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ABSTRACT

Objective To assess the association of cardiometabolic
risk factors with hospitalisation or death due to COVID-19
in the general population.

Design, setting and participants Swedish population-
based cohort including 29955 participants.

Exposures Cardiometabolic risk factors assessed
between 2014 and 2018.

Main outcome measures Hospitalisation or death due to
COVID-19, as registered in nationwide registers from 31
January 2020 through 12 September 2020. Associations
of cardiometabolic risk factors with the outcome were
assessed using logistic regression adjusted for age, sex,
birthplace and education.

Results Mean (SD) age was 61.2 (4.5) and 51.5% were
women. 69 participants experienced hospitalisation

or death due to COVID-19. Examples of statistically
significant associations between baseline factors and
subsequent hospitalisation or death due to COVID-19
included overweight (adjusted OR (aOR) vs normal
weight 2.73 (95% CI 1.25 to 5.94)), obesity (aOR vs
normal weight 4.09 (95% Cl 1.82 to 9.18)), pre-diabetes
(aOR vs normoglycaemia 2.56 (95% Cl 1.44 to 4.55)),
diabetes (aOR vs normoglycaemia 3.96 (95% Cl 2.13

to 7.36)), sedentary time (aOR per hour/day increase
1.10 (95% Cl 1.02 to 1.17)), grade 2 hypertension (aOR
vs normotension 2.44 (95% Cl 1.10 to 5.44)) and high
density lipoprotein cholesterol (aOR per mmol/L increase
0.33 (95% C1 0.17 to 0.65)). Statistically significant
associations were not observed for grade 1 hypertension
(aOR vs normotension 1.03 (95% Cl 0.55 to 1.96)),
current smoking (aOR 0.56 (95% Cl 0.24 to 1.30)), total
cholesterol (aOR per mmol/L increase 0.90 (95% Cl

0.71 to 1.13)), low density lipoprotein cholesterol (aOR
per mmol/L increase 0.90 (95% Cl 0.69 to 1.15)) and
coronary artery calcium score (aOR per 10 units increase
1.00 (95% C1 0.99 to 1.01)).

Conclusions In a large population-based sample from the
general population, several cardiometabolic risk factors
were associated with hospitalisation or death due to
COVID-19.
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Strengths and limitations of this study

» This study used data on cardiometabolic risk factors
measured between 2014 and 2018 in a population-
based cohort of almost 30000 participants and
assessed their association with hospitalisation or
death due to COVID-19 during the first wave of the
pandemic.

» Few previous studies have used population-based
samples from the general population to assess the
relationship between cardiometabolic risk factors
and outcomes in COVID-19.

» Aswe could not capture all cases of COVID-19 which
did not lead to hospitalisation or death, we could not
assess to what extent the observed associations
may reflect the relationship with exposure to SARS-
CoV-2 as compared with the risk of hospitalisation
or death due to COVID-19 among those who have
been exposed to the virus.

Identification of individuals at risk of worse
outcomes in COVID-19 may inform risk
management decisions to mitigate exposure
and to prioritise vaccination. Several studies
have shown that cardiometabolic risk factors
are associated with a higher risk of adverse
outcomes in COVID-19. While many of these
studies have been performed in selected
populations such as patients hospitalised with
COVID-19' * or patients with certain diag-
noses,3 * fewer studies have been based on
data from the general population.”™®

The Swedish CArdioPulmonary biolmage
Study (SCAPIS)? is a population-based cohort
of approximately 30000 men and women
who were extensively characterised with
respect to cardiometabolic risk factors and
function at the age of 50-64 years during
the years preceding the COVID-19 outbreak
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(2014 through 2018). We used data from SCAPIS to assess
the association of cardiometabolic risk factors with risk of
hospitalisation or death due to COVID-19 during the first
wave of the pandemic.

