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Tweetable abstract  

 

 

This study delineates poorly understood risk factors that are clinically relevant for COPD 

patients and quantifies risks pre- and post-vaccination, with implications on informing 

clinical evaluation and improving treatment and prevention efforts.  
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ABSTRACT  

 

Rationale 

Evidence on risk factors for Coronavirus disease 2019 (COVID-19) outcomes among patients 

with chronic obstructive pulmonary disease (COPD) in relation to COVID-19 vaccination 

remains limited. 

 

Objectives 

To characterize determinants of COVID-19 infection, hospitalization, intensive care unit 

(ICU) admission, and death in COPD patients in their unvaccinated state compared to when 

vaccinated. 

 

Methods 

We included all COPD patients in the Swedish National Airway Register (SNAR). Events of 

COVID-19 infection (test and/or healthcare encounter), hospitalization, ICU admission and 

death were identified 1Jan 2020 - 30Nov 2021. Using adjusted Cox regression, associations 

between baseline sociodemographics, comorbidities, treatments, clinical measurements, and 

COVID-19 outcomes, during unvaccinated and vaccinated follow-up time, were analyzed.  

 

Results 

The population-based COPD cohort included 87472 patients; among whom 6771 (7.7%) 

COVID-19 infections, 2897 (3.3%) hospitalizations, 233 (0.3%) ICU admissions, and 882 

(1.0%) COVID-19 deaths occurred. During unvaccinated follow-up, risk of COVID-19 

hospitalization and death increased with age, male sex, lower education, non-married status 

and being foreign-born. Comorbidities increased risk of several outcomes, e.g. respiratory 

failure for infection and hospitalization (adjusted HR 1.78, 95%CI 1.58-2.02 and 2.51, 2.16-

2.91, respectively), obesity for ICU admission (3.52, 2.29-5.40) and cardiovascular disease 

for mortality (2.80, 2.16-3.64). Inhaled COPD therapy was associated with infection, 

hospitalization, and death. COPD severity was also associated with COVID-19, especially 

hospitalization and death. Although the risk factor panorama was similar, COVID-19 

vaccination attenuated HRs for some risk factors. 

 

Conclusion 

This study provides population-based evidence on predictive risk factors for COVID-19 

outcomes, and highlights the positive implications of COVID-19 vaccination for COPD 

patients. 

 

 

 

INTRODUCTION 

Studies early in the coronavirus disease 2019 (COVID-19) pandemic showed that patients with 

several chronic diseases are at high risk for infection, worse prognosis, and death [1–3]. 

However, many aspects of the risk for COVID-19 onset and severity remain poorly understood 

for individuals with chronic obstructive pulmonary disease (COPD), especially after 



 

widespread vaccination. COPD patients are prone to exacerbations, which are associated with 

a decline in lung function [4], impaired quality of life [5], and contribute to increased morbidity 

and mortality. Respiratory virus infections, including some coronaviruses, are frequent triggers 

of COPD exacerbations [6]. Therefore, it is plausible that preexisting COPD may contribute to 

the risk of COVID-19 outcomes. However, previous studies on COVID-19 patients with COPD 

have yielded conflicting results, including some finding increased healthcare utilization [7] and 

higher risk for severe COVID-19 [8–10], while others did not find associations with negative 

COVID-19 outcomes [11,12]. This may reflect variability in studies conducted, including study 

period, sample size, and a focus on hospitalized COVID-19 cohorts, but leaves many questions 

without satisfactory answers.  

 

Prior studies have reported clinical factors, such as the degree of symptoms and airflow 

limitation [13], or inhaler corticosteroids (linked to Angiotensin-Converting Enzyme-2 (ACE2) 

receptor downregulation) [14], may predict COVID-19 outcomes. Yet, population-based 

studies could better delineate the risk factor panorama differentiating COVID-19 risk in COPD 

patients by investigating a more extensive set of potential risk factors, including clinical 

variables, combined with multiple COVID-19 outcomes to explore risk across the COVID-19 

disease spectrum. The present study followed a population-based cohort of COPD patients 

prospectively over 23 months, covering their pre- and post-vaccination states during the 

COVID-19 pandemic, using nationally representative register data, to systematically 

investigate determinants of COVID-19 infection, hospitalization, ICU admission, and death, of 

specific relevance for the COPD patient population. 

 

 

METHODS 



 

Study design 

This study adopted a cohort design using data from the Swedish COVID-19 Investigation for 

Future Insights - Population Epidemiology Approach using Register Linkage (SCIFI-PEARL) 

project [15]. This database includes all individuals in Sweden, comprehensively identifies 

COVID-19 outcomes from different sources, including SmiNet (national database of notifiable 

diseases), the National Patient Register (NPR) with outpatient or inpatient care, or the Cause-

of-Death Register (CDR), and also links additional data from various other registries, including 

the Swedish National Airway Register (SNAR). Ethical approval was obtained from the 

Swedish Ethical Review Authority. 

 

Study population, outcomes, and follow-up 

Our study population was restricted to COPD patients (International Classification of Diseases 

version 10, Swedish Edition (ICD-10-SE) code J44) ≥40-year old in the Swedish population 

diagnosed at all levels of care and registered in SNAR during 2015-2019 [16]. We defined 4 

COVID-19 outcomes: COVID-19 infection based on COVID-19 (ICD-10-SE codes U07.1 or 

U07.2) as primary or secondary diagnosis from inpatient or specialist outpatient care in the 

NPR or underlying or contributing cause of death in the CDR, or positive test result for SARS-

CoV-2 in SmiNet), hospitalization (primary or secondary COVID-19 diagnosis with the same 

ICD-10-SE codes from NPR inpatient care), intensive care unit (ICU) admission (COVID-19 

diagnosis with the same codes from the Swedish Intensive care Register (SIR), and death 

(underlying or contributing cause of death due to COVID-19 with the same codes in the CDR). 

In our main analysis, unvaccinated follow-up included outcome events from 1 Jan 2020 (index 

date) until exiting the cohort on the earliest of: the studied outcome, death, emigration, first 

vaccination, or end of follow-up (30 Nov 2021). Vaccinated follow-up included outcome 

events in COPD patients still at risk from 14 days after their first vaccination date until exiting 



 

the cohort. Unvaccinated time corresponded mainly to the period before and during the alpha 

variant predominance, vaccinated time mainly to alpha- and delta-dominated periods (Figure 

S1). The cohort design is illustrated in Figure 1. 

 

Exposures and covariates 

The potential determinants studied included sociodemographic characteristics, smoking status, 

pre-existing comorbidities, medications, and clinical measurements (Table E1). 

Sociodemographic information was obtained from the Longitudinal Integrated Database for 

Health Insurance and Labor Market Studies (LISA)[17], including education, age-stratified 

employment status (unemployed 40-64 years, employed 40-64, employed 65+ and retired), 

marital status, and region of birth (Table E1). Smoking status was derived from SNAR (never, 

former, and current smoking).  

 

Information on pre-existing comorbidities from the NPR included: overall cardiovascular 

disease, hypertension, heart failure, diabetes, asthma, respiratory failure, interstitial lung 

disease, chronic kidney disease, immunologic disease, autoimmune diseases, cancer, 

depression, anxiety, and psychiatric conditions, and on sleep apnea syndrome diagnosis from 

SNAR (Table E1). From the National Prescribed Drug Register (NPDR), we obtained 

prescribed medications in the year before the index date for COPD medications of importance, 

and a few cardiovascular and depression medications that have been implicated as potential 

risk factors for COVID-19 (Table E1). Information on COVID-19 vaccination came from the 

National Vaccination Register.  

 

Clinical measurements obtained from SNAR included dyspnea measured by the modified 

Medical Research Council (mMRC) dyspnea scale, symptom burden assessed with the COPD 



 

Assessment Test (CAT), body mass index (BMI), and spirometry values. Spirometry included 

post-bronchodilator Forced Expiratory Volume in one second, percent of predicted (FEV1% 

predicted), based on the Swedish Hedenström reference values [18]. Missing post-

bronchodilator FEV1 values were replaced with pre-bronchodilator values. FEV1 was 

categorized into Global Initiative for Chronic Obstructive Lung Disease (GOLD) stages: 1 = 

FEV1≥80%; 2 = 50-79%; 3 = 30-49% and 4 = < 30%. GOLD ABCD classes were also created 

from SNAR data on number of total and hospitalized exacerbations in the year prior to index 

date, CAT and mMRC scores as described in Table E1. BMI was classified as underweight 

(<18.5); normal (18.5-24.9); overweight (25.0-29.9) and obese (≥30.0 kg/m2). For CAT, a 

cutoff at ≥10 was used [19] and mMRC was retained as a 0-4 score. The most recent 

measurements available before the index date were used, since smoking, BMI, spirometry, 

CAT and mMRC scores were not measured on every healthcare visit (Table E1).  

 

Statistical analysis 

Most variables had no missing by design, as absence of a registration of e.g., a comorbidity is 

interpreted as no comorbidity. Variables with some missing values in the study were education, 

smoking, BMI, FEV1% predicted and GOLD stage. Descriptive statistics are presented as 

frequencies and percentages for categorical variables and means and standard deviations or 

medians and interquartile ranges for continuous variables, for the total COPD population cohort 

and for the COVID-19 outcome groups. Cox proportional hazards models with calendar time 

as the underlying timescale were used to examine associations between potential determinants 

and the four COVID-19 outcomes. Separate models were run for each potential determinant, 

and for unvaccinated and vaccinated COPD patients. All main models were adjusted for age, 

sex, diabetes, hypertension, smoking and BMI as potential confounders, based on prior 

knowledge. As a sensitivity analysis, an extensive post hoc multivariable model was also run, 



 

including most of the studied risk factors (notably except GOLD stage and FEV1, due to more 

missing data in these variables). Results are reported as unadjusted and adjusted hazard ratios 

(HRs) with 95% confidence interval (CI), and statistical significance considered for two-sided 

P<0.05. A trend test for ordinal categorical variables was obtained by including the variable as 

an ordinal covariate in the regression model. All analyses were conducted on individuals with 

complete data with Stata (Version 16.1) and R (Version 4.0.2).  

 

 

RESULTS  

There were 87472 COPD patients identified, among whom 6068 infections, 2649 

hospitalizations, 221 ICU admissions, and 803 deaths related to COVID-19 occurred during 

unvaccinated follow-up time (Table 1). In the overall cohort and among patients with COVID-

19 infections in the unvaccinated period, a slight majority were women, while more men were 

hospitalized, ICU admitted and died of COVID-19 (Table 1). COPD patients who were 

hospitalized or died from COVID-19 were older than patients with COVID-19 infection, ICU 

admission or in the COPD population cohort. Following COVID-19 vaccination, 703 

infections, 248 hospitalizations, 12 ICU admissions and 79 deaths occurred during vaccinated 

follow-up time (Table 1).  

 

Higher BMI and prevalence of obesity were observed for ICU admissions (Table 2). COPD 

patients with poor COVID-19 outcomes also had a higher prevalence of most investigated 

comorbidities (e.g., cardiovascular diseases, diabetes, respiratory diseases, CKD, cancer, 

depression, anxiety and psychiatric disorders) except autoimmune and interstitial lung diseases, 

and more frequent use of most respiratory medications (e.g., oral and inhaled corticosteroids, 

bronchodilator agonists, muscarinic antagonists) than the underlying population COPD cohort 



 

(Table 2, Table E2). Moreover, COVID-19 patients, admitted to ICUs were more likely to have 

high CAT scores, i.e., higher symptom burden, than the COPD population cohort (Table 2).  

 

Associations of risk factors and COVID-19 outcomes in unvaccinated COPD patients 

The adjusted HRs for COVID-19 hospitalization and mortality in unvaccinated COPD patients 

increased clearly with age, but this was not the case for COVID-19 infection and ICU 

admissions (Figure 2, Table E3). Women and those with higher education were at significantly 

lower risk for all COVID-19 outcomes except ICU admission, with a significant trend across 

education levels for hospitalization and death. Foreign-born individuals, especially from 

outside Europe, were at significantly higher risk for COVID-19 infection, hospitalization, and 

ICU admission, than Sweden-born. Among working-age (40-64-year-old) patients, 

employment was significantly associated risk with an increased risk of COVID-19 infection 

but otherwise with lower risk across different COVID-19 outcomes. Being married decreased 

the risk of hospitalization and death (Figure 2, Table E3). 

 

Pre-existing comorbidities such as cardiovascular diseases, respiratory failure, CKD, diabetes, 

autoimmune disease, depression, anxiety and psychiatric disease, were significant predictors 

for most COVID-19 outcomes in the unvaccinated (HR range 1.28-2.80), except for ICU 

admissions (Figure 3, Table E3). Some predictors of COVID-19 death such as heart failure, 

and hypertension were not significantly predictive of ICU admission. Use of inhaled and oral 

corticosteroid drugs (ICS and OCS), short- and long-acting bronchodilator agonists (SABA 

and LABA), and short- and long-acting muscarinic antagonists (SAMA, and LAMA) was 

associated with a higher risk of COVID-19 infection and hospitalization (Figure 4, Table E3). 

Similar associations were observed with death, significant except for OCS, and for ICU 

admission, albeit significant only for ICS, OCS, LABA, and LAMA (Table E3).  



 

 

Underweight patients were at an increased risk of all COVID-19 outcomes (HR range 1.21-

1.69) but not for ICU admissions (Figure 5, Table E3). Obese patients had a higher risk for 

hospitalization (HR 1.19, 95% CI 1.07-1.32) and ICU admissions (3.52, 2.29-5.40). Clinical 

measures indicating severe disease, especially CAT score ≥10 and GOLD B, C and D 

classification, but also mMRC level 3, were positively associated with most outcomes and 

predicted hospitalization (HRs range 1.37-1.92) and death (HRs 1.38-2.39) (Figure 5, Table 

E4). COPD patients with lower FEV1 % predicted (GOLD 3 and 4), also had a higher risk of 

COVID-19 infection, hospitalization, and death (Table E3). 

 

In the sensitivity analysis, the full multivariable model that presents results conditional on 

most of the studied risk factors (Table E4), estimates for demographic risk factors were 

similar to the main results with predefined confounder adjustment (Table E3). Many 

comorbidities (overall cardiovascular disease, type 2 diabetes, respiratory failure, 

autoimmune disease, depression, psychiatric disease), prescribed medications (ICS, LABA, 

SAMA, LAMA, statins, ARB, antidepressants) and clinical features (CAT scores and BMI) 

remained significant risk factors. 

 

Associations of risk factors and COVID-19 outcomes in vaccinated COPD patients 

Overall, HRs for risk factors among the vaccinated were similar in direction to the 

unvaccinated, albeit with wider confidence intervals (Figures 2-5, Table E5). Risk factors to 

highlight include older age, comorbidities (e.g., cardiovascular diseases, respiratory failure, 

autoimmune disease, depression, anxiety, psychiatric disease), and clinical factors (e.g., CAT, 

underweight, GOLD C and D), where the HRs for the vaccinated were attenuated compared to 

the unvaccinated, and some confidence intervals included one (Figures 2, 3, 5). Conversely, 



 

the magnitude of HRs for other factors, notably many prescribed medications,e.g., inhaled 

corticosteroids, were somewhat stronger in the vaccinated, although nonetheless sometimes 

nonsignificant due to reduced power (Figure 4).  

  



 

DISCUSSION 

This study is the first to examine a broader range of COVID-19 outcomes for COPD patients 

in a truly population-based setting and spanning the pre- and post- COVID-19 vaccination 

periods. SARS-CoV-2 variants were not specifically evaluated, but the vaccinated and 

unvaccinated follow-up roughly separates pre-alpha and alpha from delta-dominated periods. 

Among the unvaccinated, old age, male sex, lower education level, and being foreign-born 

were associated with COVID-19 outcomes. Moreover, the study highlights that severe COPD 

(i.e., reduced lung function, a greater symptom burden and exacerbation risk as defined by 

GOLD 1-4 and ABCD), underweight and obesity, various comorbidities, and some prior 

medications were associated with severe COVID-19 outcomes. Among the vaccinated, most 

determinants of COVID-19 risk were similar in the vaccinated, although with some evidence 

of attenuated risk after vaccination.  

