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The association between vital
signs at hospital admission and
adverse outcomes in patients
with COVID-19: a retrospective
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Karolinska Institutet, Stockholm, Sweden

Background: Vital sign measurements at hospital admission are used to
identify patients at risk for adverse events. However, how vital signs at
admission are related to adverse outcomes among COVID-19 patients is not
fully characterized.

Objectives: To characterize vital signs at admission and their associations with
intensive care unit/intermediate care unit (ICU/IMCU) admission and in-hospital
mortality in adult patients with COVID-19.

Methods: This retrospective cohort study included 2,826 adults admitted with
COVID-19 to Karolinska University Hospitals, Stockholm, Sweden, between
2 March 2020 and 1 June 2021. The Cox proportional hazards model was
used to estimate hazard ratios (HRs) and 95% confidence intervals (Cls) for
associations between vital signs at admission and ICU/IMCU admission and
in-hospital mortality.

Results: The median age was 62.2 years, and 62.1% were men. Each unitincrease
in respiratory rate (HR 1.03, 95% Cl| 1.02-1.05), heart rate (HR 1.01, 95% ClI
1.00-1.02), temperature (HR 1.21, 95% Cl 1.11-1.32), and each unit decrease
in saturation (HR 1.05, 95% Cl 1.04-1.06) were associated with ICU/IMCU
admission. Respiratory rate (HR 1.04, 95% CI 1.02-1.07) and saturation (HR
1.04, 95% CI 1.02-1.06) were also associated with in-hospital mortality. These
associations persisted across pandemic waves.

Conclusion: Respiratory rate and lower saturation at admission were associated
with increased ICU/IMCU admission and in-hospital mortality. Our findings
suggest that greater emphasis on respiratory rate and oxygen saturation in early
warning scores—such as the revised Sequential Organ Failure Assessment (SOFA)
score and other sepsis prediction models, to improve risk stratification of viral
sepsis, especially in patients with COVID-19.
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Introduction

Since the first case of COVID-19 caused by SARS-CoV-
2 infection was reported, rapid progress has been made in
understanding the pathogenesis of the disease, therapeutic
strategies, and the development of effective vaccines. The severity
and characteristics of SARS-CoV-2 infection and COVID-19 vary
widely, and most cases require no medical treatment (1, 2).
exhibit
progression, culminating in critical illness characterized by

However, a subset of patients rapid disease
respiratory failure, pulmonary compromise, and the onset
of acute respiratory distress syndrome (ARDS). These severe
manifestations underscore the multifaceted pathophysiology
of COVID-19, implicating dysregulated immune responses,
microvascular  dysfunction, and aberrant coagulation
pathways (3).

The rapid response by the scientific and medical community
have led to the development of SARS-CoV-2 vaccines and enhanced
understanding of effective treatments, significantly reducing the
burden and severity of COVID-19. However, new variants of SARS-
CoV-2, such as Delta and Omicron, continue to pose challenges
through their increased transmissibility and potential for immune
evasion (4), thus further complicating the clinical landscape. Early
observations of severe COVID-19 cases have enhanced clinical
practices and risk stratification to identify individuals at risk of
clinical deterioration and mortality (5, 6). However, there is a
need of studies from later stages of the pandemic to ensure that
current clinical practices retain their prognostic accuracy given
the changing characteristics of the disease. Moreover, COVID-
19 can lead to sepsis, a serious, sometimes fatal overreaction
of the immune system to an infection. While sepsis is most
associated with bacterial infections, it is now clear that viral
infections, including COVID-19, can also trigger sepsis, referred
to as viral sepsis. Sepsis cause ~11 million deaths each year
worldwide. Therefore, early recognition of sepsis is critical because
timely intervention significantly reduces mortality and improves
patient outcomes.

Within
settings, the assessment of physiological vital signs, including

emergency departments and other clinical
temperature, heart rate, blood pressure, respiratory rate and
oxygen saturation, is an integral and pivotal tool for detecting
patients susceptible to adverse outcomes and complications
(7). These vital signs serve as crucial indicators for triaging
and signaling the necessity for emergency care, follow-up,
and subsequent clinical decisions and play a pivotal role in
the National Early Warning Score (NEWS/NEWS2) system
(8). However, despite their widespread clinical utility, the
predictive accuracy of an initial NEWS/NEWS2 score for
mortality in COVID-19 patients seem to be