METHODS

Data sources

The SCAPIS cohort, described in detail elsewhere,9 is a
population-based cohort conducted at six Swedish univer-
sity hospitals in Gothenburg, Linképing, Malmé,/Lund,
Stockholm, Umea and Uppsala, with each site recruiting
participants from corresponding municipality areas.
From 2014 through 2018, over 30000 participants aged
50-64 years underwent examinations of cardiopulmonary
risk factors and provided information regarding lifestyle
factors and socioeconomic conditions. Using the personal
identity number, we linked SCAPIS data to nationwide
administrative and health registers. From the National
Patient Register, which comprises physician-assigned
diagnoses based on the International Classification of
Diseases, 10th Revision, Swedish Edition (ICD-10-SE)
for all hospital admissions in Sweden, we obtained infor-
mation about hospitalisation for COVID-19. From the
Cause of Death register, we obtained data about vital
status, and date and cause of death. From SmiNet,10 a
reporting system for infectious diseases administered by
the Public Health Agency, we obtained information about
laboratory-confirmed cases of COVID-19, including those
not leading to hospitalisation or death.

Outcomes, exposures, and study period

The main outcome was a composite of hospitalisation due
to COVID-19 and death due to COVID-19. Hospitalisa-
tion for COVID-19 was defined as hospital admission with
laboratory-confirmed COVID-19 as the primary diagnosis
(ICD-10-SE code U07.1 (COVID-19, virus identified))."
Death due to COVID-19 was defined as death where U07.1
was specified as the underlying cause of death. Follow-up
was from 31 January 2020 (the first laboratory-confirmed
case of COVID-19 in Sweden) through 12 September
2020.

We included variables in the SCAPIS data set (described
in detail in online supplemental table 1) that we hypothe-
sised could be associated with hospitalisation or death due
to COVID-19: these included sociodemographic variables
(age, sex, place of birth and education) and cardiomet-
abolic risk factors: diabetes status (normoglycaemia,
pre-diabetes, diabetes); weight status (normal (body
mass index (BMI)<25 kg/mQ), overweight (BMI >25 kg/
m?t0<30 kg/mQ), obesity (BMI 230 kg/mQ)); current
smoking, waist-hip ratio, blood pressure status (normo-
tension, grade 1 hypertension, grade 2 hypertension);
systolic and diastolic blood pressure; coronary artery
calcium score; total cholesterol; low density lipopro-
tein (LDL) cholesterol; high density lipoprotein (HDL)
cholesterol; glycated haemoglobin and creatinine. Few
(£2%) participants had established cardiovascular

disease, including coronary heart disease, stroke and
heart failure; therefore, we did not assess these variables.

Study population

We included all 30154 participants in SCAPIS. We
excluded 2 participants who had missing data on vital
status and 197 participants who died before 31 January
2020. The study population included 29955 participants.

Statistical analysis

Analyses were performed in Stata V.16.0. We described
study participants with respect to the selected variables,
separately among those who did not experience hospi-
talisation or death due to COVID-19 and among those
who did and assessed differences between the groups
using the y” test for categorical variables and the t-test for
continuous variables. For each investigated variable sepa-
rately, we used logistic regression to assess its association
with hospitalisation or death due to COVID-19, adjusting
for sociodemographic variables including age (contin-
uous variable), sex, place of birth (outside of Sweden vs
Sweden) and education (high school or less, vocational,
university).'” Analyses were performed among those with
complete data for all variables included in the model.
The proportion of missing data for the analysed variables
are shown in online supplemental table 1 and ranged
between 0% and 5% (0%—8% in the main analyses using
those with complete data on the variables assessed and
adjusted for); the exception was time spent sedentary per
day for which 34.9% of the participants had missing data.
In post-hoc sensitivity analyses, we performed the main
analyses with more than 5% missing data (those assessing
waist-hip ratio, time spent sedentary per day and coro-
nary artery calcium score) using multiple imputation (10
imputed data sets) created with chained equations.

The relationship between the investigated variables
and hospitalisation or death due to COVID-19 may not
only represent the risk of worse COVID-19 outcomes in
individuals exposed to SARS-CoV-2 but also the risk of
exposure to SARS-CoV-2. We therefore performed an
additional analysis restricted to the subgroup of partic-
ipants (n=299) with a laboratory-confirmed COVID-19
diagnosis as recorded in SmiNet, the National Patient
Register or the Cause of Death Register (ie, participants
with a laboratory-confirmed of COVID-19, including both
those who did and did not experience hospitalisation
or death due to COVID-19). In this subgroup, we used
logistic regression to assess the association of each of the
cardiometabolic risk factors (separately) with hospitalisa-
tion or death due to COVID-19. ORs whose 95% CI did
not overlap 1 were considered as statistically significant.