 

The increased risk observed among men and with older age in COPD patients is in line with 

previous studies reporting these as risk factors for severe COVID-19 [7,8,11,13,20,21]. The 

higher COVID-19 susceptibility of men may be due to biological mechanisms, including 

weaker immune response [22] and higher expression of the ACE-2 receptor [23]. Furthermore, 

sex differences in immune responses may be related to differential pathogenic processes, and 

therefore, differences in the general presentation of COVID-19 among men and women [24]. 

There is no clear age effect for being infected with COVID-19, as might be expected in a 

situation with widespread disease, but the increased risk for hospitalization and death with 

higher age is clear. It is worth noting that when age is examined in a study, its effect may be 

partially mediated by comorbidities and individual characteristics, which may obscure the full 

effect of age. 

 



 

Our findings are consistent with previous Swedish studies that found higher education to be 

associated with a reduced risk of COVID-19 death in the general population, and being foreign-

born to be associated with increased risks for COVID-19 infection and hospitalization [25,26]. 

Foreign-born individuals living in other high-income countries have similarly been found to be 

at higher risk for severe COVID-19 [25,27]. There is evidence that migrants are at higher risk 

due to: socioeconomic factors, such as work [25] and living conditions; lower awareness of 

preventive measures compared to native populations; and other barriers [27]. In this study, 

COPD patients also exhibit this socioeconomic pattern. 

 

In unadjusted analyses, most comorbidities were associated with COVID-19 outcomes, but 

only some (e.g., cardiovascular diseases and diabetes) were significant after adjustments. 

Interestingly, most comorbidities that strongly predicted hospitalization or death (e.g., heart 

failure) were not associated with ICU admission. This finding could reflect patients with such 

conditions not being selected for ICU admission, potentially due to the assessed low likelihood 

of treatment success in the ICU. As in previous studies of COPD cohorts among COVID-19 

patients [8,11], overall cardiovascular disease including hypertension and heart failure was 

associated with an increased risk of hospitalization and mortality. Our results demonstrate that 

among COPD patients, being underweight is associated with an increased risk of COVID-19 

infection, hospitalization and death. This is consistent with earlier reporting of high COVID-

19 mortality risk in underweight COPD patients [28], and underweight being a known risk 

factor for diverse negative clinical outcomes in COPD patients [29]. In contrast, obesity was a 

predictor for severe disease, i.e. hospitalization, ICU admission but not significantly for death. 

Adipose tissue has high expression of the ACE2 receptor [30] that enables COVID-19 viral 

entry, and obesity has been linked to ventilation difficulties [31], which may contribute to 

increased severity of COVID-19 and hospitalization. 



 

 

Commonly prescribed inhalation therapy for COPD was mostly associated with increased risk, 

as has been described [32] [32,33], implying that heavier therapy is generally a good clinical 

marker for assessing potential COVID-19 risk, especially when other information on COPD 

severity or important comorbidity is unavailable. This effect, however, largely disappeared for 

most medications in the a posteriori full multivariable model, with consistent effects remaining 

only for ICS and SAMA conditional on other concurrent therapies, disease severity (mMRC, 

CAT) and comorbidities in the model. This may therefore indicate possible additional 

confounding by indication or severity, but this model should be interpreted with caution, since 

it may also include mediators for some combinations of risk factors as has been pointed out 

[34]. 

 

In agreement with a previous study based on SNAR data [13], we found that severe COPD, 

defined as a lower FEV1% predicted and higher CAT scores, was associated with greater risk 

of severe COVID-19 (hospitalization and/or death). Further, we note that a lower FEV1% 

predicted was associated with a lower risk of ICU admission. Interestingly, we also observed 

such significant or suggestive inverse associations between several other factors (including 

higher age and comorbidities including diabetes type 2, heart failure, and chronic kidney 

disease) and ICU admission, although most of the pre-existing comorbidities showed similar 

point estimates for ICU admission. Although these results should be interpreted with caution 

due to low power with wide confidence intervals, selection of patients for ICU admission, 

where frailty and low likelihood to benefit from ICU treatment are contraindications, is a 

potential explanation. Increased “shielding” and COVID-19 precautions such as social distance 

and hand hygiene by those with perceived poor lung function may also have contributed to 

lower ICU admission risk, as reported in another study [35]. Our study thus highlights ICU-



 

admitted COPD patients as a special population where predictors differ from COVID-19 

infections, hospitalizations, and deaths and thus merit further investigation.  

 

Analyses of vaccinated COPD patients show that breakthrough infections are possible. 

However, our findings suggest that old and potentially frail patients, with certain chronic 

ailments, and clinically severe lung disease may have lower risk due to these characteristics of 

COVID-19 infection, hospitalization and death during vaccinated follow-up compared to 

unvaccinated follow-up. While the vaccinated time analysis has lower power, this finding may 

reflect that COPD patients with markers of severe underlying disease could accrue particular 

benefit from COVID-19 vaccination. Thus, our results support a recommendation to vaccinate 

patients with COPD against COVID-19, with a particular focus on those with a more severe 

form of COPD.  

 

Strengths of our study include evaluating diverse factors over 4 different COVID-19 outcomes 

among COPD patients over a long follow-up in a truly population-based setting.  Moreover, 

the pre-and post-vaccination follow-up periods offer insight into the natural course of COVID-

19 disease, and the effect of the vaccination intervention, although the latter aim was limited 

due to fewer outcomes among the vaccinated. Other limitations should also be considered. 

Missing data was not an issue, except for smoking, education, BMI, GOLD and FEV1. We 

focused on a complete case analysis, in the main model adjusting for key confounders and 

variables with limited missing data (smoking and BMI), but models including the variables 

with more missing, e.g., GOLD stage and FEV1, showed consistent findings (data not shown). 

Potential exposure misclassification is another concern. For instance, prescribed medication 

does not necessarily equate to actual use. However, all exposure and covariate data were 

routinely collected pre-pandemic. Misclassification is thus likely to be non-differential with 



 

respect to COVID-19 events, which would tend to reduce statistical power and attenuate 

associations. Despite adjusting for identified substantial confounders, unmeasured and residual 

confounding remains a possibility. Our study, like many others [36], found a lower HR for 

current smokers, but this result is unclear and needs further investigation. 

 

Conclusion 

This study provides detailed and robust evidence on important predictors of four different 

COVID-19 outcomes in patients with COPD, and suggests that vaccination has a positive effect 

on the added risk associated with some of them. Given the elevated COVID-19 risk among 

COPD patients, our findings provide a better understanding of their risk factor profiles and may 

contribute to better clinical evaluation, interventions and individualized care to reduce their 

COVID-19 risk.  



 

Table 1. Sociodemographic characteristics of a population-based cohort of COPD patients (≥40 years) in Sweden on 1 Jan 2020, and of 

individuals with four different COVID-19 outcome events that occurred during unvaccinated and vaccinated follow-up time from 1 Jan 

2020 to 30 Nov 2021 in that cohort (N (%)). 

 Total COPD 

cohort  

N = 87472 

COPD patients with COVID-19 outcomes during vaccinated and unvaccinated follow-up time† 

  
 

Infected Hospitalized ICU admitted Death 

  
 

Unvaccinated Vaccinated Unvaccinated Vaccinated Unvaccinated Vaccinated Unvaccinated Vaccinated 
 

(Vaccinated 

by end of 

follow-up 

N= 77355) 

 N = 6068 N = 703  N = 2649 N = 248   N = 221 N = 12   N = 803 N = 79 

Age (Mean, SD) 72.2 (9.7) 71.3 (11.3) 72.2 (11.2) 75.3 (9.2) 76.7 (9.1) 69.6 (7.2) 75.8 (6.7) 79.3 (8.3) 81.3 (6.6) 

Age categories                   

   40-49  1489 (1.7)    174 (2.9)     24 (3.4)     14 (0.5)      2 (0.8)      0 (0.0)      0 (0.0)      0 (0.0)      0 (0.0)  

   50-59  7861 (9.0)    809 (13.3)     81 (11.5)    137 (5.2)      8 (3.2)     25 (11.3)      0 (0.0)     11 (1.4)      1 (1.3)  

   60-69 22121 (25.3)   1572 (25.9)    141 (20.1)    510 (19.3)     35 (14.1)     77 (34.8)      3 (25.0)     90 (11.2)      3 (3.8)  

   70-79 36418 (41.6)   1990 (32.8)    264 (37.6)   1103 (41.6)    105 (42.3)    105 (47.5)      6 (50.0)    286 (35.6)     26 (32.9)  

   80-89 17354 (19.8)   1255 (20.7)    166 (23.6)    746 (28.2)     87 (35.1)     14 (6.3)      3 (25.0)    332 (41.3)     43 (54.4)  

   90+ 2229 (2.5) 268 (4.4)    27 (3.8)  139 (5.2)    11 (4.4)  0 (0)     0 (0.0)  84 (10.5)     6 (7.6)  

Gender                    

    Male 38151 (43.6) 2854 (47.0) 309 (44.0) 1362 (51.4) 129 (52.0) 124 (56.1) 5 (41.7) 432 (53.8) 44 (55.7) 

    Female 49321 (56.4) 3214 (53.0) 394 (56.0) 1287 (48.6) 119 (48.0) 97 (43.9) 7 (58.3) 371 (46.2) 35 (44.3) 



 

Education ‡ a                    

    Primary 29703 (34.4) 2108 (35.3) 225 (32.8) 1004 (38.8) 92 (38.0) 85 (39.7) 6 (50.0) 337 (43.2) 40 (51.9) 

    Secondary 40967 (47.4) 2890 (48.4) 317 (46.1) 1200 (46.4) 106 (43.8) 96 (44.9) 5 (41.7) 344 (44.1) 30 (39.0) 

    Higher 15674 (18.2) 970 (16.3) 145 (21.1) 384 (14.8) 44 (18.2) 33 (15.4) 1 (8.3) 99 (12.7) 7 (9.1) 

Marital status                   

    Non-married 51861 (59.3) 3588 (59.1) 403 (57.3) 1635 (61.8) 156 (62.9) 122 (55.5) 5 (41.7) 526 (65.5) 50 (63.3) 

    Married 35568 (40.7) 2478 (40.9) 300 (42.7) 1012 (38.2) 92 (37.1) 98 (44.5) 7 (58.3) 277 (34.5) 29 (36.7) 

Employment status                   

  Unemployed (40-

64 years) 

7033 (8.04) 536 (8.84) 41 (5.8) 178 (6.72) 15 (6.0) 28 (12.7) 0 (0) 25 (3.11) 0 (0) 

  Employed(40-64 

years) 

11416 (13.1) 1199 (19.8) 130 (18.5) 166 (6.27) 11 (4.4) 19 (8.64) 1 (8.3) 11 (1.37) 1 (1.3) 

  Employed(65+ 

years) 

12350 (14.1) 712 (11.7) 93 (13.2) 289 (10.9) 25 (10.1) 41 (18.6) 3 (25.0) 50 (6.23) 5 (6.3) 

  Retired(65+ years) 56630 (64.8) 3619 (59.7) 439 (62.4) 2014 (76.1) 197 (79.4) 132 (60.0) 8 (66.7) 717 (89.3) 73 (92.4) 

Region of Birth                   

    Sweden 71679 (81.9) 4566 (75.2) 560 (79.7) 1967 (74.3) 195 (78.6) 141 (63.8) 11 (91.7) 627 (78.1) 59 (74.7) 

    Nordic 6063 (6.93) 423 (6.97) 48 (6.8) 200 (7.55) 20 (8.1) 18 (8.14) 1 (8.3) 66 (8.22) 9 (11.4) 

    EU 3214 (3.67) 251 (4.14) 21 (3.0) 132 (4.98) 9 (3.6) 19 (8.60) 0 (0) 43 (5.35) 2 (2.5) 

    Non-EU 6515 (7.45) 828 (13.6) 74 (10.5) 350 (13.2) 24 (9.7) 43 (19.5) 0 (0) 67 (8.34) 9 (11.4) 

Smoking ‡ b                   



 

    Never smoker 12310 (15.7) 991 (18.7) 118 (19.2) 460 (20.2) 42 (21.1) 36 (18.1) 1 (8.3) 146 (22.4) 22 (33.3) 

    Former smoker 39734 (50.7) 2909 (54.9) 350 (57.0) 1320 (57.9) 116 (58.3) 123 (61.8) 7 (58.3) 374 (57.3) 37 (56.1) 

    Current smoker 26252 (33.5) 1403 (26.5) 146 (23.8) 498 (21.9) 41 (20.6) 40 (20.1) 4 (33.3) 133 (20.4) 7 (10.6) 

 

COPD = chronic obstructive pulmonary disease; COVID-19 = Coronavirus disease 2019; SD = standard deviation; EU = Europe ; ICU= 

intensive care unit; SNAR= Swedish national airways register. 

‡ Proportion of non-missing 

a Missing data on education for 1128 (1.3%) for the COPD population.  

b Missing data on smoking for 9176 (10.5%) for the COPD population. 

  



 

Table 2. Comorbidities and clinical characteristics on 1 Jan 2020 of a population-based cohort of COPD patients (≥40 years) in Sweden, 

and of individuals with four different COVID-19 outcome events that occurred during unvaccinated and vaccinated follow-up time from 

1 Jan 2020 to 30 Nov 2021 in that cohort (N (%)). 

 Total COPD 

cohort 

N = 87472 

COPD patients with COVID-19 outcomes during vaccinated and unvaccinated follow-up time† 

   Infected Hospitalized ICU admitted Death 

   Unvaccinate

d 

Vaccinated Unvaccinated Vaccinated Unvaccinated Vaccinated Unvaccinated Vaccinated 

 (Vaccinated 

by end of 

follow-up 

N= 77355) 

 N = 6068 N = 703  N = 2649 N = 248   N = 221 N = 12   N = 803 N = 79 

Comorbidities                    

Overall cardiovascular 

disease 

43583 (49.8)  3432 (56.6)  394 (56.0)  1865 (70.4)  179 (72.2)  136 (61.5)   7 (58.3)  656 (81.7)  58 (73.4)  

Hypertension 31323 (35.8)  2527 (41.6)  291 (41.4)  1410 (53.2)  135 (54.4)   99 (44.8)   6 (50.0)  499 (62.1)  47 (59.5)  

Heart failure   9400 (10.7)   969 (16.0)   99 (14.1)   625 (23.6)   56 (22.6)   32 (14.5)   2 (16.7)  267 (33.3)  26 (32.9)  

Type 1 diabetes  1123 (1.3)   111 (1.8)   12 (1.7)    64 (2.4)    9 (3.6)    4 (1.8)   1 (8.3)   26 (3.2)   8 (10.1)  

Type 2 diabetes 10549 (12.1)   956 (15.8)  114 (16.2)   567 (21.4)   63 (25.4)   49 (22.2)   2 (16.7)  199 (24.8)  22 (27.8)  

Asthma  8188 (9.4)   695 (11.5)   82 (11.7)   350 (13.2)   29 (11.7)   30 (13.6)   1 (8.3)  111 (13.8)  12 (15.2)  

Respiratory failure  3176 (3.6)   346 (5.7)   26 (3.7)   239 (9.0)   15 (6.0)   13 (5.9)   2 (16.7)   88 (11.0)   6 (7.6)  

Interstitial lung disease   529 (0.6)    40 (0.7)    8 (1.1)    27 (1.0)    4 (1.6)    1 (0.5)   1 (8.3)   12 (1.5)   2 (2.5)  

Sleep apnea syndromes   2854 (3.3)   232 (3.8)   33 (4.7)   124 (4.7)   13 (5.2)   19 (8.6)   1 (8.3)   31 (3.9)   7 (8.9)  