lower compared to non-COVID-19 patients. Moreover, the

in-hospital

majority of studies investigating how vital signs, and the
NEWS/NEWS2 score are associated with adverse events were
conducted in the beginning of the COVID-19 pandemic
(9-16). Furthermore, certain vital sign patterns may vary
among different demographic groups, such as age, sex, and
comorbidities, underscoring the importance of tailored risk
assessment approaches (17, 18).
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To advance our understanding of the role of physiological
vital signs included in NEWS/NEWS?2 scores in risk stratification
of COVID-19 patients admitted to emergency care, studies
incorporating comprehensive data spanning longer periods of
the pandemic are needed. The aim of the present study was
to investigate whether physiological vital signs measured at
admission, including heart rate, respiratory rate, systolic blood
pressure, saturation, and temperature, are associated with the risk
of intermediate care unit (IMCU) and intensive care unit (ICU)
admission and in-hospital mortality among patients with COVID-
19 as their primary cause of hospital admission. Furthermore, we
explored variations in these associations across the initial three
waves of the COVID-19 pandemic to reflect the evolving landscape
with the new SARS-CoV-2 variants as well as available vaccines and
new clinical practices.

Methods
Study population

This retrospective cohort study of patients admitted to
Karolinska University Hospital (KUH), which has two main
campuses located in northern and southern Stockholm,
respectively, between 2 March 2020 and 1 June 2021. Figure 1
represents a flow chart of the included patients. Retrospective
data were retrieved from the KARDAS database. The KARDAS
database is an electronic health record database including summary
electronic health records (EHR), therapeutic investigations and
diagnosis during hospital stay. The study population included
all adult patients >18 years who were admitted to the hospitals
with COVID-19 as the primary diagnosis. Primary diagnosis of
COVID-19 was defined as the presence of the ICD-10-SE U07.1
COVID-19, a virus identified in medical records and a positive
PCR test for SARS-CoV-2, ranging from 14 days prior to admission
up to 3 days after admission. Patients were excluded if they had
missing information on vital signs, sex or age (n = 99). We further
excluded patients admitted to the ICU or intermediate care unit
(IMCU) within 1h of admission (n = 136) to avoid influence
of reversed causality. Thus, 2,826 patients were included in our
final analysis.

Three time periods were categorized to cover separate waves
of hospital admissions (wave 1: 2 March 2020-30 September
2020; wave 2: 1 October 2020-31 January 2021; and wave 3:
1 February—1 June 2021). The time periods for the first and
second waves were defined to be consistent with those from the
analysis by the Swedish National Board of Health and Welfare
(19). The third wave was defined as the data remaining after 31
January 2021.

Vital signs
In this study physiological vital signs included in the
NEWS score were investigated to reflect early risk stratification

during triaging taking place at the emergency ward. Vital signs
at admission were defined as the first vital signs registered
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Patients in KARDAS database with
COVID-19 related diagnosis between
2020-03-02 and 2021-06-01
n=7,955

Excluded (n = 3552)
- Outpatient care: 1640
- Main diagnosis # COVID-19: 1912

b 4

COVID-19 population
n =4,403

h 4

Included study population

n=2,826

FIGURE 1
Inclusion and exclusion criteria for the study cohort

ﬂxcluded (n=1577)

KNot complete cases of vital signs: 18 /

\

- Missing data on age or sex: 81

- Positive COVID-19 test > 14 days prior
or > days post admission: 1301

- No record of vital signs < 6h prior or
during admission: 29

- Clinical criteria outliers: 12

Instant ICU/IMCU admission (<1h) : 136

up to 6h prior to admission including respiratory rate
(breaths/min), heart rate (beats/min), systolic blood pressure
(SBP, mmHg), (°C)
(SpO2) (%).

temperature and oxygen saturation

Potential confounders

We collected data on age, sex, and medication use prior to
admission, and the use of oxygen support (L/min). Age and
sex were identified from the Swedish personal identification
number. Medication use prior to admission was used as a proxy
for other comorbidities at baseline. Medications were grouped
on the Anatomical Therapeutic Chemical/Defined Daily Dose
(ATC/DDD) classification, which is used by the World Health
Organization (20). We included antihypertensive medication use,
which was defined as the use of ACE inhibitors (ATC code C09AA),
ARBs (C09C and C09D), or calcium channel blockers (C08). The
anticoagulants used were warfarin (BO1AAO03), low-molecular-
weight heparin (B01AB04, B01AB05, B01AB06, BO01ABO07,
B01ABO08, and B01AB10), or novel oral anticoagulants (BO1AE07).
High-cholesterol medications are defined as statins (C10AAs).
Platelet inhibitors are defined as platelet aggregation inhibitors
excluding heparin (BO1AC). Medications were prescribed before
hospital admission but could be extended during the hospital
stay. For oxygen support we only had available information on
volume of supplementary oxygen at arrival to the emergency
department. We did not have available information on type of
oxygen supplementation.
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Outcomes

Cases of ICU or IMCU admission and in-hospital death
were identified from the KARDAS database. This contain detailed
information on which units’ patients were admitted to and time
of referral to another using including ICU and IMCU including
date and time. At Karolinska University Hospital, IMCU and ICU
are defined as units that provide inotropic and non-invasive or
invasive respiratory treatment. The time to event was calculated as
the number of hours from admission to the ICU or IMCU, the time
of death or discharge, or the end of the study period (1st of June
2021), whichever came first.