Patient involvement

No patients were involved in setting the research ques-
tion, nor in the design, conduct or interpretation of the
study. The study findings are planned to be disseminated
through the SCAPIS website.
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Table 1 Characteristics of SCAPIS participants by experience of hospitalisation or death due to COVID-19 between 31

January and 12 September 2020

Hospitalisation or death due to COVID-19

No (n=29886) Yes (n=69) P value

Age, mean (SD) 61.2 (4.5) 61.9 (4.8) 0.226
Men 14483 (48.5) 52 (75.4) <0.001
Born outside of Sweden 4725 (16.3) 22 (32.4) <0.001
Education

High school or less 2700 (9.3) 12 (17.9)

Vocational 13218 (45.5) 31 (46.3)

University 13125 (45.2) 24 (35.8) 0.036
Weight status

Normal weight 10738 (35.9) 8 (11.6)

Overweight 12814 (42.9) 36 (52.2)

Obesity 6332 (21.2) 25 (36.2) <0.001

Body mass index in kg/m?, mean (SD) 27.0 (4.5) 30.0 (5.3) <0.001
Diabetes status

Normoglycaemia 22774 (76.6) 2 (46.4)

Pre-diabetes 4727 (15.9) 0 (29.0)

Diabetes 2240 (7.5) 7 (24.6) <0.001

Waist-hip ratio, mean (SD) 0.92 (0.09) 0.98 (0.09) <0.001

Current smoking 3785 (13.1) 6 (9) 0.317

Sedentary time per day in hours, mean (SD) 6.9 (3.5) 3 (4.5) 0.009
Blood pressure measurement

Normotensive 23285 (78.3) 50 (72.5)

Grade 1 hypertension 5129 (17.3) 12 (17.4)

Grade 2 hypertension 1319 (4.4) 7 (10.1) 0.069

Systolic blood pressure, mean (SD) 125.9 (17.0) 133.5 (19.5) <0.001

Diastolic blood pressure, mean (SD) 77.5(10.5) 81.0 (12.4) 0.006

Triglycerides in mmol/L, mean (SD) 2(0.8) 6(1.1) <0.001

HDL in mmol/L, mean (SD) 6 (0.5) (0 4) <0.001

Total cholesterol in mmol/L, mean (SD) 5(1.1) 3(1.0) 0.068

LDL cholesterol in mmol/L, mean (SD) 4 (1.0) 3(0.9) 0.360

Glycated haemoglobin in mmol/mol, mean (SD) 36.6 (6.4) 39.7 (9.3) <0.001

Creatinine in pmol/L, mean (SD) 77.7 (16.4) 86.2 (37.9) <0.001

Coronary artery calcium score, mean (SD) 61.6 (229.5) 90.2 (199.6) 0.053*

Numbers are shown in N (%) unless otherwise indicated.

*Because 17016 of the participants had a score of 0, the p value calculated using the > with five categories: 0 and quartiles of score among

participants with a score of >0.

HDL, high density lipoprotein; LDL, low density lipoprotein; SCAPIS, Swedish CArdioPulmonary biolmage Study.

RESULTS

Characteristics of the 29955 study participants are shown
in table 1. Fourteen thousand five hundred thirty-five
(48.5%) were men. Mean (SD) age was 61.2 (4.5) years.
Sixty-nine (0.2%) of the participants were hospitalised or
died due to COVID-19. Those who experienced (n=69)
versus did not experience (n=29886) hospitalisation or
death due to COVID-19 were slightly older (61.9 years vs
61.2 years) and more likely to be men (75.4% vs 48.5%),

born outside of Sweden (32.4% vs 16.3%) and to have
education of high school or less (17.9% vs 9.3%).