Chronic kidney disease  1065 (1.2)   116 (1.9)   16 (2.3)    78 (2.9)   13 (5.2)    5 (2.3)   0 (0.0)   37 (4.6)   3 (3.8)  

Immunologic disease   150 (0.2)    10 (0.2)    2 (0.3)     8 (0.3)    2 (0.8)    0 (0.0)   0 (0.0)    4 (0.5)   0 (0.0)  



 

Autoimmune disease   150 (0.2)    10 (0.2)   69 (9.8)     8 (0.3)   30 (12.1)    0 (0.0)   0 (0.0)    4 (0.5)  10 (12.7)  

Cancer  6509 (7.4)   574 (9.5)  125 (17.8)   333 (12.6)   60 (24.2)   22 (10.0)   1 (8.3)  138 (17.2)  23 (29.1)  

Depression 13456 (15.4)   933 (15.4)   35 (5.0)   510 (19.3)   13 (5.2)   28 (12.7)   0 (0.0)  167 (20.8)   3 (3.8)  

Anxiety  3625 (4.1)   310 (5.1)   33 (4.7)   150 (5.7)   11 (4.4)   16 (7.2)   0 (0.0)   47 (5.9)   2 (2.5)  

Psychiatric disorders  3979 (4.5)   339 (5.6)   45 (6.4)   167 (6.3)   17 (6.9)   15 (6.8)   0 (0.0)   56 (7.0)   3 (3.8)  

Clinical characteristics                   

GOLD ABCD§ a                   

     Group A 12759 (23.9)    769 (21.3)    100 (23.5)    253 (16.2)     21 (14.8)     19 (14.8)      2 (25.0)     59 (14.4)     10 (23.3)  

     Group B 26224 (49.1)   1729 (47.9)    209 (49.2)    776 (49.7)     78 (54.9)     63 (49.2)      4 (50.0)    199 (48.7)     18 (41.9)  

     Group C  3782 (7.1)    278 (7.7)     30 (7.1)    119 (7.6)      7 (4.9)      9 (7.0)      0 (0.0)     26 (6.4)      1 (2.3)  

     Group D 10635 (19.9)    837 (23.2)     86 (20.2)    414 (26.5)     36 (25.4)     37 (28.9)      2 (25.0)    125 (30.6)     14 (32.6)  

FEV1 % of predicted § ll b                   

  Median [IQR] 62  

[49.0, 74.0] 

62  

[48.0,74.0] 

63  

[49.0, 77.0] 

58  

[44.0, 71.0] 

56  

[43.0,68.0] 

62  

[50.5, 79.5] 

56  

[50.5,56.5] 

58 

[45.0, 70.0] 

58 

[46.0,73.0] 

     ≥ 80 (GOLD 1)  9599 (16.2)    634 (16.3)    102 (21.5)    206 (12.8)     22 (14.2)     34 (25.2)      1 (9.1)     49 (12.4)      9 (19.1)  

     50-79 (GOLD 2) 33907 (57.2)   2195 (56.5)    248 (52.3)    850 (52.8)     74 (47.7)     72 (53.3)      8 (72.7)    218 (55.2)     22 (46.8)  

     30-49 (GOLD 3) 13129 (22.1)    865 (22.3)    101 (21.3)    442 (27.5)     49 (31.6)     23 (17.0)      2 (18.2)    103 (26.1)     12 (25.5)  

     <30 (GOLD 4)  2666 (4.5)    189 (4.9)     23 (4.9)    111 (6.9)     10 (6.5)      6 (4.4)      0 (0.0)     25 (6.3)      4 (8.5)  

CAT                    

   < 10 27073 (31.0) 1712 (28.2) 226 (32.1) 649 (24.5) 64 (25.8) 46 (20.8) 3 (25.0) 196 (24.4) 25 (31.6) 

   ≥ 10 60399 (69.0) 4356 (71.8) 477 (67.9) 2000 (75.5) 184 (74.2) 175 (79.2) 9 (75.0) 607 (75.6) 54 (68.4) 

 mMRC                   

0 13035 (14.9)    862 (14.2)    108 (15.4)    349 (13.2)     29 (11.7)     26 (11.8)      1 (8.3)     98 (12.2)     11 (13.9)  

1 38020 (43.5)   2587 (42.6)    300 (42.7)   1060 (40.0)     96 (38.7)    103 (46.6)      3 (25.0)    333 (41.5)     32 (40.5)  

2 17673 (20.2)   1225 (20.2)    157 (22.3)    556 (21.0)     57 (23.0)     40 (18.1)      7 (58.3)    157 (19.6)     14 (17.7)  



 

3 11125 (12.7)    841 (13.9)     83 (11.8)    434 (16.4)     39 (15.7)     34 (15.4)      0 (0.0)    135 (16.8)     15 (19.0)  

4  7619 (8.7)    553 (9.1)     55 (7.8)    250 (9.4)     27 (10.9)     18 (8.1)      1 (8.3)     80 (10.0)      7 (8.9)  

Body mass index (BMI 

in kg/m2)§ c 

                  

 Mean BMI (SD) 27.2 (11.1) 27.6 (10.6) 28.44 

(16.9) 

27.6 (11.7) 27.95 (6.2) 30.4 (6.4) 29.44 (8.9) 26.9 (6.6) 28.1 (8.2) 

    Underweight (BMI < 

18.5) 

 3627 (4.7)    254 (4.7)    205 (32.6)    143 (6.0)     66 (30.7)      4 (2.0)      4 (40.0)     51 (7.2)     23 (32.4)  

    Normal (BMI =18.5 

to 24.0) 

27415 (35.2)   1748 (32.4)     16 (2.5)    786 (32.9)      5 (2.3)     28 (13.8)      0 (0.0)    259 (36.7)      3 (4.2)  

    Overweight (BMI = 

25.0 to 29.9) 

26535 (34.0)   1811 (33.6)    215 (34.2)    718 (30.1)     70 (32.6)     77 (37.9)      2 (20.0)    196 (27.8)     21 (29.6)  

    Obese (BMI ≥ 30) 20408 (26.2)   1582 (29.3)    192 (30.6)    740 (31.0)     74 (34.4)     94 (46.3)      4 (40.0)    200 (28.3)     24 (33.8)  

 

 

COPD = chronic obstructive pulmonary disease; COVID-19 = Coronavirus disease 2019; GOLD = global initiative for chronic obstructive lung 

disease; FEV1=forced expiratory volume in 1 second; CAT = chronic obstructive pulmonary disease assessment test; BMI = body mass index; 

SD = standard deviation; mMRC = modified Medical Research Council dyspnea scale; IQR = interquartile range; ICU = intensive care unit. 

 
§ Proportions presented as percent of non-missing 

ll Post bronchodilator FEV1 values were used but if missing, pre bronchodilator FEV1 values were used.  

 
a Missing data = 34072 (39.0%) of the COPD population cohort.   

b Missing data = 28171 (32.2%) of the COPD population cohort.   

c Missing data = 9487 (10.8%) of the COPD population cohort.   

 

 



 

 

References 

 1.  Sanyaolu A, Okorie C, Marinkovic A, Patidar R, Younis K, Desai P, Hosein Z, Padda I, 

Mangat J, Altaf M. Comorbidity and its Impact on Patients with COVID-19. SN Compr 

Clin Med. 2020 Aug;2(8):1069–76.  

2.  Guan W jie, Liang W hua, Zhao Y, Liang H rui, Chen Z sheng, Li Y min, Liu X qing, 

Chen R chong, Tang C li, Wang T, Ou C quan, Li L, Chen P yan, Sang L, Wang W, Li J 

fu, Li C chen, Ou L min, Cheng B, Xiong S, Ni Z yi, Xiang J, Hu Y, Liu L, Shan H, Lei 

C liang, Peng Y xiang, Wei L, Liu Y, Hu Y hua, Peng P, Wang J ming, Liu J yang, 

Chen Z, Li G, Zheng Z jian, Qiu S qin, Luo J, Ye C jiang, Zhu S yong, Cheng L ling, 

Ye F, Li S yue, Zheng J ping, Zhang N fu, Zhong N shan, He J xing. Comorbidity and 

its impact on 1590 patients with COVID-19 in China: a nationwide analysis. Eur Respir 

J. 2020 May;55(5):2000547.  

3.  Reilev M, Kristensen KB, Pottegård A, Lund LC, Hallas J, Ernst MT, Christiansen CF, 

Sørensen HT, Johansen NB, Brun NC, Voldstedlund M, Støvring H, Thomsen MK, 

Christensen S, Gubbels S, Krause TG, Mølbak K, Thomsen RW. Characteristics and 

predictors of hospitalization and death in the first 11 122 cases with a positive RT-PCR 

test for SARS-CoV-2 in Denmark: a nationwide cohort. International Journal of 

Epidemiology. 2020 Sep 5;dyaa140.  

4.  Donaldson GC. Relationship between exacerbation frequency and lung function decline 

in chronic obstructive pulmonary disease. Thorax. 2002 Oct 1;57(10):847–52.  

5.  Seemungal TAR, Donaldson GC, Paul EA, Bestall JC, Jeffries DJ, Wedzicha JA. Effect 

of Exacerbation on Quality of Life in Patients with Chronic Obstructive Pulmonary 

Disease. Am J Respir Crit Care Med. 1998 May;157(5):1418–22.  

6.  Wedzicha JA, Seemungal TA. COPD exacerbations: defining their cause and prevention. 

The Lancet. 2007 Sep;370(9589):786–96.  

7.  Attaway AA, Zein J, Hatipoğlu US. SARS-CoV-2 infection in the COPD population is 

associated with increased healthcare utilization: An analysis of Cleveland clinic’s 

COVID-19 registry. EClinicalMedicine. 2020 Sep;26:100515.  

8.  Graziani D, Soriano JB, Del Rio-Bermudez C, Morena D, Díaz T, Castillo M, Alonso M, 

Ancochea J, Lumbreras S, Izquierdo JL. Characteristics and Prognosis of COVID-19 in 

Patients with COPD. JCM. 2020 Oct 12;9(10):3259.  

9.  Alqahtani JS, Oyelade T, Aldhahir AM, Alghamdi SM, Almehmadi M, Alqahtani AS, 

Quaderi S, Mandal S, Hurst JR. Prevalence, Severity and Mortality associated with 

COPD and Smoking in patients with COVID-19: A Rapid Systematic Review and 

Meta-Analysis. PLoS One. 2020;15(5):e0233147.  

10.  Marron RM, Zheng M, Fernandez Romero G, Zhao H, Patel R, Leopold I, Thomas A, 

Standiford T, Kumaran M, Patlakh N, Stewart J, Criner GJ. Impact of Chronic 

Obstructive Pulmonary Disease and Emphysema on Outcomes of Hospitalized Patients 

with Coronavirus Disease 2019 Pneumonia. J COPD F. 2021;8(2):255–68.  



 

11.  Calmes D, Graff S, Maes N, Frix AN, Thys M, Bonhomme O, Berg J, Debruche M, 

Gester F, Henket M, Paulus V, Duysinx B, Heinen V, Dang DN, Paulus A, Quaedvlieg 

V, Vaillant F, Van Cauwenberge H, Malaise M, Gilbert A, Ghuysen A, Gillet P, 

Moutschen M, Misset B, Sibille A, Guiot J, Corhay JL, Louis R, Schleich F. Asthma 

and COPD Are Not Risk Factors for ICU Stay and Death in Case of SARS-CoV2 

Infection. J Allergy Clin Immunol Pract. 2020 Oct 7;  

12.  Kim Y, An TJ, Park YB, Kim K, Cho DY, Rhee CK, Yoo KH. Chronic Obstructive 

Pulmonary Disease Is Not Associated with a Poor Prognosis in COVID-19. Tuberc 

Respir Dis. 2022 Jan 1;85(1):74–9.  

13.  Stridsman C, Vanfleteren LEGW, Konradsen JR, Axelsson Fisk S, Pedroletti C, Sjöö Y, 

Syk J, Sterner T, Lindberg A, Tunsäter A, Nyberg F, Ekberg-Jansson A, Karlsson 

Sundbaum J. Predictors of severe COVID-19 in a registry-based Swedish cohort of 

patients with chronic obstructive pulmonary disease (COPD). Eur Respir J. 2021 Aug 

19;2101920.  

14.  Finney LJ, Glanville N, Farne H, Aniscenko J, Fenwick P, Kemp SV, Trujillo-Torralbo 

MB, Loo SL, Calderazzo MA, Wedzicha JA, Mallia P, Bartlett NW, Johnston SL, 

Singanayagam A. Inhaled corticosteroids downregulate the SARS-CoV-2 receptor 

ACE2 in COPD through suppression of type I interferon. Journal of Allergy and 

Clinical Immunology. 2020 Oct;S009167492031407X.  

15.  Nyberg F, Franzén S, Lindh M, Vanfleteren L, Hammar N, Wettermark B, Sundström J, 

Santosa A, Björck S, Gisslén M. Swedish Covid-19 Investigation for Future Insights – 

A Population Epidemiology Approach Using Register Linkage (SCIFI-PEARL). CLEP. 

2021 Jul;Volume 13:649–59.  

16.  Stridsman C, Konradsen J, Vanfleteren L, Pedroletti C, Binnmyr J, Edfelt P, Fjällman 

Schärberg K, Sjöö Y, Nyberg F, Lindberg A, Tunsäter A, Ekberg-Jansson A. The 

Swedish National Airway Register (SNAR): development, design and utility to date. 

European Clinical Respiratory Journal. 2020 Jan 1;7(1):1833412.  

17.  Ludvigsson JF, Svedberg P, Olén O, Bruze G, Neovius M. The longitudinal integrated 

database for health insurance and labour market studies (LISA) and its use in medical 

research. Eur J Epidemiol. 2019 Apr;34(4):423–37.  

18.  Hedenström H, Malmberg P, Agarwal K. Reference values for lung function tests in 

females. Regression equations with smoking variables. Bull Eur Physiopathol Respir. 

1985 Dec;21(6):551–7.  

19.  Smid DE, Franssen FME, Gonik M, Miravitlles M, Casanova C, Cosio BG, de Lucas-

Ramos P, Marin JM, Martinez C, Mir I, Soriano JB, de Torres JP, Agusti A, Atalay NB, 

Billington J, Boutou AK, Brighenti-Zogg S, Chaplin E, Coster S, Dodd JW, Dürr S, 

Fernandez-Villar A, Groenen MTJ, Guimarães M, Hejduk K, Higgins V, Hopkinson 

NS, Horita N, Houben-Wilke S, Janssen DJA, Jehn M, Joerres R, Karch A, Kelly JL, 

Kim YI, Kimura H, Koblizek V, Kocks JH, Kon SSC, Kwon N, Ladeira I, Lee SD, 

Leuppi JD, Locantore N, Lopez-Campos JL, D-C Man W, Maricic L, Mendoza L, 

Miedinger D, Mihaltan F, Minami S, van der Molen T, Murrells TJ, Nakken N, 

Nishijima Y, Norman IJ, Novotna B, O’Donnell DE, Ogata Y, Pereira ED, Piercy J, 

Price D, Pothirat C, Raghavan N, Ringbaek T, Sajkov D, Sigari N, Singh S, Small M, da 



 

Silva GF, Tanner RJ, Tsiligianni IG, Tulek B, Tzanakis N, Vanfleteren LEGW, Watz H, 

Webb KA, Wouters EFM, Xie GG, Yoshikawa M, Spruit MA. Redefining Cut-Points 

for High Symptom Burden of the Global Initiative for Chronic Obstructive Lung 

Disease Classification in 18,577 Patients With Chronic Obstructive Pulmonary Disease. 

Journal of the American Medical Directors Association. 2017 Dec;18(12):1097.e11-

1097.e24.  

20.  He Y, Xie M, Zhao J, Liu X. Clinical Characteristics and Outcomes of Patients with 

Severe COVID-19 and Chronic Obstructive Pulmonary Disease (COPD). Med Sci 

Monit. 2020 Sep 4;26:e927212.  