Statistical analysis

Descriptive statistics are presented as median and interquartile
range (IQR) for continuous variables and percentages (%) for
categorical variables. Boxplots were constructed for graphical
presentation of vital signs. Multicollinearity was explored by
calculating Pearson correlation coefficients between vital signs.
Cox proportional hazard models were used to calculate crude and
multivariable-adjusted hazard ratios (HRs) with 95% confidence
intervals (CIs) for the association between vital signs at admission
and ICU/IMCU admission and in-hospital mortality. We designed
two multivariable adjusted models. Model 1 was adjusted for age,
sex, medications, supplementary oxygen flow (L/min). Model 2
was adjusted for age, sex, medications, supplementary oxygen
flow (L/min) and all vital signs simultaneously. Selection of
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confounders was based on a priori knowledge and what was
available from the medical records. Missing information on
variables was handled using the complete case approach. In total,
81 participants had missing information on age and sex as they
lacked a Swedish personal identification number and 18 did not
have complete information on vital signs (Figure 1). Proportional
hazard assumptions were evaluated with the Schoenfeld test
and graphical examination of each variable. Violations in the
proportional hazard assumption were observed for sex; therefore,
all adjusted models were stratified for this variable. In the subgroup
analysis, we investigated whether the association between vital
signs at admission and ICU/IMCU admission and in-hospital
mortality varied according to timing of admission (three time
periods reflecting waves of the pandemic). To investigate whether
the associations were modified by potential risk factors for severe
COVID-19, we performed subgroup analyses by age (<65 or >65
years), gender (woman or man), antihypertensive medication (no
or yes), anticoagulants (no or yes), lipid-lowering drugs (no or yes),
and platelet inhibitors (no or yes), and oxygen support (no or yes).
Multiplicative interactions were investigated with Wald chi-square
tests. Analysis was performed in RStudio and R version 4.2.1 via the
survival package.

Results

The characteristics of the study population are presented in
Table 1. The median hospital stay was 6.98 days. The median age
was 62.2 years (IQR 51-75), and 62.1% were men. During the
follow-up, 246 (8.7%) patients were admitted to the IMCU, and
241 (8.5%) were admitted to the ICU. A total of 296 in-hospital
deaths were recorded. At admission, the median respiratory rate
was 22 breaths/min (IQR 18-26), the median body temperature was
37.8°C (IQR 37.0-38.6), the median heart rate was 87 beats/min
(IQR 77-99), the median systolic blood pressure was 130 mmHg
(IQR 117-142), and the median oxygen saturation was 95% (IQR
92-97; Figure 2). In Supplemental Figure 1, the Pearson correlation
coefficient between vital signs is presented. The highest correlation
coefficient was observed between respiratory rate and saturation
(r = 0-29) followed by temperature and heart rate (r = 0.26).
Figure 3 depicts weekly hospital admissions according to the three
pandemic waves and starting dates for waves 2 and 3. There were
1,327 patients in the first wave, 931 in the second wave, and 568 in
the third wave.

Associations between vital signs at
admission and the risk of ICU/IMCU
admission

Table 2 shows the HRs and 95% CIs for ICU or IMCU
admission. In the crude analysis, respiratory rate (HR 1.06, CI
1.05-1.07), heart rate (HR 1.01, CI 1.01-1.02), temperature (HR
1.29, CI 1.19-1.40), and lower oxygen saturation (HR 1.06, CI
1.05-1.07) were associated with a higher risk of ICU/IMCU
admission. Adjustments for age, sex, medication use, and oxygen
(L/min) showed similar associations. When all vital signs were
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adjusted for simultaneously, respiratory rate (HR 1.03, CI 1.02-
1.05), temperature (HR 1.21 CI 1.11-1.32) and lower oxygen
saturation (HR 1.05 CI 1.04-1.06) were associated with a higher
risk of ICU/IMCU admission. Systolic blood pressure was not
associated with the ICU/IMCU in any model. In sensitivity analysis,
we included patient that were directly transferred to ICU/IMCU
(N = 136) that were excluded in the main analysis, and the
results remained similar except for temperature [HR: 1.13 (95% CI:
1.04-1.06)] that was slightly attenuated. In the subgroup analysis
of various pandemic waves, similar associations were observed;
however, only respiratory rate and saturation remained statistically
significant across all three waves. In Supplementary Table 1, the
association between vital signs and ICU/IMCU admission by
subgroups of age, gender, baseline medication use, and oxygen
supply are shown. Statistically significant interaction effects were
observed saturation and age (P for interaction = 0.000), heart rate
and age (P for interaction = 0.01), temperature and anticoagulants
(P for interaction = 0.01) total mortality (P = 0.04 for interaction).

