorbidity Index categories and Elixhauser 
categories and found similar comorbidity risks for death (35). However, 
as previously described, using Elixhauser categories may include a 
range of clinical entities and clinical severities in some groups, that may 
include milder comorbidities, possibly underestimating risk for more 
specific comorbidities within those categories.

There are limitations in this study. Firstly, hospitalized patient 
characteristics at admission may have changed over time. This means 
that risk estimates for outcomes are subject to variation by this factor 
as previously discussed. For example, the first hospitalized patients 
in Portugal were hospitalized without severe disease for isolation 
purposes. However, this situation comprises a minimal number of 
cases in the first week of cases in Portugal and cannot produce 
relevant selection bias. However, in different periods, the clinical 
thresholds for general hospital admission may have varied 
differentially for different patient characteristics due to higher 
hospital burden and stretch of capacity. This could contribute to a 
more severe clinical profile at admission for specific comorbidities 
and age groups that could influence the change in risk estimates for 
ICU admission and death in the two analyzed periods.

TABLE 3 Fully adjusted model for the outcome death including 
interactions between Period and other variables, Portugal, March–
December 2020 (n = 18,105).

Death aRR p-value [95% conf. 
interval]

Sex

Female Ref

Male 1.24 <0.001 [1.18–1.32]

Age

0–49 Ref

50–59 2.62 <0.001 [1.90–3.59]

60–60 5.15 <0.001 [3.86–6.86]

70–79 9.35 <0.001 [7.09–12.34]

80–89 14.49 <0.001 [11.00–19.08]

≥90 19.69 <0.001 [14.91–25.99]

Comorbidities

Malignant neoplasms 1.71 <0.001 [1.57–1.85]

Metastatic cancer 1.78 <0.001 [1.47–2.15]

Mental/behavioral disease 1.02 0.58 [0.95–1.09]

Pregnancy 0.23 <0.001 [0.09–0.58]

Cardiac disease (heart failure) 1.24 <0.001 [1.15–1.34]

Chronic kidney disease (renal 

failure)

1.16 <0.001 [1.09–1.24]

Chronic pulmonary disease 0.94 0.18 [0.86–1.03]

Asthma 0.69 <0.001 [0.56–0.85]

Chronic liver disease 1.36 <0.001 [1.23–1.51]

Obesity 1.03 0.42 [0.96–1.10]

Dementia 1.17 <0.001 [1.07–1.28]

Hypertension 1.02 0.58 [0.94–1.11]

Diabetes 0.89 0.03 [0.81–0,99]

Neurologic disease 1.46 <0.001 [1.34–1.60]

Period

Period2 0.98 0.59 [0.91–1.05]

Effect modification by the period

Diabetes*Period2 1.16 0.02 [1.03–1.30]

Dementia*Period2 1.26 0.00 [1.12–1.41]
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Used data comprised all patients with a COVID-19 diagnosis 
registered in ICD-10 (21). It is possible that some patients were 
admitted for other conditions not related to COVID-19 infection. 
However, during this period of the pandemic, most hospitalized 
patients with COVID-19 were admitted due to COVID-19 
symptoms, decompensation of chronic disease due to COVID-19 
infection, or complications arising from the infection. Still, in 
theory, this could introduce bias in estimates of risk if COVID-
19-infected patients with other reasons for admission had a 
systematically lower or higher risk of ICU admission or death. If 
patients with specific ages or comorbidities had more often been 
admitted for a condition that was not related to COVID-19, and 
systematically had lower risk of ICU admission or death, this 
would underestimate risk for those ages or comorbidities. 
However, in our study, COVID-19 (U07.1) was sequenced as the 
first diagnosis in 15,299 admissions, the second in 1,075, and the 
third in 744. These comprise approximately 95% of analyzed 
admissions, making the analysis robust for the purpose of 
exploring differences in risk factors in two periods for the 
outcomes of interest for COVID-19 patients.

ICD-10 coding guidelines only reccomends code (U07.1) 
COVID-19 as first diagnosis when COVID-19 meets the definition of 
principal diagnosis, when the reason for the encounter/admission is a 
respiratory manifestation of COVID-19. COVID-19 that is identified 
in screening or acquired in hospital, asymptomatic COVID-19, and 
probable COVID-19 are not assigned the (U07.1) COVID-19 code. A 
patient with sepsis, obstetrics, or transplant complications due to 
COVID-19 will be  coded with those codes as first diagnosis. 
Decompensation of a relevant comorbidity atributed to COVID-19 
will usually imply COVID-19 as one of the first diagnosis.

There are relevant comorbidities that we could not adjust for that 
have been previously found to be of relevance for the COVID-19 
severity outcomes, such as economic deprivation (16) and minority 
ethnic groups (16, 36).

This is one of few studies comparing how risk changed for ICU 
admission and death among hospitalized COVID-19 patients in 
periods with high and low hospital burden. Further research is 
warranted to understand possible changes in clinical practice for 
older patients, women, and patients with specific comorbidities in 
periods of higher hospital burden to inform human resource planning 
and health practice and policy. Chances of survival in ICU should 
be further researched to help priority setting in increased burden 
contexts while aiming to increase capacity to guarantee access to all 
who may benefit from ICU and hospital admission in general. Further 
research is needed to understand how increase in hospital burden and 
bed occupancy may impact admissions and probability of ICU 
admission or death and what type of patients may have larger benefit 
from ICU admission. Personal and family considerations, as well as 
clinical judgment, are necessary to make decisions on a case-by-case 
approach but epidemiological sound data should contribute to 
these decisions.

Evidence that increased hospital burden has a negative impact on 
clinical management and outcomes for both COVID and 
non-COVID-conditions is relevant to inform control measures facing 
scenarios of increased hospital burden by COVID and other infectious 
respiratory diseases or due to reduced human resources. When facing 
increased burden, healthcare professionals will inevitably have to 
manage limited technical and human resources.

Conclusion

In this study, age was the strongest single risk factor for death among 
hospitalized patients. For ICU admission, after 60–69 years, the risk of ICU 
admissions starts reducing and becomes protective after 80 years old, but 
risk of death increases continuously with age. In the second analyzed 
period, probability of ICU admission was significantly lower, specially for 
older age groups, women, and those with specific comorbidities and the 
risk of death increased in the second period for those with dementia and 
diabetes. These findings may imply changes in clinical practice due to 
increased hospital burden or changes in clinical severity of hospitalized 
patients with specific characteristics, and should be further investigated. 
Further research on changes in determinants of admission, ICU admission, 
and death may improve understanding on how different severity profiles, 
increased hospital burden, or reduction of healthcare workforce and 
increased patient-staff ratio may affect clinical practice and outcomes to 
inform preparedness, healthcare workforce planning, prevention measures, 
and healthcare practice and policy.
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