21.  Wu F, Zhou Y, Wang Z, Xie M, Shi Z, Tang Z, Li X, Li X, Lei C, Li Y, Ni Z, Hu Y, Liu 

X, Yin W, Cheng L, Ye F, Peng J, Huang L, Tian J, Zhang L, Mo X, Zhang Y, Hu K, 

Jiang Y, Guan W, Xiang J, Liu Y, Peng Y, Wei L, Hu Y, Peng P, Wang J, Liu J, Huang 

W, Chen R, Zhao J, Li S, Zhang N, Zhao J, Zhong N, Ran P, Medical Treatment Expert 

Group for COPD and COVID-19. Clinical characteristics of COVID-19 infection in 

chronic obstructive pulmonary disease: a multicenter, retrospective, observational study. 

J Thorac Dis. 2020 May;12(5):1811–23.  

22.  Geurs TL, Hill EB, Lippold DM, French AR. Sex differences in murine susceptibility to 

systemic viral infections. Journal of Autoimmunity. 2012 May;38(2–3):J245–53.  

23.  Bwire GM. Coronavirus: Why Men are More Vulnerable to Covid-19 Than Women? SN 

Compr Clin Med. 2020 Jul;2(7):874–6.  

24.  Pradhan A, Olsson PE. Sex differences in severity and mortality from COVID-19: are 

males more vulnerable? Biol Sex Differ. 2020 Dec;11(1):53.  

25.  Nwaru CA, Santosa A, Franzén S, Nyberg F. Occupation and COVID-19 diagnosis, 

hospitalisation and ICU admission among foreign-born and Swedish-born employees: a 

register-based study. J Epidemiol Community Health. 2022 May;76(5):440–7.  

26.  Bergman J, Ballin M, Nordström A, Nordström P. Risk factors for COVID-19 diagnosis, 

hospitalization, and subsequent all-cause mortality in Sweden: a nationwide study. Eur J 

Epidemiol. 2021 Mar;36(3):287–98.  

27.  Hayward SE, Deal A, Cheng C, Crawshaw A, Orcutt M, Vandrevala TF, Norredam M, 

Carballo M, Ciftci Y, Requena-Méndez A, Greenaway C, Carter J, Knights F, Mehrotra 

A, Seedat F, Bozorgmehr K, Veizis A, Campos-Matos I, Wurie F, McKee M, Kumar B, 

Hargreaves S. Clinical outcomes and risk factors for COVID-19 among migrant 

populations in high-income countries: A systematic review. Journal of Migration and 

Health. 2021;3:100041.  

28.  Guo Y, Zhang T, Wang Z, Yu F, Xu Q, Guo W, Wu C, He J. Body mass index and 

mortality in chronic obstructive pulmonary disease: A dose–response meta-analysis. 

Medicine. 2016 Jul;95(28):e4225.  

29.  Eriksson B, Backman H, Bossios A, Bjerg A, Hedman L, Lindberg A, Rönmark E, 

Lundbäck B. Only severe COPD is associated with being underweight : results from a 

population survey. ERJ Open Res. 2016 Jul;2(3):00051–2015.  



 

30.  Al-Benna S. Association of high level gene expression of ACE2 in adipose tissue with 

mortality of COVID-19 infection in obese patients. Obesity Medicine. 2020 

Sep;19:100283.  

31.  Dana R, Bannay A, Bourst P, Ziegler C, Losser MR, Gibot S, Levy B, Audibert G, 

Ziegler O. Obesity and mortality in critically ill COVID-19 patients with respiratory 

failure. Int J Obes [Internet]. 2021 Jun 10 [cited 2021 Aug 18]; Available from: 

http://www.nature.com/articles/s41366-021-00872-9 

32.  Schultze A, Walker AJ, MacKenna B, Morton CE, Bhaskaran K, Brown JP, Rentsch CT, 

Williamson E, Drysdale H, Croker R, Bacon S, Hulme W, Bates C, Curtis HJ, Mehrkar 

A, Evans D, Inglesby P, Cockburn J, McDonald HI, Tomlinson L, Mathur R, Wing K, 

Wong AYS, Forbes H, Parry J, Hester F, Harper S, Evans SJW, Quint J, Smeeth L, 

Douglas IJ, Goldacre B. Risk of COVID-19-related death among patients with chronic 

obstructive pulmonary disease or asthma prescribed inhaled corticosteroids: an 

observational cohort study using the OpenSAFELY platform. The Lancet Respiratory 

Medicine. 2020 Nov;8(11):1106–20.  

33.  Sen P, Majumdar U, Zein J, Hatipoğlu U, Attaway AH. Inhaled corticosteroids do not 

adversely impact outcomes in COVID-19 positive patients with COPD: An analysis of 

Cleveland Clinic’s COVID-19 registry. Loukides S, editor. PLoS ONE. 2021 Jun 

3;16(6):e0252576.  

34.  Westreich D, Greenland S. The Table 2 Fallacy: Presenting and Interpreting Confounder 

and Modifier Coefficients. American Journal of Epidemiology. 2013 Feb 

15;177(4):292–8.  

35.  Tan JY, Conceicao EP, Wee LE, Sim XYJ, Venkatachalam I. COVID-19 public health 

measures: a reduction in hospital admissions for COPD exacerbations. Thorax. 2021 

May;76(5):512–3.  

36.  Benowitz NL, Goniewicz ML, Halpern-Felsher B, Krishnan-Sarin S, Ling PM, O’Connor 

RJ, Pentz MA, Robertson RM, Bhatnagar A. Tobacco product use and the risks of 

SARS-CoV-2 infection and COVID-19: current understanding and recommendations 

for future research. The Lancet Respiratory Medicine. 2022 Sep;10(9):900–15.  

 

  



 

 

 
Figure 1. Illustration of cohort design for evaluation and follow-up of the study population 

  



 

 
Figure 2. Adjusted hazard ratios with 95% confidence intervals for 

associations between sociodemographic factors and four COVID-19 

outcomes (infection, hospitalization, intensive care unit (ICU) admission 

and death), by vaccination status, in a population-based COPD cohort in 

Sweden from 1 Jan 2020 to 30 Nov 2021. Note: hazard ratios for ICU 

admissions during the vaccinated follow-up period not estimated due to 

the small case numbers. 

  



 

 
Figure 3. Adjusted hazard ratios with 95% confidence intervals for 

associations between comorbidities and four COVID-19 outcomes 

(infection, hospitalization, intensive care unit (ICU) admission and death), 

by vaccination status, in a population-based COPD cohort in Sweden from 

1 Jan 2020 to 30 Nov 2021. Note: hazard ratios for ICU admissions during 

the vaccinated follow-up period not estimated due to the small case 

numbers. 

  



 

 
Figure 4. Adjusted hazard ratios with 95% confidence intervals for 

associations between prescribed medications and four COVID-19 

outcomes (infection, hospitalization, intensive care unit (ICU) admission 

and death), by vaccination status, in a population-based COPD cohort in 

Sweden from 1 Jan 2020 to 30 Nov 2021. Note: hazard ratios for ICU 

admissions during the vaccinated follow-up period not estimated due to 

the small case numbers. 

  



 

 
Figure 5. Adjusted hazard ratios with 95% confidence intervals for 

associations between clinical characteristics and four COVID-19 outcomes 

(infection, hospitalization, intensive care unit (ICU) admission and death), 

by vaccination status, in a population-based COPD cohort in Sweden from 

1 Jan 2020 to 30 Nov 2021. Note: hazard ratios for ICU admissions during 

the vaccinated follow-up period not estimated due to the small case 

numbers. 
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Table E1. Exposures and covariates selected for study in the evaluation of characteristics and risk factors for COVID-19 outcomes in a Swedish 

population-based cohort of COPD patients on 1 Jan 2020. 

 

Covariate Units and Categories Source and definition Lookback 

window before 

index date 

Comorbidity Units/Categories Register source; Description   

Age As a continuous variable and 

in 10-year categories 

RTB 2 years 

Sex Male, female RTB 2 years 

Region of birth Sweden, Nordic, EU, Non-EU RTB 2 years 

Education Primary, secondary, and 

higher 

LISA; Primary education included pre-secondary education 

shorter than 9 years, equal to 9 years or more than 9 years. 

Secondary educated included 2-year high school education, 

secondary education shorter than 3 years or longer than 3 

years, and higher education included those with post-high-

school education 

2 years 

Employment status Unemployed (40-64 years),  

employed (40-64 years),  

employed (65+ years) and 

retired (65+ years)  

Created using the LISA variable "employment” and stratified 

by age where; “employed” were either employed or with 

entrepreneurial income, and “unemployed” were the 

unemployed and without entrepreneurial income. This 

variable was further grouped by age that included: 

unemployed and unemployed aged 40-64 years; employed 

65+ and retired 65+.  

2 years 

Marital status Married and 

non-married 

LISA; derived from “Civil Status” from the LISA register. A 

binary variable was then created which grouped individuals as 

either married (including the married, and those with a 

registered partner) and not married (divorced/separated, 

divorced partner, widow(er), and surviving partner) 

2 years 

Smoking Never smoker 

Former smoker 

SNAR; available as a variable in the SNAR dataset that was 

not measured for all visits that the patients made to the 

5 years 



Current smoker healthcare facilities, and therefore, the last observed smoking 

status before index was used for this variable. Never smokers 

had never been smokers; former smokers quit smoking for at 

least 6 months; current smokers includes infrequent (non-

daily smokers) and frequent smokers (1 to >20 cigarettes 

daily). 

Comorbidity Units/Categories Register source; ICD Codes  

Overall cardiovascular 

disease 

Yes/No NPR; I00-I99 5 years 

Hypertension Yes/No NPR; I10-I15 

 

5 years 

Heart failure Yes/No NPR; I50 5 years 

Type 1 diabetes Yes/No NPR; E10 5 years 

Type 2 diabetes Yes/No NPR; E11 5 years 

Asthma Yes/No NPR; J45 5 years 

Respiratory failure Yes/No NPR; J96 5 years 

Interstitial lung disease Yes/No NPR; J84 5 years 

Sleep apnea syndromes Yes/No SNAR variable 5 years 

Chronic kidney disease Yes/No NPR; N184 N185 Z992 5 years 

Autoimmune disease Yes/No NPR; M05-M14 5 years 

Cancer 

 

Yes/No NPR; C00-C97 

 

5 years 

Depression Yes/No NPR; F32, F33 5 years 

Anxiety Yes/No NPR; F41 5 years 

Psychiatric disorders Yes/No NPR; F20 F21 F22 F23 F24 F25 F26 F27 F28 F29 F30 F31 

F32 F33 F34 F35 F36 F37 F38 F39 

5 years 

Medications Units/Categories NPDR; ATC Codes  

Inhaled corticosteroids Yes/No R03BA, R03AK , R03AL08, R03AL09 1 year 

Oral corticosteroids Yes/No H02AB 1 year 

Inhaled SABA Yes/No R03AC02, R03AC03  1 year 



Inhaled LABA 

Yes/No R03AC12, R03AK06, R03AC13, R03AK07, R03AK08, 

R03AK11, R03AL05, R03AL07, R03AL09, R03AL11, 

R03AC19, R03AL06, R03AC18, R03AK14, R03AK10 

1 year 

Inhaled SAMA Yes/No R03BB01, R03AL02 1 year 

Inhaled LAMA Yes/No 

R03BB04, R03AL06, R03BB05, R03AL05, R03BB06, 

R03AL12, R03AL11, R03AL09, R03AL07, R03AL04, 

R03BB07, R03AL03, R03AL08 

1 year 

Xanthines Yes/No R03DA04 1 year 

LTRA Yes/No R03DC03 1 year 

Phospodiesterase 4 

inhibitors 

Yes/No R03DX07 

 

1 year 

Statins Yes/No C10AA 1 year 

ACEIs Yes/No C09A, C09B 1 year 

ARBs 

 

Yes/No C09C, C09D 

 

1 year 

 

Antidepressants Yes/No N06A 1 year 

Vaccination 
Yes/No Source: National vaccination register held by the Public Health 

Agency of Sweden; Vaccine types: BNT162b2, mRNA-1273 or 

AZD1222. 

After index 

Clinical 

measurements 

Categories Source; Description  

GOLD Classification A = Mild, B = Moderate, C = 

Severe, D = Very severe 

SNAR; GOLD ABCD classifications were created from 

SNAR data on number of total and hospitalized exacerbations 

in the year prior to index date, CAT and mMRC scores [E7]. 

A patient with one non-hospitalized exacerbation in the year 

before index date qualified for GOLD A or B, while GOLD C 

and D had ≥ 2 exacerbations or ≥ 1 hospitalized exacerbation 

in the prior year. GOLD A and C included patients who had a 

low symptom burden from CAT (<10) or a lower score on the 

mMRC scale (0-1), while GOLD B and D had higher 

symptom burden (CAT ≥10 or mMRC ≥2). 

 

5 years 



mMRC Categorical variables 

numbered on a scale of 0 to 4 

 

SNAR; defined as the most recent observations of the 

modified Medical Research Council dyspnea scale (mMRC). 

The scale is similar to the guidelines in the Global Inititative 

for Chronic Obstructive Lung Disease:  

0 = Breathlessness with strenuous exercise; 

1 = Breathlessness when climbing a slight hill; 

2 = Breathlessness leads to slower walk than people of the 

same age with stops to catch breath when walking alone; 

3 = Stopping for breath after walking 100 meters; and 

4 = Too breathless to leave the house. 

5 years 

CAT 

Continuous variable 

categorized into a binary 

variable <10 and ≥ 10 

SNAR; defined as the most recent observations of the 

combined COPD assessment test (CAT). 

Used as a binary variable with a cutoff at CAT ≥ 10: 

 <10 = lower symptom burden; and ≥ 10 higher symptom 

burden. 

5 years 

Spirometry 

Categorical variable with 

levels; 

 ≥ 80 (GOLD stage 1),  

50-79 (GOLD stage 2),  

30-49 (GOLD stage 3) and  

<30 (GOLD stage 4) 

SNAR; Forced Expiratory Volume in one second, percent of 

predicted (FEV1% predicted) 

5 years 

Body mass index 

(BMI) 

Continuous variable SNAR; available as a variable in the SNAR dataset that was 

not measured for all visits that the patients made to the 

healthcare facilities, and therefore, the last observed BMI 

value before index was used for this variable, with units in 

kg/m2.  

5 years 

BMI categories 

 

Underweight, Normal, 

Overweight, Obese 

 

SNAR; This variable was created by grouping the last 

observed BMI values into four categories according to the 

WHO BMI classification as “underweight” (BMI < 18.5), 

“normal” (BMI =18.5 to 24.0), “overweight” (BMI = 25.0 to 

29.9) and “obese” (BMI above 30). 

5 years 



 

 

RTB = register of total populations; LISA = longitudinal integrated database for health insurance and labor market studies; SNAR = Swedish national airways register; 

NPR = National Patient Register; NPDR = National Prescribed Drugs Register; ICD-10 = International Classification of Diseases, revision 10 ; ATC = anatomical 

therapeutic chemical; SABA = short-acting bronchodilator agonists; LABA = long-acting bronchodilator agonists; SAMA = short-acting muscarinic antagonists; 

LAMA = long-acting muscarinic antagonists; LTRA = leukotriene receptor antagonists; ACE = angiotensin converting enzyme inhibitors; ARB = angiotensin receptor 

blockers; GOLD = Global initiative of chronic obstructive pulmonary disease; mMRC = modified Medical Research Council dyspnea scale; CAT =  COPD 

Assessment Test ; BMI = body mass index;  WHO = world health organization.  

 

  



Table E2. Prescribed medications taken in the year before 1 Jan 2020 by a population-based cohort of COPD patients (≥40 years) in Sweden , and by 

individuals with four different COVID-19 outcome events that occurred during unvaccinated and vaccinated follow-up time from 1 Jan 2020 to 30 Nov 

2021 in that cohort. 