The results of the logistic regression assessing the asso-
ciation between each of the selected cardiometabolic risk
factors and hospitalisation or death due to COVID-19
(adjusted for age, sex, place of birth and education) are
shown in table 2. Significant associations were observed
for overweight and obesity, higher body mass index,
pre-diabetes, diabetes, higher waist-hip ratio, more time
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Table 2 OR (95% CI)*, adjusted for age, sex, place of birth and education, for the association of selected variables with
hospitalisation or death due to COVID-19 in the main and additional analyses

Main analysis (n=29 955)

Additional analysis restricted to
those with laboratory-confirmed
COVID-19 diagnosis (n=299)

Age per year
Men
Born outside of Sweden
Educationt
High school or less
Vocational
University
Weight status
Normal weight
Overweight
Obesity
Body mass index per 5kg/m? increase
Diabetes status
Normoglycaemia
Pre-diabetes
Diabetes
Waist-hip ratio per SD increase
Sedentary time per day per hour increase
Blood pressure measurement
Normotensive
Grade 1 hypertension
Grade 2 hypertension

Systolic blood pressure per 10mm Hg
increase

Diastolic blood pressure per 10mm Hg
increase

Current smoking

Triglycerides per mmol/L increase
HDL per mmol/L increase

Total cholesterol per mmol/L increase
LDL cholesterol per mmol/L increase

Glycated haemoglobin per mmol/mol increase

Creatinine per 10 pmol/L increase

Coronary artery calcium score per 10 units

increase

1.03 (0.97 to 1.08)
3.39 (1.93 to 5.95)
2.40 (1.43 to 4.03)

1.00 (ref)
0.58 (0.30 to 1.14)
0.49 (0.24 to 0.99)

1.00 (ref)

2.73 (1.25 to 5.94)
4.09 (1.82 t0 9.18)
1.77 (1.43 t0 2.19)

1.00 (ref)

2.56 (1.44 to 4.55
3.96 (2.13t0 7.36
1.55 (1.20 to 2.00
1.10 (1.02 to 1.17

—_—_= = =

1.00 (ref)

1.03 (0.55 to 1.96)
2.44 (1.10 to 5.44)
1.22 (1.07 to 1.40)

1.31 (1.05 to 1.64)

0.56 (0.24 to 1.30)
1.10 (1.00 to 1.21)
0.33 (0.17 to 0.65)
0.90 (0.71 to 1.13)
0.90 (0.69 to 1.15)
1.03 (1.01 to 1.05)
1.05 (1.00 to 1.10)
1.00 (0.99 to 1.01)

1.11 (1.04 to 1.20)
6.62 (3.45 to 12.71)
1.59 (0.80 to 3.18)

1.00 (ref)
0.41 (0.16 to 1.09)
0.26 (0.10 to 0.70)

1.00 (ref)

3.41 (1.41 to 8.27)
4.86 (1.86 to 12.71)
2.05 (1.44 t0 2.92)

1.00 (ref)

3.72 (1.68 to 8.28)
5.12 (1.95 to 13.42)
1.92 (1.20 to 3.06)
1.13 (1.02 to 1.26)

1.00 (ref)

0.95 (0.41 to 2.17)
4.18 (1.07 to 16.32)
1.21 (1.01 to 1.44)

1.30 (0.97 to 1.73)

0.87 (0.28 to 2.71)
1.34 (0.98 to 1.85)
0.26 (0.10 to 0.66)
0.80 (0.59 to 1.10)
0.83 (0.59 to 1.17)
1.04 (1.00 to 1.09)

1.04 (0.88 to 1.23)
1.00 (0.98 to 1.02)

*Reference group for binary variables (yes/no) is ‘no’.

TAdjusted for sex and place of birth.

HDL, high density lipoprotein; LDL, low density lipoprotein.

spent sedentary per day, grade 2 hypertension, as well as
higher systolic blood pressure, diastolic blood pressure,
triglycerides and glycated haemoglobin and lower HDL
cholesterol. Significant associations were not observed for
grade 1 hypertension, current smoking, total cholesterol,
LDL cholesterol, creatinine and coronary artery calcium

score. In the post-hoc sensitivity analyses using multiple
imputation for logistic regression models with over 5%
missing data, the results were similar to those in the main
analyses: waist-hip ratio (OR per SD increase 1.54 (95%
CI 1.20 to 1.98), time spent sedentary per day (OR per
hour increase 1.09 (95% CI 1.01 to 1.18) and coronary
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artery calcium score (OR per 10 units increase 1.00 (95%
CI0.99 to 1.01))

Population characteristics for the additional analysis
including the 299 participants with laboratory confirmed
COVID-19 are shown in online supplemental table 2.
Compared with the total study population, those with a
laboratory-confirmed diagnosis of COVID-19 were less
likely to be men and to be current smokers and more
likely to be born outside of Sweden. The results of the
logistic regression analyses are shown in table 2. The find-
ings were largely similar to those of the main analysis.