Associations between vital signs, admission
and in-hospital mortality

The associations between vital signs and in-hospital mortality
are shown in Table 3. In the crude analysis, a higher (every unit
change) respiratory rate (breaths/min; HR 1.07, 95% CI 1.05-1.09)
and lower saturation (HR 1.07, 95% CI 1.05-1.09) were associated
with higher in-hospital mortality. Further adjustment for age,
sex, medications and oxygen (L/min) showed similar associations.
Additional adjustments for vital signs slightly attenuated the
associations for respiratory rate (HR 1.04, 95% CI: 1.02-1.07)
and saturation (HR 1.04, 95% CI: 1.02-1.06). Systolic blood
pressure, heart rate, temperature and oxygen saturation were not
significantly associated with in-hospital mortality. In sensitivity
analysis, patient that were directly transferred to ICU/IMCU
were included and similar the results were observed except for
temperature [HR: 1.02 (95% CI: 1.00-1.03)]. In the analysis across
the waves, statistically significant associations were observed for
lower saturation across all three waves whereas the association with
respiratory rate was statistically significantly associated with higher
in-hospital mortality in wave 1. There was statistically significant
interaction effects observed between saturation and use of platelet
inhibitors at baseline (P for interaction = 0.04), and saturation and
oxygen support (P for interaction = 0.03; Supplementary Table 2).

Discussion

In this retrospective cohort study of COVID-19 patients
admitted to two Karolinska University Hospitals, several vital signs
at admission were associated with ICU/IMCU admission and in-
hospital mortality. Among all vital signs investigated, a higher
respiratory rate and lower saturation were associated with both
admission to the ICU/IMCU and in-hospital mortality. In addition,
increased temperature and heart rate were associated with an
increased risk of admission to the ICU/IMCU. The associations
were similar across all the pandemic waves.

The present study adds to the accumulating evidence on the
use of vital signs at admission for the triage of COVID-19 patients.
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TABLE 1 Baseline characteristics of the study cohort.

Time periods Total (N = 2826) Wave 1: Wave 2: Wave 3:
2020-03-02 to 2020-10-01 to 2021-02-01 to

2020-09-30 2021-01-31 2021-06-01
(N =1327) (N =931) (N = 568)

Age (years) 62.2 [51-75] 60.5 [49-73] 65.6 [55-78] 60.4 [49-73]

Gender

Women 1,070 (37.9%) 476 (35.9%) 381 (40.9%) 213 (37.5%)

Men 1,756 (62.1%) 851 (64.1%) 550 (59.1%) 355 (62.5%)

Vital signs

Respiratory rate (breaths/min)

22.0 [18-26]

22.0 [18-26]

21.0 [18-25]

21.0 [18-25]

Systolic Blood Pressure (mmHg)

130 [117-142)

130 [116-141]

130 [118-145]

130 [116-142]

Heart Rate (bpm)

87.0 [77.0-99.0]

88.0 [78.0-100.0]

86.0 [75.0-97.0]

88.0 [78.0-98.0]

Temperature (°C)

37.8[37.0-38.6]

37.9[37.1-38.7]

37.6 [36.9-38.4]

37.7 [37.0-38.6]

Saturation (%)

95.0 [92.0-97.0]

95.0 [92.0-97.0]

95.0 [92.0-97.0]

95.0 [93.0-97.0]

Oxygen at admission 214 (7.6%) 83 (6.3%) 94 (10.1%) 37 (6.5%)
Medications?®

Antihypertensives 515 (18.2%) 240 (18.1%) 176 (18.9%) 99 (17.5%)
Anticoagulants 422 (14.9%) 147 (11.1%) 175 (18.8%) 100 (17.6%)
High cholesterol 241 (8.5%) 111 (8.4%) 85 (9.1%) 45 (8.0%)
Platelet inhibitors 213 (7.5%) 102 (7.7%) 82 (8.8%) 29 (5.1%)
In-hospital deaths 296 (10.5%) 174 (13.1%) 83 (8.9%) 39 (6.9%)
Critical care

ICU admission 241 (8.5%) 135 (10.2%) 70 (7.5%) 36 (6.3%)
IMCU admission 246 (8.7%) 98 (7.4%) 80 (8.6%) 68 (12.0%)

Length of stay

Hospital (days)

6.98 [3.55-12.60]