 
 Total COPD 

cohort  

N = 87472 

COPD patients with COVID-19 outcomes during vaccinated and unvaccinated follow-up time† 

  
 

Infected Hospitalized ICU admitted Death 

  
 

Unvaccinated Vaccinated Unvaccinated Vaccinated Unvaccinated Vaccinated Unvaccinated Vaccinated 

 N (%) (Vaccinated by 

end of follow-

up 

N= 77355) 

 N = 6068 N = 703  N = 2649 N = 248   N = 221 N = 12   N = 803 N = 79 

  Inhaled corticosteroids 41783 (47.8)  3208 (52.9)  379 (53.9)  1507 (56.9)  140 (56.5)  128 (57.9)  10 (83.3)  463 (57.7)  46 (58.2)  

  Oral corticosteroids 21275 (24.3)  1695 (27.9)  197 (28.0)   830 (31.3)   76 (30.6)   68 (30.8)   6 (50.0)  228 (28.4)  26 (32.9)  

  Inhaled SABA 37018 (42.3)  2734 (45.1)  311 (44.2)  1233 (46.5)  110 (44.4)  111 (50.2)   8 (66.7)  358 (44.6)  33 (41.8)  

  Inhaled LABA 42120 (48.2)  3106 (51.2)  361 (51.4)  1490 (56.2)  136 (54.8)  128 (57.9)  10 (83.3)  462 (57.5)  42 (53.2)  

  Inhaled SAMA  3502 (4.0)   382 (6.3)   36 (5.1)   219 (8.3)   18 (7.3)   13 (5.9)   0 (0.0)   93 (11.6)   5 (6.3)  

  Inhaled LAMA 49626 (56.7)  3470 (57.2)  408 (58.0)  1701 (64.2)  156 (62.9)  142 (64.3)   7 (58.3)  503 (62.6)  46 (58.2)  

  Xanthines   158 (0.2)    11 (0.2)    2 (0.3)     8 (0.3)    0 (0.0)    1 (0.5)   0 (0.0)    2 (0.2)   0 (0.0)  

  LTRA  2426 (2.8)   196 (3.2)   26 (3.7)    75 (2.8)    7 (2.8)    7 (3.2)   0 (0.0)   23 (2.9)   0 (0.0)  

  PDE4   910 (1.0)    68 (1.1)   17 (2.4)    40 (1.5)   12 (4.8)    1 (0.5)   0 (0.0)   15 (1.9)   2 (2.5)  

  Statins 33040 (37.8)  2233 (36.8)  272 (38.7)  1131 (42.7)  118 (47.6)  106 (48.0)   6 (50.0)  342 (42.6)  33 (41.8)  

  ACEIs 18181 (20.8)  1288 (21.2)  150 (21.3)   655 (24.7)   65 (26.2)   57 (25.8)   5 (41.7)  207 (25.8)  24 (30.4)  

  ARB 24059 (27.5)  1611 (26.5)  199 (28.3)   791 (29.9)   77 (31.0)   79 (35.7)   3 (25.0)  210 (26.2)  16 (20.3)  

  Antidepressants 20797 (23.8)  1719 (28.3)  207 (29.4)   773 (29.2)   74 (29.8)   56 (25.3)   1 (8.3)  285 (35.5)  22 (27.8)  

 



ICU = intensive care unit; SABA = short-acting bronchodilator agonists; LABA = long-acting bronchodilator agonists; SAMA = short-acting muscarinic antagonists; 

LAMA = long-acting muscarinic antagonists; LTRA = leukotriene receptor antagonists; PDE-4 = phosphodiesterase-4 inhibitors; ACE = angiotensin converting 

enzyme inhibitors; ARB = angiotensin receptor blockers. 

 
  



Table E3. Association between sociodemographics, comorbidities, prescribed medications and clinical characteristics of a population-based COPD 

cohort in Sweden and four COVID-19 outcomes – infection and  hospitalization (E3a), and intensive care unit (ICU) admission and death (E3b) - that 

occurred during unvaccinated follow-up time from 1 Jan 2020 until 30 Nov 2021. 

E3a) 

 COVID-19 infection COVID-19 hospitalization 

Total number of events 6068 2649 

Person years 106981 108282 

 Unadj. HR [95% CI] p-

value 

Adj. HR [95% CI] 

* 

p-

value 

Unadj. HR [95% CI] p-

value 

Adj.HR [95% CI] 

* 

p-value 

Sociodemographics 
        

Age categories †  
        

    40-49  Ref. 40-49 
 

Ref. 40-49 
 

Ref. 40-49 
 

Ref. 40-49 
 

    50-59 0.95 [0.79-1.14] 0.571 0.92 [0.76-1.10] 0.367 2.15 [1.16-3.98] 0.015 1.90 [1.02-3.52] 0.042 

    60-69 0.67 [0.56-0.80] <0.001 0.60 [0.50-0.71] <0.001 2.93 [1.61-5.32] <0.001 2.29 [1.26-4.17] 0.007 

    70-79 0.55 [0.47-0.66] <0.001 0.43 [0.36-0.52] <0.001 4.15 [2.29-7.53] <0.001 2.76 [1.52-5.01] 0.001 

    80-89 0.86 [0.72-1.02] 0.082 0.61 [0.50-0.73] <0.001 6.87 [3.78-12.48] <0.001 4.08 [2.24-7.43] <0.001 

    90+ 1.59 [1.29-1.97] <0.001 1.05 [0.83-1.32] 0.703 11.42 [6.16-21.2] <0.001 6.37 [3.39-11.97] <0.001 

Gender † 
        

    Male  Ref. 
 

Ref. 
 

Ref. 
 

Ref. 
 

    Female 0.87 [0.82-0.91] <0.001 0.88 [0.83-0.93] <0.001 0.73 [0.67-0.79] <0.001 0.73 [0.67-0.79] <0.001 

Education  a 
        

    Primary  Ref. 
 

Ref. 
 

Ref. 
 

Ref. 
 

    Secondary 0.97 [0.91-1.03] 0.292 0.99 [0.93-1.05] 0.755 0.83 [0.76-0.91] <0.001 0.94 [0.86-1.03] 0.196 

    Higher 0.87 [0.81-0.95] 0.001 0.88 [0.81-0.96] 0.004 0.72 [0.63-0.81] <0.001 0.79 [0.69-0.90] <0.001 

Marital status 
        

    Non-married  Ref. 
 

Ref. 
 

Ref. 
 

Ref. 
 

    Married 1.02 [0.97-1.08] 0.434 1.00 [0.95-1.06] 0.967 0.92 [0.85-1.00] 0.044 0.86 [0.78-0.93] 0.001 

Employment status  
        



  Unemployed (40-64 years)  Ref. 
 

Ref. 
 

Ref. 
 

Ref. 
 

  Employed (40-64 years) 1.43 [1.28-1.59] <0.001 1.40 [1.25-1.57] <0.001 0.61 [0.49-0.76] <0.001 0.69 [0.54-0.86] 0.001 

  Employed (65+ years) 0.85 [0.75-0.96] 0.007 0.89 [0.77-1.02] 0.104 1.06 [0.87-1.30] 0.536 0.80 [0.63-1.02] 0.068 

  Retired (65+ years) 0.99 [0.89-1.09] 0.793 0.94 [0.82-1.07] 0.324 1.66 [1.41-1.96] <0.001 1.01 [0.8-1.26] 0.956 

Region of birth 
        

  Sweden  Ref. 
 

Ref. 
 

Ref. 
 

Ref. 
 

  Nordic 1.11 [1.00-1.24] 0.046 1.11 [0.99-1.24] 0.07 1.22 [1.04-1.42] 0.012 1.23 [1.05-1.44] 0.012 

  Other EU 1.18 [1.03-1.35] 0.016 1.11 [0.96-1.28] 0.15 1.50 [1.25-1.80] <0.001 1.42 [1.17-1.73] <0.001 

  Non-EU 1.87 [1.73-2.03] <0.001 1.73 [1.59-1.89] <0.001 1.86 [1.65-2.10] <0.001 2.13 [1.87-2.42] <0.001 

Smoking † 
        

Never smoker  Ref. 
 

Ref. 
 

Ref. 
 

Ref. 
 

Former smoker 0.90 [0.84-0.97] 0.008 0.96 [0.89-1.04] 0.327 0.90 [0.81-1.00] 0.059 1.00 [0.89-1.11] 0.981 

Current smoker 0.61 [0.56-0.66] <0.001 0.62 [0.56-0.67] <0.001 0.48 [0.42-0.54] <0.001 0.62 [0.54-0.72] <0.001 

Comorbidities 
        

Overall cardiovascular disease 1.48 [1.40-1.56] <0.001 1.30 [1.20-1.42] <0.001 2.67 [2.45-2.92] <0.001 1.82 [1.6-2.08] <0.001 

Hypertension † 1.44 [1.36-1.52] <0.001 1.35 [1.27-1.43] <0.001 2.24 [2.07-2.43] <0.001 1.70 [1.55-1.86] <0.001 

Heart failure 1.95 [1.81-2.10] <0.001 1.62 [1.49-1.76] <0.001 3.13 [2.85-3.44] <0.001 2.00 [1.80-2.23] <0.001 

Type 1 diabetes 1.48 [1.21-1.81] <0.001 1.16 [0.94-1.43] 0.165 1.94 [1.49-2.53] <0.001 1.23 [0.93-1.62] 0.154 

Type 2 diabetes † 1.47 [1.37-1.58] <0.001 1.30 [1.20-1.40] <0.001 2.12 [1.93-2.34] <0.001 1.54 [1.38-1.72] <0.001 

Asthma 1.29 [1.19-1.41] <0.001 1.09 [1.00-1.19] 0.053 1.53 [1.36-1.72] <0.001 1.26 [1.11-1.43] <0.001 

Respiratory failure 2.02 [1.80-2.26] <0.001 1.78 [1.58-2.02] <0.001 3.23 [2.81-3.71] <0.001 2.51 [2.16-2.91] <0.001 

Interstitial lung disease 1.09 [0.77-1.56] 0.616 1.10 [0.77-1.56] 0.612 1.83 [1.21-2.76] 0.004 1.61 [1.07-2.43] 0.024 

Sleep apnea syndromes 1.15 [1.00-1.32] 0.043 0.98 [0.85-1.13] 0.745 1.41 [1.17-1.70] <0.001 1.11 [0.91-1.35] 0.288 

Chronic kidney disease 2.02 [1.67-2.45] <0.001 1.54 [1.25-1.90] <0.001 3.06 [2.42-3.87] <0.001 1.67 [1.29-2.17] <0.001 

Immunologic disease 0.99 [0.51-1.90] 0.974 0.67 [0.30-1.50] 0.335 1.74 [0.83-3.66] 0.143 1.06 [0.40-2.84] 0.903 

Autoimmune disease 1.45 [1.32-1.58] <0.001 1.31 [1.19-1.44] <0.001 1.96 [1.74-2.21] <0.001 1.51 [1.33-1.72] <0.001 

Cancer 1.12 [1.04-1.20] 0.003 1.06 [0.98-1.15] 0.145 1.45 [1.31-1.61] <0.001 1.13 [1.01-1.26] 0.029 



Depression  1.33 [1.18-1.50] <0.001 1.28 [1.13-1.46] <0.001 1.52 [1.28-1.80] <0.001 1.70 [1.42-2.04] <0.001 

Anxiety 1.26 [1.12-1.41] <0.001 1.18 [1.04-1.34] 0.011 1.39 [1.17-1.64] <0.001 1.53 [1.28-1.84] <0.001 

Psychiatric disease 1.33 [1.20-1.47] <0.001 1.32 [1.18-1.47] <0.001 1.44 [1.24-1.67] <0.001 1.74 [1.49-2.04] <0.001 

Prescribed medications 
        

Inhaled corticosteroids 1.27 [1.21-1.34] <0.001 1.21 [1.14-1.28] <0.001 1.48 [1.37-1.61] <0.001 1.38 [1.27-1.51] <0.001 

Oral corticosteroids 1.26 [1.19-1.34] <0.001 1.20 [1.13-1.28] <0.001 1.47 [1.35-1.60] <0.001 1.32 [1.21-1.45] <0.001 

Inhaled SABA 1.14 [1.08-1.20] <0.001 1.12 [1.06-1.18] <0.001 1.19 [1.10-1.29] <0.001 1.21 [1.11-1.32] <0.001 

Inhaled LABA 1.18 [1.12-1.24] <0.001 1.14 [1.07-1.20] <0.001 1.42 [1.31-1.54] <0.001 1.30 [1.20-1.42] <0.001 

Inhaled SAMA 1.89 [1.70-2.11] <0.001 1.62 [1.44-1.83] <0.001 2.47 [2.13-2.86] <0.001 2.01 [1.71-2.35] <0.001 

Inhaled LAMA 1.08 [1.03-1.15] 0.003 1.10 [1.04-1.16] 0.001 1.45 [1.33-1.57] <0.001 1.33 [1.22-1.46] <0.001 

Xanthines 1.13 [0.61-2.11] 0.693 1.03 [0.53-1.98] 0.934 2.05 [1.03-4.11] 0.042 1.71 [0.81-3.59] 0.157 

LTRA 1.16 [0.99-1.34] 0.062 1.04 [0.89-1.22] 0.593 1.09 [0.86-1.38] 0.477 1.08 [0.85-1.38] 0.521 

PDE4 1.17 [0.91-1.49] 0.218 1.11 [0.86-1.43] 0.417 1.48 [1.06-2.05] 0.02 1.37 [0.99-1.91] 0.059 

Statins 1.00 [0.95-1.06] 0.964 0.92 [0.86-0.98] 0.009 1.26 [1.17-1.37] <0.001 0.92 [0.84-1.01] 0.072 

ACEIs 1.06 [0.99-1.13] 0.079 0.98 [0.92-1.05] 0.646 1.29 [1.17-1.41] <0.001 1.04 [0.94-1.15] 0.44 

ARB 0.97 [0.91-1.03] 0.322 0.87 [0.81-0.93] <0.001 1.15 [1.05-1.25] 0.002 0.87 [0.79-0.95] 0.003 

Antidepressants 1.32 [1.24-1.40] <0.001 1.32 [1.24-1.41] <0.001 1.37 [1.25-1.49] <0.001 1.44 [1.31-1.59] <0.001 

Clinical measurements 
        

GOLD Classes b 
        

   Class A Ref. 
 

Ref. 
 

Ref. 
 

Ref. 
 

   Class B 1.10 [1.01-1.20] 0.027 1.08 [0.99-1.18] 0.098 1.52 [1.31-1.76] <0.001 1.41 [1.22-1.64] <0.001 

   Class C 1.22 [1.05-1.40] 0.008 1.19 [1.03-1.39] 0.018 1.58 [1.26-1.99] <0.001 1.51 [1.19-1.91] 0.001 

   Class D 1.37 [1.24-1.52] <0.001 1.31 [1.18-1.46] <0.001 2.09 [1.78-2.45] <0.001 1.92 [1.63-2.26] <0.001 

FEV1 % predicted c 
        

   >=80 Ref. 
 

Ref. 
 

Ref. 
 

Ref. 
 

   50-79 0.99 [0.91-1.09] 0.877 1.02 [0.93-1.11] 0.734 1.17 [1.01-1.37] 0.039 1.18 [1.01-1.38] 0.04 

   30-49 1.06 [0.95-1.17] 0.296 1.10 [0.99-1.23] 0.068 1.65 [1.40-1.95] <0.001 1.53 [1.29-1.82] <0.001 



   <30 1.17 [0.99-1.37] 0.062 1.19 [1.01-1.41] 0.038 2.10 [1.67-2.65] <0.001 2.03 [1.60-2.58] <0.001 

CAT 
        

   <10 
  

Ref. 
   

Ref. 
 

    ≥ 10 1.17 [1.11-1.25] <0.001 1.13 [1.07-1.21] <0.001 1.45 [1.32-1.60] <0.001 1.41 [1.28-1.56] <0.001 

mMRC dyspnea scale d 
      

Ref. 
 

0 Ref. 
 

Ref. 
 

Ref. 
   