DISCUSSION

We assessed the association of cardiometabolic risk factors
with risk of hospitalisation or death due to COVID-19
during the first wave of the pandemic in a Swedish
population-based cohort with nearly 30000 participants
aged 52-72 years in 2020.

In analyses adjusted for age, sex, place of birth and
education, we found that several cardiometabolic risk
factors were associated with an increased risk of hospi-
talisation or death due to COVID-19. Significant associ-
ations were found for metabolic risk factors, including
overweight, obesity, pre-diabetes, diabetes and higher
waist-hip ratio and glycated haemoglobin; findings that
are in line with previous studies on these or related risk
factors.”® ' While significant associations were observed
for grade 2 hypertension and for systolic and diastolic
blood pressure when analysed as continuous variables,
grade 1 hypertension was not associated with an increased
risk. Moreover, while lower HDL cholesterol and higher
triglycerides were associated with hospitalisation or death
due to COVID-19, such associations were not observed
for LDL cholesterol or total cholesterol. Associations
with hospitalisation or death due to COVID-19 were also
not observed for current smoking and a higher coronary
artery calcium score. Previous studies on the association
of smoking, hypertension, lipid levels and coronary artery
calcium score with COVID-19 outcomes have yielded
mixed findings.® '*®

Strengths of our study include the use of a large sample
from the general population who had undergone assess-
ment of cardiometabolic risk factors in the years preceding
the pandemic. Our study has limitations. Although the
SCAPIS cohort includes detailed data on cardiometa-
bolic risk factors from a large number of participants, the
limited number of COVID-19 cases leading to hospitalisa-
tion or death resulted in wide CIs for some of the analyses.
Moreover, during the first months of the pandemic, labo-
ratory testing for COVID-19 was not widely performed
and predominantly focused on healthcare professionals
and hospitalised patients.'” As such, although the find-
ings of our analyses restricted to those with a laboratory-
confirmed COVID-19 diagnosis were similar to those of
our main analyses (although the analyses were based on
a small sample of 299 participants), we could not assess
to what extent the observed associations may reflect the

relationship with exposure to SARS-CoV-2 as compared
with the risk of hospitalisation or death due to COVID-19
among those who have been exposed to the virus.
Updated analyses may be performed as data on broader
testing for COVID-19 and more cases of hospitalisation
or death due to COVID-19 become available. Finally, the
study included individuals in a limited age range.

CONCLUSION
In this study, large population-based cohort from the
general population, several cardiometabolic risk factors
were associated with hospitalisation or death due to
COVID-19.
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Supplementary Table 1 Definitions and categorization of selected variables.

Variable Categorization n (%)
missing in
n (%) missing2 | main analysesb

Sociodemographic
information
Age Continuous in years 0(0) 936 (3.1)
Sex 1. Women

2. Men 0(0) 936 (3.1)
Place of birth 1. Not born in Sweden

2. Born in Sweden 811 (2.7) 936 (3.1)
Education 1. High school or less

2. Vocational education

3. University 845 (2.8)
Cardiometabolic risk
factors
Diabetes status 1. Normoglycemia

2. Prediabetes (fasting glucose [6.1-6.9

mmol/L or glycated hemoglobin 242

mmol/mol and <48 mmol/mol])

3. Diabetes diagnosis by physician (self-

reported in questionnaire) or glycated

hemoglobin =48 mmol/mol. 145 (0.5) 1064 (3.6)
Glycated hemoglobin Continuous in mmol/mol 152 (0.5) 1070 (3.6)
Body mass index Continuous in kg/m? 2 (<0.5) 936 (3.1)
Weight status 1. Normal weight

2. Overweight

3. Obesity 2(0) 936 (3.1)
Waist-hip ratio Continuous 1567 (5.2) 2441 (8.1)
Systolic blood pressure Continuous in mmHg 151 (0.5) 1022 (3.4)
Diastolic blood pressure Continuous in mmHg 153 (0.5) 1024 (3.4)
Blood pressure level Level as measured at inclusion in SCAPIS.