6.65 [3.50-11.90]

7.55 [3.57-12.90]

7.35 [3.64-13.10]

ICU (days)

8.12 [3.79-16.9]

9.73 [4.35-17.30]

7.77 [3.41-18.20]

521 [3.81-10.80]

IMCU (days)

2.91 [1.42-4.99]

2.49 [1.23-4.16]

3.11 [1.69-5.23]

2.97 [1.51-5.94]

Time—-to—event

Discharge (days)

5.86 [2.85-9.71]

5.60 [2.84-9.27]

6.29 [2.94-10.30]

5.91[2.76-9.73]

Death (days)

7.00 [4.33-12.70]

6.23 [4.17,9.12]

8.39 [4.41-15.50]

15.6 [11.5-18.30]

ICU or IMCU admission (days)

1.75 [0.569-3.94]

1.31 [0.493-3.17]

2.45 [0.814-4.58]

1.79 [0.499- 4.15]

Continuous variables are presented as medians (IQRs). Categorical variables are presented as numbers (percentages).

?Medication use at admission. Antihypertensive medication use was defined as the use of ACE inhibitors, ARBs, or calcium channel blockers. Anticoagulants: Warfarin, low-molecular-weight

heparin, or novel oral anticoagulants. High-cholesterol medications: statins. Platelet inhibitors: Platelet aggregation inhibitors excluding heparin.

Close monitoring of vital signs is important for identifying patients
at risk of adverse events, including ICU/IMCU admission and
in-hospital mortality. Although adverse events among COVID-
19 patients have decreased with the development of treatments
and vaccines (21), patients are still admitted to hospitals and
ICU/IMCU due to COVID-19.

To the best of our knowledge no previous study have
investigated the association between vital signs at admission
and risk of higher-level care including ICU/IMCU admission.
However, one cross-sectional study investigated the association
between NEWS2 and severe and critical illness state among 414
adults admitted to hospital care in China (22). In this study,

Frontiersin Medicine

NEWS2 score >2 was associated with higher odds of being
in a severe/critical state. Consistent with our findings, patients
considered severe and critical ill had lower saturation, higher
respiratory rate, and higher temperature. In another cohort study
conducted in Norway, NEWS2 score showed and area-under-
the-curve of 0.822 for severe COVID-19 among 66 patients
admitted a general hospital. Also, in this study lower saturation
and higher respiratory rate was associated with the severity of
COVID-19 (23). Thus, our study, in a bigger patient cohort,
confirm and extend the importance of vital scores at admission to
predict severe disease, need for therapeutic support and risk for
adverse outcome.
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FIGURE 2

Distribution of vital signs at admission. Respiratory rate (breaths/min), systolic blood pressure (mmHg), heart rate (beats/min), temperature (°C) and
oxygen saturation (%). A total of 214 (7.6%) patients had supplementary oxygen at the first measurement of saturation. The shaded area (light green)
represents normal ranges according to National Early Warning Score 2 (NEWS2).
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FIGURE 3
Number of admissions per week between 2 March 2020-1 June 2021. The dotted lines represent the starting dates of wave 2 (1 October 2020) and
wave 3 (1 February 2021).

More studies has been conducted on the association between  beginning of the pandemic and have not taking the evolving
vital signs and/or NEWS2 scores and in-hospital mortality (11, landscape with regard to introduction of vaccines and new
14-16, 24). The majority of these studies were conducted at the  treatments into account. Our findings are consistent with another
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TABLE 2 Hazard ratios for the association between each unit change in vital signs at admission and ICU or IMCU admission.

95% confidence interval Multivariable-adjusted Multivariable-adjusted

model 20

model 12

Vital signs (N = 2,826)

Respiratory rate (breaths/min) 487 1.06 (1.05-1.07) 1.06 (1.04-1.07) 1.03 (1.02-1.05)
Saturation (%) 487 1.06 (1.05-1.07) 1.06 (1.05-1.07) 1.05 (1.04-1.06)
Systolic blood pressure (mmHg) 487 1.00 (0.99-1.00) 1.00 (0.99-1.00) 1.00 (0.99-1.00)
Heart rate (bpm) 487 1.01 (1.01-1.02) 1.01 (1.01-1.02) 1.00 (1.00-1.01)
Temperature (°C) 487 1.29 (1.19-1.40) 1.29 (1.18-1.39) 1.21(1.11-1.32)

Vital signs, wave 1 (N = 1,327)