1 1.04 [0.95-1.12] 0.407 1.02 [0.94-1.12] 0.585 1.08 [0.95-1.22] 0.266 1.02 [0.89-1.17] 0.769 

2 1.07 [0.98-1.18] 0.137 1.06 [0.96-1.17] 0.218 1.23 [1.07-1.42] 0.004 1.13 [0.98-1.32] 0.097 

3 1.21 [1.09-1.34] <0.001 1.14 [1.02-1.26] 0.017 1.59 [1.37-1.85] <0.001 1.37 [1.17-1.60] <0.001 

4 1.12 [1.00-1.25] 0.055 1.08 [0.96-1.21] 0.215 1.26 [1.06-1.50] 0.009 1.09 [0.91-1.31] 0.358 

Body mass index (BMI) e † 
        

   Underweight  1.15 [1.01-1.32] 0.032 1.21 [1.06-1.38] 0.005 1.44 [1.21-1.73] <0.001 1.54 [1.29-1.84] <0.001 

   Normal BMI Ref. 
 

Ref. 
 

Ref. 
 

Ref. 
 

   Overweight 1.05 [0.98-1.12] 0.158 1.02 [0.95-1.09] 0.637 0.92 [0.83-1.02] 0.125 0.88 [0.80-0.98] 0.019 

   Obese 1.17 [1.10-1.26] <0.001 1.10 [1.02-1.18] 0.011 1.23 [1.11-1.36] <0.001 1.19 [1.07-1.32] 0.001 

 

E3b) 

 COVID-19 ICU admission COVID-19 death 

Total number of events 221 803 

Person years 109272 109342          

 Unadj. HR [95% CI] p-

value 

Adj. HR [95% CI] 

* 

p-

value 

Unadj. HR [95% CI] p-

value 

Adj. HR [95% CI] 

* 

p-value 

Sociodemographics 
        

Age categories †  
        

    40-49  
        

    50-59 Ref. 50-59 
 

Ref. 50-59 
 

Ref. 50-59 
 

Ref. 50-59 
 

    60-69 1.31 [0.82-2.10] 0.251 1.09 [0.68-1.75] 0.724 3.51 [1.81-6.78] <0.001 2.66 [1.37-5.18] 0.004 



    70-79 1.25 [0.79-1.97] 0.333 0.92 [0.57-1.48] 0.735 7.92 [4.2-14.94] <0.001 5.27 [2.78-9.99] <0.001 

    80-89 0.46 [0.23-0.89] 0.021 0.31 [0.15-0.63] 0.001 21.44 [11.37-40.43] <0.001 13.04 [6.85-24.85] <0.001 

    90+ 
    

43.55 [22.31-85.02] <0.001 24.3 [12.10-48.80] <0.001 

Gender † 
        

    Male  Ref. 
 

Ref. 
 

Ref. 
 

Ref. 
 

    Female 0.58 [0.44-0.76] <0.001 0.64 [0.48-0.86] 0.003 0.65 [0.56-0.76] <0.001 0.63 [0.54-0.75] <0.001 

Education  a 
        

    Primary  Ref. 
 

Ref. 
 

Ref. 
 

Ref. 
 

    Secondary 0.74 [0.54-1.00] 0.053 0.74 [0.54-1.02] 0.067 0.70 [0.60-0.82] <0.001 0.92 [0.77-1.09] 0.316 

    Higher 0.73 [0.48-1.10] 0.132 0.73 [0.48-1.13] 0.159 0.54 [0.43-0.69] <0.001 0.66 [0.51-0.85] 0.001 

Marital status 
        

    Non-married  Ref. 
 

Ref. 
 

Ref. 
 

Ref. 
 

    Married 1.21 [0.92-1.6] 0.169 1.04 [0.78-1.39] 0.804 0.81 [0.69-0.94] 0.007 0.75 [0.63-0.89] 0.001 

Employment status  
        

  Unemployed (40-64 years)  Ref. 
 

Ref. 
 

Ref. 
 

Ref. 
 

  Employed (40-64 years) 0.51 [0.28-0.93] 0.029 0.47 [0.25-0.87] 0.017 0.29 [0.14-0.62] 0.001 0.40 [0.18-0.87] 0.021 

  Employed (65+ years) 1.09 [0.65-1.84] 0.749 1.27 [0.67-2.42] 0.471 1.35 [0.81-2.27] 0.253 0.74 [0.39-1.41] 0.353 

  Retired (65+ years) 0.84 [0.54-1.33] 0.459 1.22 [0.66-2.26] 0.519 4.32 [2.79-6.69] <0.001 1.64 [0.91-2.99] 0.102 

Region of birth 
        

  Sweden  Ref. 
 

Ref. 
 

Ref. 
 

Ref. 
 

  Nordic 1.56 [0.94-2.59] 0.085 1.48 [0.86-2.53] 0.155 1.30 [0.99-1.69] 0.056 1.19 [0.89-1.60] 0.233 

  Other EU 2.66 [1.58-4.48] <0.001 2.49 [1.45-4.27] 0.001 1.59 [1.15-2.19] 0.005 1.30 [0.91-1.86] 0.15 

  Non-EU 3.18 [2.24-4.50] <0.001 2.66 [1.83-3.87] <0.001 1.10 [0.84-1.44] 0.489 1.29 [0.96-1.75] 0.09 

Smoking † 
        

Never smoker  Ref. 
 

Ref. 
 

Ref. 
 

Ref. 
 

Former smoker 1.05 [0.72-1.53] 0.79 0.98 [0.67-1.43] 0.917 0.80 [0.66-0.97] 0.026 1.00 [0.82-1.21] 0.961 

Current smoker 0.41 [0.26-0.67] <0.001 0.41 [0.25-0.67] <0.001 0.41 [0.32-0.53] <0.001 0.76 [0.59-0.98] 0.032 



Comorbidities 
        

Overall cardiovascular disease 1.90 [1.43-2.53] <0.001 1.85 [1.22-2.81] 0.004 5.30 [4.35-6.45] <0.001 2.80 [2.16-3.64] <0.001 

Hypertension † 1.72 [1.30-2.27] <0.001 1.34 [0.98-1.84] 0.065 3.41 [2.92-3.98] <0.001 2.12 [1.78-2.52] <0.001 

Heart failure 1.88 [1.29-2.74] 0.001 1.36 [0.90-2.04] 0.145 5.06 [4.33-5.91] <0.001 2.55 [2.13-3.05] <0.001 

Type 1 diabetes 1.63 [0.60-4.37] 0.336 0.95 [0.35-2.60] 0.918 2.68 [1.77-4.07] <0.001 1.71 [1.11-2.63] 0.015 

Type 2 diabetes † 2.24 [1.62-3.10] <0.001 1.66 [1.15-2.37] 0.006 2.54 [2.15-3.01] <0.001 1.72 [1.42-2.08] <0.001 

Asthma 1.69 [1.15-2.49] 0.008 1.36 [0.90-2.04] 0.145 1.70 [1.38-2.09] <0.001 1.32 [1.05-1.66] 0.018 

Respiratory failure 2.19 [1.25-3.84] 0.006 1.9 [1.05-3.45] 0.034 4.14 [3.30-5.20] <0.001 2.77 [2.15-3.58] <0.001 

Interstitial lung disease 0.95 [0.13-6.79] 0.961 0.9 [0.13-6.41] 0.914 2.93 [1.61-5.31] <0.001 2.37 [1.30-4.30] 0.005 

Sleep apnea syndromes 2.69 [1.66-4.37] <0.001 1.54 [0.93-2.54] 0.092 1.19 [0.82-1.72] 0.361 1.06 [0.72-1.55] 0.777 

Chronic kidney disease 2.58 [1.06-6.28] 0.036 1.19 [0.38-3.76] 0.769 4.95 [3.52-6.95] <0.001 2.21 [1.52-3.23] <0.001 

Immunologic disease NA NA NA 
 

2.51 [0.81-7.80] 0.112 1.04 [0.15-7.43] 0.966 

Autoimmune disease 1.32 [0.81-2.14] 0.262 1.11 [0.66-1.87] 0.682 2.77 [2.28-3.36] <0.001 1.95 [1.58-2.41] <0.001 

Cancer 0.99 [0.66-1.48] 0.961 0.92 [0.60-1.41] 0.705 1.61 [1.34-1.93] <0.001 1.07 [0.88-1.30] 0.513 

Depression  1.88 [1.11-3.18] 0.019 1.96 [1.13-3.40] 0.017 1.63 [1.20-2.20] 0.002 2.01 [1.45-2.80] <0.001 

Anxiety 1.58 [0.92-2.71] 0.101 1.69 [0.95-30.0] 0.072 1.51 [1.12-2.04] 0.007 1.66 [1.18-2.33] 0.004 

Psychiatric disease 1.46 [0.89-2.41] 0.133 1.54 [0.92-2.60] 0.103 1.68 [1.31-2.17] <0.001 2.37 [1.80-3.13] <0.001 

Prescribed medications 
        

Inhaled corticosteroids 1.56 [1.18-2.06] 0.002 1.45 [1.09-1.94] 0.012 1.55 [1.33-1.80] <0.001 1.42 [1.20-1.66] <0.001 

Oral corticosteroids 1.42 [1.06-1.92] 0.021 1.39 [1.02-1.89] 0.038 1.32 [1.12-1.55] 0.001 1.11 [0.93-1.32] 0.261 

Inhaled SABA 1.39 [1.06-1.83] 0.019 1.32 [1.00-1.76] 0.054 1.12 [0.96-1.29] 0.146 1.20 [1.03-1.41] 0.023 

Inhaled LABA 1.51 [1.15-2.00] 0.004 1.50 [1.12-2.01] 0.007 1.49 [1.28-1.73] <0.001 1.31 [1.12-1.54] 0.001 

Inhaled SAMA 1.58 [0.86-2.90] 0.14 1.68 [0.91-3.10] 0.096 3.64 [2.90-4.57] <0.001 2.45 [1.89-3.18] <0.001 

Inhaled LAMA 1.60 [1.20-2.15] 0.002 1.66 [1.22-2.27] 0.001 1.40 [1.20-1.64] <0.001 1.20 [1.01-1.41] 0.037 

Xanthines 3.07 [0.43-21.89] 0.263 2.90 [0.41-20.79] 0.289 1.71 [0.43-6.85] 0.449 0.86 [0.12-6.15] 0.884 

LTRA 1.24 [0.59-2.65] 0.569 0.91 [0.40-2.06] 0.825 1.13 [0.74-1.72] 0.584 1.25 [0.80-1.96] 0.322 

PDE4 0.49 [0.07-3.47] 0.472 0.43 [0.06-3.04] 0.395 2.08 [1.25-3.47] 0.005 1.79 [1.03-3.10] 0.039 



Statins 1.54 [1.17-2.03] 0.002 1.17 [0.86-1.61] 0.312 1.34 [1.15-1.55] <0.001 0.88 [0.74-1.04] 0.124 

ACEIs 1.43 [1.05-1.96] 0.022 1.19 [0.86-1.65] 0.298 1.39 [1.18-1.65] <0.001 1.03 [0.86-1.23] 0.775 

ARB 1.57 [1.18-2.09] 0.002 1.13 [0.83-1.54] 0.446 0.97 [0.82-1.14] 0.676 0.64 [0.53-0.77] <0.001 

Antidepressants 1.24 [0.91-1.69] 0.18 1.32 [0.95-1.83] 0.094 1.78 [1.52-2.08] <0.001 1.92 [1.62-2.27] <0.001 

Clinical measurements 
        

GOLD Classes b 
        

   Class A Ref. 
 

Ref. 
 

Ref. 
 

Ref. 
 

   Class B 1.64 [0.97-2.78] 0.064 1.73 [1.01-2.97] 0.046 1.67 [1.24-2.25] 0.001 1.58 [1.15-2.16] 0.004 

   Class C 1.78 [0.80-3.97] 0.157 1.69 [0.73-3.93] 0.219 1.40 [0.86-2.29] 0.18 1.36 [0.80-2.30] 0.256 

   Class D 2.48 [1.41-4.39] 0.002 2.67 [1.48-4.78] 0.001 2.69 [1.96-3.70] <0.001 2.39 [1.71-3.35] <0.001 

FEV1 % predicted c 
        

   >=80 Ref. 
 

Ref. 
 

Ref. 
 

Ref. 
 

   50-79 0.60 [0.40-0.90] 0.014 0.54 [0.35-0.83] 0.004 1.27 [0.93-1.73] 0.134 1.24 [0.91-1.70] 0.175 

   30-49 0.52 [0.31-0.89] 0.016 0.54 [0.31-0.92] 0.024 1.61 [1.14-2.26] 0.006 1.39 [0.98-1.96] 0.064 

   <30 0.69 [0.29-1.63] 0.395 0.81 [0.34-1.97] 0.65 1.97 [1.21-3.18] 0.006 1.93 [1.17-3.18] 0.01 

CAT 
        

   <10 
  

Ref. 
   

Ref. 
 

    ≥ 10 1.78 [1.27-2.51] 0.001 1.74 [1.22-2.47] 0.002 1.48 [1.24-1.76] <0.001 1.43 [1.18-1.72] <0.001 

mMRC dyspnea scale d 
        

0 Ref. 
 

Ref. 
 

Ref. 
 

Ref. 
 

1 1.47 [0.93-2.34] 0.102 1.58 [0.96-2.59] 0.071 1.16 [0.91-1.47] 0.237 1.08 [0.83-1.40] 0.581 

2 1.31 [0.78-2.22] 0.306 1.32 [0.75-2.30] 0.335 1.22 [0.93-1.59] 0.153 1.10 [0.82-1.46] 0.539 

3 1.75 [1.02-3.02] 0.042 1.86 [1.05-3.28] 0.034 1.67 [1.27-2.21] <0.001 1.38 [1.03-1.86] 0.034 

4 1.22 [0.63-2.35] 0.558 1.13 [0.56-2.29] 0.735 1.45 [1.05-1.99] 0.022 1.25 [0.90-1.74] 0.19 

Body mass index (BMI) e † 
        

   Underweight  1.13 [0.39-3.21] 0.824 1.27 [0.44-3.62] 0.656 1.55 [1.15-2.09] 0.004 1.69 [1.25-2.29] 0.001 

   Normal BMI Ref. 
 

Ref. 
 

Ref. 
 

Ref. 
 



   Overweight 2.78 [1.80-4.28] <0.001 2.47 [1.60-3.81] <0.001 0.77 [0.64-0.92] 0.005 0.75 [0.62-0.90] 0.003 

   Obese 4.29 [2.82-6.55] <0.001 3.52 [2.29-5.40] <0.001 1.01 [0.84-1.21] 0.949 1.07 [0.88-1.30] 0.483 

 

adj.HR = adjusted hazard ratios; CI = confidence interval; EU=Europe; Ref=Reference group; 

ACE = angiotensin converting enzyme inhibitors; ARB = angiotensin receptor blockers; SABA= short-acting bronchodilator agonists; LABA= long-acting 

bronchodilator agonists; SAMA = short-acting muscarinic antagonists; LAMA = long-acting muscarinic antagonists; LTRA=leukotriene receptor antagonists; PDE-4 

= phosphodiesterase-4 inhibitors. GOLD = global initiative for chronic obstructive lung disease; FEV1=forced expiratory volume in 1 second; ICU = intensive care 

unit; CAT = chronic obstructive pulmonary disease assessment test; mMRC = modified Medical Research Council; NA= Not applicable 

 

* Models adjusted for age, sex, smoking, BMI, diabetes, and hypertension. Models have reduced sample size due to missing values, see table E6.  

† Models including the same variable are not adjusted for it. 

 
a Significant trend across education levels for COVID-19 hospitalization (p < 0.001) and death (p < 0.001). 
b Significant trend across GOLD ABCD for COVID-19 hospitalization (p < 0.001) and death (p = 0.001). 
c Significant trend across FEV1 % predicted levels for COVID-19 infection (p = 0.011), hospitalization (p < 0.001) and ICU admission (p < 0.001). 
d Significant trend across mMRC dyspnea scale for COVID-19 infection (p < 0.001) 
e Significant trend across BMI levels categories for COVID-19 infection (p < 0.001), hospitalization (p < 0.001) and ICU admission (p < 0.001). 