1. Normotensive (systolic blood pressure

<140 mmHg and diastolic blood pressure

<90 mmHg)

2. Grade 1 hypertension (Systolic blood

pressure 2140 mmHg and <160 mmHg or

diastolic blood pressure 290 mmHg and

<100 mmHg)

3. Grade 2 hypertension (systolic blood

pressure 2160 mmHg or diastolic blood

pressure 2100 mmHg). 153 (0.5) 1024 (3.4)
Current smoking Self-reported in questionnaire.

1.No

2.Yes 954 (3.2) 1288 (4.3)
Time spent sedentary per Self-reported in questionnaire.
day Continuous (hours per day) 10441 (34.9) 10475 (35)
Coronary artery calcium Continuous
score by computer
tomography 1197 (4.0) 1992 (6.6)
Total cholesterol Continuous in mmol/L 82 (0.3) 1004 (3.4)
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Low-density lipoprotein

Continuous in mmol/L

(LDL) cholesterol 218 (0.7) 1134 (3.8)
HDL cholesterol Continuous in mmol/L 85 (0.3) 1005 (3.4)
Creatinine Continuous in mikromol/L 61(0.2) 984 (3.3)

a. n (%) missing values out of the total study population (n=29,955)
b. n (%) missing in the main analyses adjusted for age, sex, place of birth and education.
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Supplementary Table 2 Characteristics of SCAPIS participants by their status of laboratory-
confirmed diagnosis of Covid-19 between January 31 and September 12, 2020. Numbers are

shown in n (%) unless otherwise indicated.

Laboratory-
confirmed
Total study diagnosis of
population Covid-19
n
29955 299
Age, mean (SD) 61.2 (4.5) 60.3 (4.2)
Men 14535 (48.5) 127 (42.5)
Born outside of Sweden 4747 (16.3) 71 (24.1)
Education
High School or less 2712 (9.3) 26 (8.9)
Vocational 13249 (45.5) 129 (44.0)
University 13149 (45.2) 138 (47.1)
Weight status
Normal weight 10746 (35.9) 103 (34.4)
Overweight 12850 (42.9) 127 (42.5)
Obesity 6357 (21.2) 69 (23.1)
Body mass index in kg/m? mean (SD) 27.0 (4.5) 27.3 (4.7)
Diabetes status
Normoglycemia 22806 (76.5) 224 (74.9)
Prediabetes 4747 (15.9) 46 (15.4)
Diabetes 2257 (7.6) 29 (9.7)
Waist-hip ratio, mean (SD) 0.9 (0.1) 0.9 (0.1)
Current smoking 3791 (13.1) 23 (8.0)
Sedentary time per day in hours, mean (SD) 6.9 (3.6) 6.6 (3.8)
Blood pressure level
Normotensive 23335 (78.3) 235 (79.1)
Grade 1 hypertension 5141 (17.3) 48 (16.2)
Grade 2 hypertension 1326 (4.4) 14 (4.7)
Systolic blood pressure, mean (SD) 125.9 (17.0) 126.4 (17.9)
Diastolic blood pressure, mean (SD) 77.5(10.5) 77.6 (10.7)
Triglycerides in mmol/L, mean (SD) 1.2 (0.8) 1.3 (0.9)
HDL in mmol/L, mean (SD) 1.6 (0.5) 1.6 (0.5)
Total cholesterol in mmol/L, mean (SD) 5.5 (1.1) 5.6 (1)
LDL cholesterol in mmol /L, mean (SD) 3.4 (1.0) 3.5(0.9)
Glycated hemoglobin in mmol/mol, mean (SD) 36.6 (6.5) 36.8 (6.8)
Creatinine in pmol/L, mean (SD) 77.7 (16.5) 77.3 (22.6)
Coronary artery calcium score, mean (SD) 61.6 (229.5) 39.5 (144.4)
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