Respiratory rate (breaths/min) 233 1.06 (1.04-1.08) 1.05 (1.03-1.07) 1.02 (1.00-1.05)
Saturation (%) 233 1.06 (1.04-1.07) 1.06 (1.05-1.08) 1.06 (1.04-1.07)
Systolic blood pressure (mmHg) 233 1.00 (0.99-1.00) 1.00 (0.99-1.01) 1.00 (0.99-1.00)
Heart rate (bpm) 233 1.01 (1.00-1.02) 1.01 (1.00-1.02) 1.00 (0.99-1.01)
Temperature (°C) 233 1.35(1.21-1.52) 1.34 (1.19-1.50) 1.29 (1.14-1.46)

Vital signs, wave 2 (N = 931)

Respiratory rate (breaths/min) 150 1.06 (1.04-1.08) 1.05 (1.03-1.08) 1.03 (1.01-1.06)
Saturation (%) 150 1.05 (1.03-1.07) 1.05 (1.03-1.07) 1.04 (1.01-1.06)
Systolic blood pressure (mmHg) 150 1.00 (0.99-1.00) 1.00 (0.99-1.00) 1.00 (0.99-1.00)
Heart rate (bpm) 150 1.01 (1.00-1.02) 1.01 (1.00-1.02) 1.01 (1.00-1.02)
Temperature (°C) 150 1.25 (1.08-1.45) 1.26 (1.09-1.47) 1.17 (1.00-1.37)

Vital signs, wave 3 (N = 565)

Respiratory rate (breaths/min) 106 1.06 (1.03-1.09) 1.07 (1.04-1.10) 1.05 (1.02-1.08)
Saturation (%) 106 1.08 (1.05-1.10) 1.08 (1.05-1.11) 1.06 (1.03-1.09)
Systolic blood pressure (mmHg) 106 1.00 (0.99-1.01) 1.00 (0.99-1.01) 1.00 (0.99-1.01)
Heart rate (bpm) 106 1.01 (1.00-1.02) 1.01 (1.00-1.02) 1.00 (0.99-1.02)
Temperature (°C) 106 1.18 (0.98-1.42) 1.21 (1.00-1.46) 1.14 (0.94-1.38)

*Multivariate adjusted Model 1 adjusted for age, sex (stratified), medications (antihypertensives, anticoagulants, lipid-lowering drugs, and platelet inhibitors), and oxygen support (L/min) at
the first vital sign measurement.

b Multivariable-adjusted Model 2 adjusted for age, sex (stratified), medications (antihypertensives, anticoagulants, lipid-lowering drugs, and platelet inhibitors), and oxygen support (L/min) at
the first vital sign measurement and all vital signs simultaneously.

Note that in Table 1, we included all patients admitted to the ICU or IMCU during the entire observation period. However, in the model, given that ICU admission occurs after the IMCU, it
will appear as one event. Hence, the number of events is smaller in Table 2 than in Table 1.

Swedish cohort study conducted early in the pandemic among
1,785 geriatric patients reporting that lower saturation (<90%),
but not temperature, systolic and diastolic blood pressure or pulse,
was associated with in-hospital death (16). Our findings are also
in line with three previous studies conducted in the US reporting
that higher heart rate, higher respiratory rate, and lower oxygen
saturation were related to COVID-19 or in-hospital mortality
(14, 15, 24). In addition, one previous study of 1393 COVID-19
patients admitted to six Apollo hospitals in India observed that
respiratory rate (>24/min) and oxygen level below 90% (collected
at or within 24h following admission) were associated with higher
in-hospital mortality (11). This is in line with an early (June 2020)
retrospective cohort study of 140 patients in Wuhan exhibiting the
association of hypoxemia (oxygen level below 90%) and in-hospital
mortality (25). Thus, the present data that the association between
increased respiratory rate and lower saturation at admittance
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(<6h) for COVID-19 confirm and extend the results from these
earlier studies. Furthermore, we present novel data regarding the
association between respiratory rate and saturation at admission
for COVID-19, that remain across the pandemic waves and hence
different SARS-CoV-2 variants.

Higher temperature was associated with both IMCU/ICU
admission and in-hospital mortality; however, the association with
in-hospital mortality was not significant when other vital signs were
further adjusted for. It is known that temperature is correlated
with both the respiratory rate and heart rate (26). Our observations
are in line with those of a cohort study including 7,614 COVID-
19 patients from New York hospitals (27). Here higher body
temperature at the initial presentation did not show a significant
association to mortality. Notably in this study patients presenting
with body temperature < 36 °Celsius had the highest mortality.
In this in-hospital study and another study of 102 mechanically
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TABLE 3 Hazard ratios (95% confidence intervals) for the associations between every unit change in vital signs at admission and in-hospital mortality.