 



Table E4 Association between sociodemographics, comorbidities, prescribed medications and clinical characteristics of a population-based COPD cohort in 

Sweden and four COVID-19 outcomes (infection, hospitalization, intensive care unit (ICU) admission and death) that occurred during unvaccinated follow-up 

time from from 1 Jan 2020 until 30 Nov 2021 from a multivariable regression model containing all investigated characteristics except GOLDa and FEV1
a. 

  
COVID-19 infection COVID-19 hospitalization COVID-19 ICU admission COVID-19 death 

Total number of events 6068 2649 221 803 

Person years 106981 108282 109272 109342 
 

Adj. HR [95% 

CI] * 

p-

value 

Adj.HR [95% CI] 

* 

p-

value 

Adj. HR [95% CI] 

* 

p-

value 

Adj. HR [95% CI] * p-

value 

Sociodemographics         

Age categories    
        

    40-49  Ref. 40-49 
 

Ref. 40-49 
     

    50-59 0.98 [0.82-1.18] 0.855 1.88 [1.01-3.49] 0.045 Ref. 50-59 
 

Ref. 50-59 
 

    60-69 0.79 [0.66-0.96] 0.017 2.09 [1.13-3.86] 0.019 0.72 [0.39-1.35] 0.312 1.77 [0.79-3.97] 0.163 

    70-79 0.68 [0.55-0.84] <0.001 2.44 [1.30-4.59] 0.006 0.52 [0.25-1.09] 0.083 2.56 [1.08-6.08] 0.033 

    80-89 0.94 [0.75-1.17] 0.557 3.44 [1.82-6.50] <0.001 0.18 [0.07-0.46] <0.001 5.75 [2.41-13.72] <0.001 

    90+ 1.54 [1.19-2.01] 0.001 4.94 [2.54-9.62] <0.001 
  

10.04 [4.03-24.98] <0.001 

Gender  
        

    Male  Ref. 
 

Ref. 
 

Ref. 
 

Ref. 
 

    Female 0.87 [0.82-0.93] <0.001 0.69 [0.63-0.75] <0.001 0.66 [0.48-0.90] 0.009 0.53 [0.44-0.63] <0.001 

Education   
        

    Primary  Ref. 
 

Ref. 
 

Ref. 
 

Ref. 
 

    Secondary 1.00 [0.94-1.07] 0.961 0.97 [0.88-1.07] 0.541 0.80 [0.58-1.10] 0.164 0.94 [0.79-1.11] 0.453 

    Higher 0.87 [0.80-0.95] 0.001 0.80 [0.70-0.91] 0.001 0.71 [0.46-1.09] 0.118 0.70 [0.54-0.91] 0.007 

Marital status 
        

    Non-married  Ref. 
 

Ref. 
 

Ref. 
 

Ref. 
 

    Married 0.99 [0.94-1.05] 0.862 0.87 [0.79-0.95] 0.002 1.03 [0.77-1.39] 0.828 0.81 [0.68-0.96] 0.014 

Employment status  
        

  Unemployed (40-64 years)  Ref. 
 

Ref. 
 

Ref. 
 

Ref. 
 

  Employed (40-64 years) 1.72 [1.53-1.94] <0.001 0.95 [0.75-1.20] 0.676 0.69 [0.36-1.30] 0.253 0.64 [0.29-1.41] 0.266 

  Employed (65+ years) 1.13 [0.98-1.31] 0.096 1.15 [0.90-1.47] 0.265 1.80 [0.92-3.52] 0.087 1.11 [0.57-2.16] 0.754 

  Retired (65+ years) 1.08 [0.94-1.23] 0.291 1.22 [0.97-1.53] 0.093 1.46 [0.78-2.73] 0.235 2.03 [1.11-3.72] 0.022 



Region of birth 
        

  Sweden  Ref. 
 

Ref. 
 

Ref. 
 

Ref. 
 

  Nordic 1.16 [1.04-1.30] 0.009 1.23 [1.05-1.45] 0.011 1.52 [0.89-2.62] 0.126 1.17 [0.87-1.58] 0.290 

  Other EU 1.14 [0.99-1.32] 0.07 1.43 [1.17-1.74] 0.001 2.63 [1.50-4.60] 0.001 1.31 [0.91-1.89] 0.146 

  Non-EU 1.84 [1.69-2.02] <0.001 2.24 [1.95-2.57] <0.001 2.53 [1.68-3.80] <0.001 1.28 [0.92-1.77] 0.143 

Smoking 
        

Never smoker  Ref. 
 

Ref. 
 

Ref. 
 

Ref. 
 

Former smoker 0.98 [0.91-1.06] 0.568 1.00 [0.90-1.13] 0.946 1.08 [0.73-1.61] 0.705 0.99 [0.80-1.22] 0.919 

Current smoker 0.62 [0.57-0.68] <0.001 0.62 [0.53-0.71] <0.001 0.42 [0.25-0.70] 0.001 0.72 [0.55-0.94] 0.014 

Comorbidities 

Overall cardiovascular disease 1.37 [1.29-1.47] <0.001 1.78 [1.60-1.98] <0.001 1.48 [1.05-2.09] 0.024 2.70 [2.15-3.38] <0.001 

Type 1 diabetes 1.17 [0.95-1.45] 0.142 1.22 [0.92-1.62] 0.174 0.91 [0.33-2.52] 0.854 1.63 [1.05-2.53] 0.031 

Type 2 diabetes 1.24 [1.14-1.35] <0.001 1.38 [1.23-1.55] <0.001 1.27 [0.87-1.86] 0.223 1.48 [1.21-1.81] <0.001 

Asthma 0.94 [0.85-1.03] 0.18 1.02 [0.90-1.17] 0.746 1.07 [0.70-1.66] 0.746 1.10 [0.87-1.39] 0.436 

Respiratory failure 1.57 [1.38-1.78] <0.001 1.97 [1.69-2.30] <0.001 1.56 [0.84-2.89] 0.156 2.00 [1.53-2.61] <0.001 

Interstitial lung disease 0.97 [0.67-1.38] 0.847 1.30 [0.85-1.98] 0.223 0.74 [0.10-5.37] 0.769 1.93 [1.06-3.53] 0.033 

Sleep apnea syndromes 0.93 [0.81-1.08] 0.355 1.05 [0.86-1.27] 0.660 1.42 [0.85-2.36] 0.178 1.03 [0.70-1.52] 0.867 

Chronic kidney disease 1.46 [1.18-1.80] 0.001 1.52 [1.17-1.98] 0.002 1.09 [0.34-3.46] 0.888 1.96 [1.34-2.88] 0.001 

Autoimmune disease 1.28 [1.16-1.42] <0.001 1.43 [1.25-1.63] <0.001 1.03 [0.60-1.77] 0.925 1.83 [1.47-2.28] <0.001 

Cancer 1.07 [0.99-1.16] 0.096 1.13 [1.01-1.26] 0.027 0.90 [0.58-1.39] 0.620 1.04 [0.85-1.26] 0.727 

Depression  0.78 [0.62-0.98] 0.032 0.83 [0.59-1.17] 0.295 2.61 [0.58-11.64] 0.209 0.49 [0.28-0.87] 0.015 

Anxiety 0.99 [0.87-1.14] 0.933 1.05 [0.86-1.27] 0.664 1.23 [0.64-2.35] 0.537 0.91 [0.64-1.32] 0.632 

Psychiatric disease 1.43 [1.18-1.73] <0.001 1.55 [1.16-2.08] 0.003 0.60 [0.15-2.48] 0.485 2.59 [1.61-4.15] <0.001 

Prescribed medications 

Inhaled corticosteroids 1.15 [1.06-1.24] 0.001 1.18 [1.05-1.32] 0.006 1.05 [0.71-1.55] 0.821 1.23 [0.99-1.53] 0.064 

Oral corticosteroids 1.06 [0.99-1.14] 0.075 1.06 [0.96-1.17] 0.255 1.15 [0.82-1.62] 0.422 0.81 [0.67-0.98] 0.028 

Inhaled SABA 1.04 [0.98-1.11] 0.201 1.03 [0.94-1.13] 0.559 1.07 [0.78-1.47] 0.678 1.04 [0.88-1.24] 0.641 

Inhaled LABA 0.99 [0.91-1.06] 0.703 1.02 [0.91-1.14] 0.765 1.20 [0.82-1.77] 0.351 1.03 [0.83-1.27] 0.815 

Inhaled SAMA 1.39 [1.23-1.58] <0.001 1.45 [1.23-1.72] <0.001 1.29 [0.68-2.45] 0.436 1.76 [1.34-2.32] <0.001 

Inhaled LAMA 1.04 [0.98-1.11] 0.188 1.19 [1.08-1.32] <0.001 1.49 [1.06-2.09] 0.022 1.04 [0.86-1.25] 0.695 

PDE4 0.86 [0.66-1.11] 0.239 0.88 [0.63-1.24] 0.463 0.27 [0.04-1.97] 0.198 1.22 [0.69-2.14] 0.492 



Statins 0.90 [0.85-0.96] 0.002 0.87 [0.8-0.96] 0.005 1.09 [0.79-1.50] 0.613 0.83 [0.70-0.98] 0.030 

ARB 0.92 [0.86-0.98] 0.010 0.94 [0.86-1.04] 0.230 1.12 [0.82-1.54] 0.464 0.72 [0.60-0.86] <0.001 

Antidepressants 1.30 [1.21-1.39] <0.001 1.30 [1.17-1.43] <0.001 1.16 [0.81-1.66] 0.432 1.64 [1.37-1.97] <0.001 

Clinical measurements 

CAT 
        

   <10 Ref. 
 

Ref. 
 

Ref. 
 

Ref. 
 

   ≥ 10 1.06 [0.99-1.13] 0.085 1.24 [1.12-1.38] <0.001 1.46 [1.01-2.11] 0.042 1.30 [1.06-1.59] 0.011 

mMRC dyspnea scale 
        

0 Ref. 
 

Ref. 
 

Ref. 
 

Ref. 
 

1 1.00 [0.92-1.09] 0.935 0.97 [0.84-1.11] 0.645 1.37 [0.83-2.25] 0.221 1.06 [0.81-1.39] 0.648 

2 1.01 [0.92-1.12] 0.791 1.00 [0.86-1.16] 0.976 1.08 [0.62-1.90] 0.784 0.99 [0.73-1.33] 0.944 

3 1.04 [0.93-1.16] 0.464 1.11 [0.94-1.30] 0.224 1.34 [0.74-2.41] 0.331 1.10 [0.80-1.50] 0.560 

4 0.94 [0.84-1.07] 0.368 0.81 [0.67-0.98] 0.031 0.73 [0.35-1.54] 0.414 0.91 [0.64-1.29] 0.593 

Body mass index (BMI)  
        

   Underweight  1.25 [1.09-1.44] 0.002 1.54 [1.27-1.87] <0.001 1.23 [0.37-4.13] 0.733 1.66 [1.20-2.30] 0.002 

   Normal BMI  Ref. 
 

Ref. 
 

Ref. 
 

Ref. 
 

   Overweight 0.99 [0.92-1.06] 0.753 0.88 [0.79-0.98] 0.019 2.44 [1.52-3.93] <0.001 0.76 [0.62-0.93] 0.008 

   Obese 1.02 [0.95-1.11] 0.524 1.09 [0.98-1.22] 0.125 2.93 [1.81-4.72] <0.001 1.08 [0.87-1.33] 0.486 

 

adj.HR = adjusted hazard ratios; CI = confidence interval; EU=Europe; Ref=Reference group; 

ACE = angiotensin converting enzyme inhibitors; ARB = angiotensin receptor blockers; SABA= short-acting bronchodilator agonists; LABA= long-acting bronchodilator 

agonists; SAMA = short-acting muscarinic antagonists; LAMA = long-acting muscarinic antagonists; LTRA=leukotriene receptor antagonists; PDE-4 = phosphodiesterase-4 

inhibitors. GOLD = global initiative for chronic obstructive lung disease; FEV1=forced expiratory volume in 1 second; ICU = intensive care unit; CAT = chronic obstructive 

pulmonary disease assessment test; mMRC = modified Medical Research Council; NA= Not applicable 

 

Models are based on unvaccinated COPD patients with larger sample sizes. 
a Models containing GOLD or FEV1 were consistent with the presented results and were excluded due to missingness that resulted in reduced sample sizes. 

* Models adjusted for all variables shown except FEV1 and GOLD 

Note: Unadjusted hazard ratios are the same as in Table E3 

  



Table E5. Association between sociodemographics, comorbidities, prescribed medications and clinical characteristics of a population-based COPD cohort in 

Sweden and three COVID-19 outcomes (infection, hospitalization, and death) that occurred during vaccinated follow-up time from from 1 Jan 2020 until 30 

Nov 2021.  
COVID-19 infection COVID-19 hospitalization COVID-19 death 

Total number of 

events 

703 248 77 

Person years 46315 46461 46544 
 

Unadj.  

HR [95% CI]  

p-

value 

Adj.  

HR [95% CI] * 

p-

value 

Unadj.  

HR [95% CI]  

p-

value 

Adj.  

HR [95% CI] * 

p-

value 

Unadj.  

HR [95% CI]  

p-

value 

Adj.  

HR [95% CI] * 

p-

value 

Sociodemographics             

Age categories †  
            

    40-49  Ref. 40-49 
 

Ref. 40-49 
         

    50-59 0.63 [0.42-0.95] 0.026 0.62 [0.40-0.97] 0.034 Ref. 40-59 
 

Ref. 40-59 
     

    60-69 0.41 [0.28-0.60] <0.001 0.35 [0.23-0.53] <0.001 1.35 [0.74-2.45] 0.329 1.40 [0.70-2.81] 0.340 0.23 [0.08-0.66] 0.006 0.33 [0.11-0.98] 0.046 

    70-79 0.43 [0.29-0.62] <0.001 0.32 [0.21-0.48] <0.001 2.43 [1.40-4.21] 0.002 2.13 [1.11-4.10] 0.023 Ref. 
 

Ref. 
 

    80-89 0.52 [0.35-0.76] 0.001 0.36 [0.24-0.56] <0.001 3.79 [2.16-6.62] <0.001 2.95 [1.50-5.79] 0.002 2.41 [1.46-3.98] 0.001 1.92 [1.09-3.38] 0.024 

    90+ 0.78 [0.47-1.28] 0.321 0.63 [0.36-1.11] 0.108 3.92 [1.84-8.38] <0.001 3.75 [1.52-9.26] 0.004 2.18 [0.88-5.41] 0.094 1.88 [0.62-5.69] 0.266 

Gender † 
            

    Male  Ref. 
 

Ref. 
 

Ref. 
 

Ref. 
 

Ref. 
 

Ref. 
 

    Female 0.91 [0.8-1.04] 0.178 0.92 [0.80-1.06] 0.252 0.66 [0.53-0.82] <0.001 0.68 [0.53-0.87] 0.003 0.53 [0.34-0.84] 0.006 0.41 [0.24-0.69] 0.001 

Education  a 
            

    Primary  Ref. 
 

Ref. 
 

Ref. 
 

Ref. 
 

Ref. 
 

Ref. 
 

    Secondary 0.94 [0.81-1.09] 0.402 0.95 [0.81-1.12] 0.563 0.70 [0.55-0.89] 0.004 0.79 [0.60-1.04] 0.097 0.57 [0.35-0.92] 0.021 0.73 [0.42-1.25] 0.252 

    Higher 1.12 [0.93-1.34] 0.231 1.15 [0.94-1.41] 0.165 0.82 [0.60-1.12] 0.214 0.94 [0.67-1.33] 0.739 0.35 [0.15-0.78] 0.010 0.36 [0.14-0.93] 0.035 

Marital status 
            

    Non-married  Ref. 
 

Ref. 
 

