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 Prevalent comorbidities associated with increased risk : hypertension, diabetes, obesity, 
cardiovascular diseases, respiratory ailments, cancer, and acute kidney.

 Different comorbidities can have different effects (e.g. higher or lower likelihood of invasive 
interventions).

 Age and age-comorbidity interactions: having a comorbidity at early age is a much stronger 
discriminatory factor for poor health than having is at an older age.



 Comorbidities played a detrimental role in worsening COVID-19 outcomes.

 Some results:
 higher risk of hospitalization and ICU admission for older male patients with hypertension, 

diabetes, and chronic pulmonary disease.
 higher risk of death for those with chronic pulmonary disease, active cancer, and multiple 

comorbidities (higher Charlson Comorbidity Index) across age groups and genders.
 Cardiovascular comorbidities had a modest effect compared to other conditions.
 Age and gender: younger blood donors (under age 51) had a lower infection fatality rate 

than older ones; among older blood donors, higher infection fatality rate for men 
compared to women.

 Most studies focused on the first wave, on fatality rates, and on hospitalized individuals only.



 However, the pandemic may have had differing effect on the risk of death, directly or 
indirectly, of comorbid individuals even if not hospitalized.

 Goal: Investigate whether the mortality risk for individuals with and without comorbidities 
changed during the pandemic.



 Danish registry data (nationwide, high quality, comprehensive)

 Excess death estimation: compare 2017-2019 with 2020-2021 (both waves).

 We consider the entire population (not just hospitalized individuals), aged 45+.
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 Comorbidity: diagnosed chronic condition 
before the pandemic (2015-2019 ): 
Autoimmune diseases, Cancer, Cardiopathies, 
Chronic Kidney Disease, Chronic Obstructive 
Pulmonary Diseases, Dementia (and Alzheimer), 
Diabetes (type I and II), Digestive Diseases, High 
Blood Lipids, HIV, Hypertension, Neurologic Diseases, 
Organ Transplant, and Vasculopathies.  



 Relative risk of death of healthy and comorbid individuals, before and during the pandemic.

 Mortality follow up
Age 45

observation
2017-2019
2020-2021

Death/censored

 Covariates
 Comorbidity level (healthy, mild, severe)
 Gender
 Education (low, middle, high)

 Outcome in 2017-2019
 Censored
 Death

 Outcome in 2020-2021
 Censored
 Death (Covid-19-related, not covid related)



All deaths - comorbidity level survival in 2017-2019 



All deaths - comorbidity level survival in 2017-2019 
Covid-19 deaths and all other deaths - comorbidity level 
survival in 2020-2021 



All deaths – cumulative hazard by comorbidity in 2017-
2019 

Covid-19 deaths and all other deaths – cumulative hazard 
by comorbidity in 2020-2021 



Covid-19 deaths and all other deaths – cumulative hazard by comorbidity in 2020-2021 

 Cumulative hazards of death higher for men than for 
women (for all combinations of comorbidities and type 
of deaths)

 Until age 70 (65 for women)
 Men with no comorbidity have higher risk of covid death 

than men with comorbidity. 
 No comorbidity level difference in risk of death for women.

 After age 70
 Risk of covid-deaths accelerates more than the risk from all 

other causes.
 Risk of covid-deaths accelerates more for men than for 

women.
 For men the comorbidity level doesn’t change the risk 

covid-death. 
 For women the comorbidity level matters: 2+ comorbidities 

have significantly higher risk of death compared to the 
other comorbidity levels.



 Cox regressions for pre-pandemic period and pandemic period.

 Progressively including additional variables and interaction terms.

 Selection of the best model based on the AIC criterion. 

 Dependent variable: risk of death over age.

 Independent variables: 
 sex (male vs female)
 comorbidity level (having 1 or 2+ comorbidities vs zero comorbidities)
 education level (medium and high education level vs low education level). 
 type of death (covid-related vs non covid-related) – for the pandemic period regression  





Nothing surprising



Male, low edu
Male, medium edu
Male high edu
Female, low edu
Female, medium edu
Female, high edu



 Three models:

 all the deaths pooled together (plus type of death covariate)

 non-covid-related deaths only

 covid-related deaths only
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Pre-pandemic years (2017-2019), all deaths

Men Women

Comorbidity level Observed Expected Observed Expected

0 15405 27441.79 19557 33220.23

1 10361 11643.22 10671 10431.99

2+ 27846 14526.99 22460 9035.78

total 53612 53612.00 52688 52688.00

chi2(2) = 18763.23

                     Pr>chi2 =   0.0000

chi2(2) = 27660.49

                     Pr>chi2 =   0.0000

Pandemic years (2020-2021), covid-related deaths

Men Women

Comorbidity level Observed Expected Observed Expected

0 464 467.88 424 488.37

1 325 349.24 246 254.70

2+ 632 603.88 384 310.93

total 1421 1421.00 1054 1054.00

chi2(2) =   3.71

                       Pr>chi2 = 0.1568

chi2(2) =  32.26

                       Pr>chi2 = 0.0000

Pandemic years (2020-2021), non-covid-related deaths

Men Women

Comorbidity level Observed Expected Observed Expected

0 14108 28052.11 17855 32893.11

1 10855 11502.59 11249 10440.92

2+ 28748 14156.59 23266 9035.97

total 53711 53711.00 52370 52370.00

chi2(2) = 23383.97

                     Pr>chi2 =   0.0000

chi2(2) = 31249.07

                     Pr>chi2 =   0.0000

Table 1. Log-rank test for equality of survivor functions.
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