95% confidence interval Multivariable-adjusted Multivariable-adjusted

model 2b

model 12

Vital signs (events: 296)

Respiratory rate (breaths/min) 2,826 1.07 (1.05-1.09) 1.07 (1.05-1.09) 1.04 (1.02-1.07)
Saturation (%) 2,826 1.07 (1.05-1.09) 1.06 (1.04-1.08) 1.04 (1.02-1.06)
Systolic blood pressure (mmHg) 2,826 1.00 (0.99-1.00) 0.99 (0.98-1.00) 0.99 (0.98-1.00)
Heart rate (bpm) 2,826 1.00 (0.99-1.01) 1.01 (1.00-1.01) 1.00 (0.99-1.01)
Temperature (°C) 2,826 1.06 (0.92-1.22) 1.19 (1.03-1.38) 1.12 (0.96-1.30)
Vital signs, wave 1 (events: 174)

Respiratory rate (breaths/min) 1,327 1.07 (1.05-1.10) 1.07 (1.05-1.10) 1.05 (1.02-1.09)
Saturation (%) 1,327 1.08 (1.05-1.10) 1.05 (1.03-1.08) 1.04 (1.01-1.07)
Systolic blood pressure (mmHg) 1327 1.00 (0.99-1.00) 0.99 (0.98-1.00) 0.99 (0.99-1.00)
Heart rate (bpm) 1,327 1.00 (0.99-1.01) 1.00 (0.99-1.01) 0.99 (0.98-1.00)
Temperature (°C) 1,327 1.06 (0.89-1.26) 1.21 (1.01-1.44) 1.13 (0.93-1.38)
Vital signs, wave 2 (events: 83)

Respiratory rate (breaths/min) 931 1.05 (1.00-1.10) 1.04 (0.99-1.09) 1.01 (0.95-1.06)
Saturation (%) 931 1.05 (1.02-1.09) 1.06 (1.02-1.10) 1.06 (1.02-1.10)
Systolic blood pressure (mmHg) 931 1.00 (0.99-1.02) 1.00 (0.98-1.01) 1.00 (0.98-1.01)
Heart rate (bpm) 931 1.00 (0.98-1.02) 1.00 (0.99-1.02) 1.00 (0.99-1.02)
Temperature (°C) 931 1.10 (0.83-1.46) 1.22 (0.89-1.65) 1.14 (0.83-1.57)
Vital signs, wave 3 (events: 39)

Respiratory rate (breaths/min) 568 1.06 (0.97-1.15) 1.08 (0.99-1.17) 1.00 (0.92-1.08)
Saturation (%) 568 1.13 (1.07-1.20) 1.15 (1.07-1.23) 1.15 (1.08-1.22)
Systolic blood pressure (mmHg) 568 0.99 (0.97-1.01) 0.99 (0.97-1.02) 0.99 (0.97-1.01)
Heart rate (bpm) 568 0.99 (0.96-1.02) 1.01 (0.98-1.04) 1.01 (0.98-1.03)
Temperature (°C) 568 0.66 (0.40-1.10) 1.26 (0.71-2.24) 1.36 (0.91-2.04)

*Multivariate adjusted Model 1 adjusted for age, sex (stratified), medications (antihypertensives, anticoagulants, lipid-lowering drugs, and platelet inhibitors), and oxygen support (L/min) at
the first vital sign measurement.

bMultivariable-adjusted Model 2 adjusted for age, sex (stratified), medications (antihypertensives, anticoagulants, lipid-lowering drugs, and platelet inhibitors), and oxygen support (L/min) at
the first vital sign measurement and all vital signs simultaneously.

ventilated patients in the US, increasing peak temperature (>103
Fahrenbheit, circa 39.44 Celsius), during hospital stay, was associated
with mortality (28).

We did not observe any association between SBP and
in-hospital mortality. This is in contrast to a study of 157
patients in Wuhan, China, that reported that a higher SBP
at admission was a predictor of mortality (29). In addition,
a Spanish study of more than 12,000 patients observed that
hypertension among patients treated with angiotensin-converting
enzyme inhibitors or renin-angiotensin-aldosterone blockers or
angiotensin II receptor blockers was significantly associated with
lower all-cause mortality (30).

The present results align with and extend initial studies of
COVID-19 patients. Thus, respiratory variables including oxygen
saturation and respiratory rate are associated with severity of
COVID-19 and mortality (31). They may therefore be used to
evaluate and potentially refine current early warning scores, such as
the NEWS/NEWS2 and the Sequential Organ Failure Assessment
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(SOFA) score. This can improve risk stratification during triaging
and care of COVID-19 and likely other patients with potential
life-threatening viral sepsis. Clinically, this highlights the utility
of close monitoring and rapid response to changes in respiratory
rate and oxygen saturation at the time of admission. It is well-
documented that ARDS was a major complication among COVID-
19 patients. However, the clinical symptoms of COVID-19-related
respiratory distress were perceived to differ from those caused by
other well-known pathogens and non-COVID-19 ARDS (32). Early
observations in the pandemic indicated that patients were admitted
to emergency departments with minimal or no respiratory distress
but found to have severe hypoxia upon further examination (33,
34). This phenomenon indicates that severe oxygen deprivation
can occur without typical signs of respiratory distress, revealing a
critical aspect of the clinical presentation of viral sepsis, including
COVID-19. This is referred to as silent hypoxia, or hidden
hypoxemia, where patients present. Notably, silent hypoxia may
not only be an identifiable physiological phenotype of COVID-19
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ARDS, but is also observed among patients with other causes of
respiratory failure (35). Furthermore, dyspnoea is not related to
hypoxemia, but is more closely related to inspiratory drive and
mechanical alterations (34).

The mechanisms behind silent hypoxemia in COVID-19 and
other patients with respiratory falure involve complex physiological
responses. These include a combination of impaired peripheral and
central oxygen sensing (34). Moreover, hypoxia without respiratory
distress typical of ARDS, in some COVID-19 patients might be due
to preserved lung compliance (36). Importantly, the lack of dyspnea
in the early stages of the disease is likely related to the absence
of increased inspiratory drive due to compensatory mechanisms
of hypoxemia. Thus, adequately measuring the respiratory rate,
increased during hypoxia, is an essential and early indicator of
disease and potential adverse outcome. Notably, respiratory rate
increase in response to inflammation, viral sepsis and pneumonia
before saturation decrease. Therefore, the increased respiratory
rate observed in these patients may serve as an early indicator of
deteriorating respiratory function. This sensitivity of respiratory
frequency, in detecting subtle decreases in oxygen levels, highlights
the importance of vigilant monitoring of vital signs, as traditional
symptoms may not always reflect the severity of hypoxia (33).
Recognizing these mechanisms is crucial for improving early
warning systems and implementing timely interventions for at-
risk patients.

Although several factors changed during the pandemic
course, including policies (37), therapeutic strategies (38), virus
variants and vaccines (39), we still observed similar associations
for ICU/IMCU admission and in-hospital mortality across the
pandemic waves. However, the background characteristics slightly
changed according to age and comorbidities. In addition, the
associations between saturation, heart rate and ICU/IMCU
admission varied according to age and where somewhat stronger
associations were observed among patients <65 years. This may
be due to that other comorbidities and medication use may
impact the association between vital signs and risk of ICU/IMCU
admission since these factors are more common among patients
with older age. Moreover, we also observed a statistically significant
interaction effect between saturation and oxygen support for in-
hospital mortality. Where a stronger association for every unit
decrease in saturation and increased in-hospital mortality was
observed among patients already receiving oxygen support. This
may be explained by that patients on oxygen support and still
desaturating may reflect a more severe COVID-19.

Future research should focus on understanding the dynamic
changes in vital signs throughout hospital stays, which could
further enhance predictive models and aid clinicians in identifying
patients at risk of deterioration earlier in their clinical course.
Such efforts could lead to more tailored and timely interventions,
ultimately improving patient outcomes in the evolving landscape
of COVID-19 management.

The strengths of this study include its large sample size,
extended time with several pandemic waves, and detailed data
retrieved from medical records. Our study also has several
limitations. We cannot exclude the possibility that uncontrolled
and residual confounding factors may have had an impact
on our results. We had limited information on comorbidities
before admission. Thus, medications were used as proxies for
comorbidities. We also had missing information on BMI at
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admission for many participants and did not include this
variable in our analysis. In addition, we cannot exclude that
vaccine status could impact the associations between vital signs,
ICU/IMCU admission and in-hospital mortality. However, this
information was not available and instead subgroup analyses of
the pandemic waves were performed to reflect the introduction
of vaccines and new treatment strategies. Other covariates that
may be important include ethnicity and demographics. The study
population included patients from two Karolinska University
Hospital sites, which may limit the generalizability of our results.
However, as similar association have been observed in other
settings including US (14, 15, 24), India (11), and China (25)
we believe external validity is a minor issue. In addition, the
measurement of physiological vital signs is a simple low-cost
procedure and may be easily adapted to low-resource settings. The
results from this study may not represent later pandemic viral
variants (40) or new therapies (38).

In conclusion, this study suggests that respiratory-related vital
signs at admission, especially respiratory rate and saturation are
associated with an increased risk of both ICU/IMCU admission and
in-hospital mortality. These results may support more emphasis
on respiratory rate and saturation in early warning scores, such as
the NEWS/NEWS2 and SOFA score. Future studies of longitudinal
changes in vital signs could aid in identifying COVID-19 patients
at risk of clinical deterioration.
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