Ref. 
 

Ref. 
 

Ref. 
 

Ref. 
 

    Married 1.06 [0.93-1.21] 0.397 1.09 [0.94-1.26] 0.245 0.87 [0.69-1.09] 0.226 0.85 [0.66-1.10] 0.213 0.97 [0.61-1.55] 0.913 0.96 [0.57-1.63] 0.884 

Employment status  
            

  Unemployed (40-

64 years)  

Ref. 
 

Ref. 
 

Ref. 
 

Ref. 
 

Ref. 
 

Ref. 
 

  Employed (40-64 

years) 

1.91 [1.40-2.62] <0.001 1.96 [1.37-2.79] <0.001 0.47 [0.24-0.93] 0.029 0.58 [0.27-1.27] 0.174 NA f NA f NA f NA f 

  Employed (65+ 

years) 

1.26 [0.91-1.75] 0.163 1.38 [0.90-2.11] 0.137 0.92 [0.52-1.62] 0.766 0.62 [0.29-1.34] 0.225 NA f NA f NA f NA f 



  Retired (65+ 

years) 

1.24 [0.93-1.66] 0.145 1.25 [0.83-1.89] 0.292 1.51 [0.93-2.43] 0.094 0.81 [0.39-1.68] 0.569 NA f NA f NA f NA f 

Region of birth 
            

  Sweden  Ref. 
 

Ref. 
 

Ref. 
 

Ref. 
 

Ref. 
 

Ref. 
 

  Nordic 0.99 [0.76-1.3] 0.957 1.01 [0.75-1.36] 0.933 1.26 [0.83-1.90] 0.274 1.26 [0.78-2.02] 0.341 1.72 [0.82-3.60] 0.152 1.79 [0.76-4.21] 0.183 

  Other EU 1.00 [0.69-1.45] 0.997 1.05 [0.71-1.55] 0.815 1.53 [0.91-2.58] 0.109 1.52 [0.86-2.66] 0.148 0.91 [0.22-3.73] 0.896 0.96 [0.23-3.96] 0.951 

  Non-EU 1.48 [1.19-1.85] <0.001 1.42 [1.12-1.82] 0.005 1.58 [1.09-2.30] 0.016 2.00 [1.33-2.99] 0.001 2.61 [1.29-5.29] 0.008 3.48 [1.67-7.29] 0.001 

Smoking † 
            

Never smoker  Ref. 
 

Ref. 
 

Ref. 
 

Ref. 
 

Ref. 
 

Ref. 
 

Former smoker 0.93 [0.78-1.12] 0.452 0.95 [0.79-1.15] 0.603 0.87 [0.65-1.18] 0.386 0.93 [0.68-1.27] 0.658 0.59 [0.35-1.02] 0.058 0.69 [0.39-1.22] 0.206 

Current smoker 0.57 [0.46-0.71] <0.001 0.57 [0.45-0.71] <0.001 0.45 [0.30-0.65] <0.001 0.61 [0.41-0.92] 0.017 0.20 [0.09-0.47] <0.001 0.36 [0.15-0.88] 0.025 

Comorbidities 
            

Overall 

cardiovascular 

disease 

1.31 [1.15-1.49] <0.001 1.12 [0.90-1.39] 0.326 1.52 [1.04-2.20] 0.03 1.52 [1.04-2.20] 0.030 2.31 [1.38-3.87] 0.001 1.13 [0.49-2.60] 0.765 

Hypertension † 1.29 [1.13-1.47] <0.001 1.11 [0.95-1.31] 0.184 1.29 [0.99-1.68] 0.062 1.29 [0.99-1.68] 0.062 2.33 [1.47-3.70] <0.001 1.37 [0.80-2.36] 0.254 

Heart failure 1.60 [1.33-1.93] <0.001 1.34 [1.07-1.68] 0.011 1.66 [1.20-2.29] 0.002 1.66 [1.20-2.29] 0.002 3.50 [2.16-5.66] <0.001 1.69 [0.94-3.05] 0.081 

Type 1 diabetes 2.01 [1.30-3.10] 0.002 1.67 [1.05-2.68] 0.032 2.48 [1.38-4.45] 0.002 2.48 [1.38-4.45] 0.002 7.68 [3.53-16.71] <0.001 4.92 [1.95-12.42] 0.001 

Type 2 diabetes † 1.46 [1.22-1.74] <0.001 1.41 [1.15-1.73] 0.001 2.17 [1.62-2.92] <0.001 2.17 [1.62-2.92] <0.001 2.64 [1.61-4.34] <0.001 2.00 [1.11-3.58] 0.020 

Asthma 1.36 [1.11-1.66] 0.003 1.16 [0.93-1.45] 0.185 1.38 [0.97-1.97] 0.076 1.38 [0.97-1.97] 0.076 1.49 [0.79-2.82] 0.222 1.42 [0.71-2.84] 0.320 

Respiratory failure 1.19 [0.83-1.71] 0.352 1.12 [0.75-1.67] 0.586 1.82 [1.09-3.04] 0.022 1.82 [1.09-3.04] 0.022 2.02 [0.87-4.67] 0.101 1.92 [0.76-4.88] 0.168 

Interstitial lung 

disease 

1.67 [0.83-3.35] 0.148 1.94 [0.97-3.90] 0.062 2.44 [0.91-6.56] 0.078 2.44 [0.91-6.56] 0.078 4.29 [1.05-17.50] 0.042 4.12 [1.00-16.99] 0.050 

Sleep apnea 

syndromes 

1.23 [0.88-1.71] 0.220 0.99 [0.69-1.43] 0.966 1.03 [0.58-1.83] 0.915 1.03 [0.58-1.83] 0.915 3.26 [1.50-7.10] 0.003 2.12 [0.88-5.10] 0.095 

Chronic kidney 

disease 

2.64 [1.75-4.00] <0.001 2.08 [1.27-3.38] 0.003 3.49 [2.00-6.06] <0.001 3.49 [2.00-6.06] <0.001 2.98 [0.94-9.46] 0.064 2.28 [0.70-7.45] 0.170 

Immunologic 

disease 

1.32 [0.33-5.28] 0.696 0.76 [0.11-5.39] 0.782 2.67 [0.37-19.06] 0.328 2.67 [0.37-19.06] 0.328 NA f NA f NA f NA f 

Autoimmune 

disease 

1.36 [1.09-1.70] 0.006 1.29 [1.01-1.65] 0.043 1.34 [0.91-1.96] 0.141 1.34 [0.91-1.96] 0.141 1.64 [0.84-3.19] 0.146 1.02 [0.46-2.27] 0.954 

Cancer 1.22 [1.03-1.45] 0.025 1.08 [0.88-1.31] 0.474 1.34 [1.00-1.81] 0.053 1.34 [1.00-1.81] 0.053 2.18 [1.34-3.55] 0.002 1.67 [0.97-2.90] 0.066 

Depression  1.20 [0.89-1.64] 0.234 1.23 [0.88-1.73] 0.222 1.55 [0.88-2.72] 0.126 1.55 [0.88-2.72] 0.126 0.83 [0.26-2.64] 0.754 1.48 [0.46-4.79] 0.512 

Anxiety 0.93 [0.66-1.29] 0.658 0.73 [0.49-1.10] 0.136 0.85 [0.42-1.73] 0.654 0.85 [0.42-1.73] 0.654 0.23 [0.03-1.67] 0.147 0.40 [0.05-2.92] 0.366 

Psychiatric disease 1.04 [0.79-1.38] 0.757 1.00 [0.73-1.38] 0.978 1.38 [0.83-2.31] 0.214 1.38 [0.83-2.31] 0.214 0.55 [0.17-1.75] 0.313 1.09 [0.34-3.53] 0.886 



Prescribed 

medications 

            

Inhaled 

corticosteroids 

1.32 [1.16-1.51] <0.001 1.28 [1.11-1.48] 0.001 1.55 [1.24-1.93] <0.001 1.58 [1.23-2.03] <0.001 1.48 [0.94-2.34] 0.088 1.63 [0.99-2.67] 0.054 

Oral corticosteroids 1.28 [1.11-1.48] 0.001 1.24 [1.06-1.46] 0.007 1.44 [1.14-1.82] 0.003 1.30 [1.00-1.70] 0.052 1.54 [0.96-2.47] 0.074 1.41 [0.85-2.34] 0.184 

Inhaled SABA 1.10 [0.97-1.26] 0.146 1.09 [0.94-1.26] 0.24 1.16 [0.93-1.45] 0.179 1.28 [1.00-1.64] 0.047 0.98 [0.62-1.54] 0.927 1.27 [0.79-2.05] 0.324 

Inhaled LABA 1.20 [1.05-1.36] 0.007 1.15 [1.00-1.33] 0.054 1.43 [1.15-1.78] 0.002 1.40 [1.09-1.79] 0.009 1.10 [0.70-1.72] 0.679 1.35 [0.83-2.20] 0.231 

Inhaled SAMA 1.51 [1.12-2.03] 0.007 1.53 [1.11-2.11] 0.010 2.09 [1.37-3.20] 0.001 2.13 [1.34-3.37] 0.001 1.35 [0.54-3.37] 0.517 2.31 [1.05-5.09] 0.038 

Inhaled LAMA 1.05 [0.92-1.19] 0.491 1.09 [0.94-1.26] 0.251 1.27 [1.01-1.59] 0.037 1.22 [0.94-1.58] 0.136 0.96 [0.61-1.50] 0.844 1.37 [0.82-2.31] 0.231 

Xanthines 1.30 [0.33-5.22] 0.707 1.49 [0.37-5.96] 0.576 NA f NA f NA f NA f NA f NA f NA f NA f 

LTRA 1.34 [0.95-1.88] 0.096 1.23 [0.85-1.78] 0.281 1.23 [0.67-2.24] 0.505 1.11 [0.55-2.24] 0.779 NA f NA f NA f NA f 

PDE4 2.45 [1.60-3.73] <0.001 2.18 [1.37-3.49] 0.001 4.08 [2.34-7.11] <0.001 3.42 [1.81-6.46] <0.001 2.29 [0.56-9.35] 0.247 1.25 [0.17-9.05] 0.825 

Statins 1.07 [0.94-1.22] 0.301 1.05 [0.90-1.23] 0.551 1.48 [1.19-1.85] <0.001 0.99 [0.76-1.29] 0.947 1.09 [0.69-1.71] 0.711 0.81 [0.49-1.36] 0.432 

ACEIs 1.09 [0.93-1.27] 0.304 1.06 [0.89-1.27] 0.504 1.41 [1.10-1.81] 0.006 1.10 [0.83-1.46] 0.498 1.68 [1.03-2.72] 0.036 1.37 [0.82-2.31] 0.230 

ARB 1.00 [0.87-1.16] 0.957 0.94 [0.80-1.11] 0.460 1.05 [0.83-1.34] 0.686 0.75 [0.57-0.99] 0.043 0.66 [0.38-1.14] 0.138 0.38 [0.20-0.72] 0.003 

Antidepressants 1.35 [1.17-1.56] <0.001 1.35 [1.15-1.59] <0.001 1.33 [1.04-1.69] 0.022 1.61 [1.23-2.11] <0.001 0.94 [0.56-1.56] 0.799 1.42 [0.84-2.42] 0.191 

Clinical 

measurements 

            

GOLD Classes b 
            

   Class A  Ref. 
 

Ref. 
 

Ref. 
 

Ref. 
 

Ref. 
 

Ref. 
 

   Class B 1.01 [0.82-1.24] 0.944 1.05 [0.84-1.30] 0.686 1.71 [1.14-2.57] 0.010 1.68 [1.09-2.60] 0.019 0.81 [0.37-1.78] 0.603 0.83 [0.38-1.78] 0.626 

   Class C 1.10 [0.78-1.55] 0.587 1.18 [0.82-1.70] 0.360 1.49 [0.78-2.85] 0.232 1.52 [0.75-3.08] 0.245 0.32 [0.04-2.52] 0.281 0.35 [0.04-2.71] 0.312 

   Class D 1.03 [0.80-1.33] 0.817 1.02 [0.78-1.35] 0.861 1.89 [1.19-3.00] 0.007 1.83 [1.11-3.02] 0.018 1.48 [0.65-3.39] 0.350 1.21 [0.51-2.87] 0.663 

FEV1 % predicted 

c 

            

   >=80  Ref. 
 

Ref. 
 

Ref. 
 

Ref. 
 

Ref. 
 

Ref. 
 

   50-79 0.80 [0.65-0.98] 0.033 0.83 [0.68-1.03] 0.089 1.03 [0.68-1.57] 0.882 1.05 [0.68-1.63] 0.814 0.66 [0.30-1.45] 0.302 0.89 [0.40-2.02] 0.785 

   30-49 0.78 [0.61-1.00] 0.052 0.85 [0.65-1.09] 0.201 1.76 [1.13-2.75] 0.012 1.76 [1.11-2.79] 0.016 0.83 [0.34-2.01] 0.681 1.23 [0.50-3.02] 0.645 

   <30 0.85 [0.55-1.30] 0.446 0.90 [0.58-1.41] 0.645 1.62 [0.81-3.25] 0.176 1.86 [0.91-3.80] 0.089 1.56 [0.48-5.08] 0.461 2.32 [0.67-8.02] 0.184 

CAT 
            

   <10  Ref. 
 

Ref. 
 

Ref. 
 

Ref. 
 

Ref. 
 

Ref. 
 

    ≥ 10 0.94 [0.82-1.08] 0.365 0.93 [0.8-1.08] 0.341 1.17 [0.92-1.49] 0.208 1.15 [0.87-1.51] 0.326 0.93 [0.57-1.49] 0.750 0.92 [0.55-1.54] 0.741 

mMRC dyspnea 

scale d 

            



0 Ref. 
 

Ref. 
 

Ref. 
 

Ref. 
 

Ref. 
 

Ref. 
 

1 0.98 [0.80-1.18] 0.804 0.95 [0.77-1.17] 0.620 0.95 [0.64-1.42] 0.818 0.94 [0.63-1.39] 0.749 0.97 [0.49-1.93] 0.934 1.00 [0.45-2.22] 0.992 

2 1.06 [0.85-1.31] 0.617 1.05 [0.83-1.33] 0.689 1.24 [0.81-1.90] 0.319 1.22 [0.80-1.87] 0.355 0.82 [0.37-1.84] 0.636 1.12 [0.47-2.65] 0.797 

3 0.98 [0.76-1.26] 0.866 0.95 [0.72-1.24] 0.690 1.34 [0.85-2.12] 0.201 1.31 [0.83-2.07] 0.241 1.46 [0.67-3.18] 0.341 1.48 [0.62-3.54] 0.380 

4 0.93 [0.70-1.24] 0.641 0.88 [0.64-1.20] 0.415 1.14 [0.67-1.91] 0.633 1.09 [0.64-1.84] 0.757 0.82 [0.30-2.22] 0.694 0.74 [0.24-2.29] 0.605 

Body mass index 

(BMI) e † 

            

   Underweight  0.72 [0.47-1.10] 0.124 0.74 [0.48-1.14] 0.170 0.66 [0.31-1.43] 0.294 0.73 [0.34-1.58] 0.427 0.94 [0.28-3.14] 0.923 1.46 [0.50-4.22] 0.488 

   Normal BMI 
  

Ref. 
   

Ref. 
   

Ref. 
 

   Overweight 1.01 [0.85-1.19] 0.905 0.98 [0.83-1.17] 0.860 1.08 [0.80-1.44] 0.625 1.00 [0.75-1.35] 0.976 0.89 [0.49-1.64] 0.715 0.97 [0.54-1.72] 0.908 

   Obese 1.20 [1.01-1.43] 0.037 1.13 [0.94-1.35] 0.188 1.43 [1.07-1.91] 0.015 1.33 [0.99-1.80] 0.061 1.53 [0.86-2.71] 0.148 1.55 [0.87-2.76] 0.140 

 

 

Unadj.HR = unadjusted hazard ratios ; adj.HR = adjusted hazard ratios; CI = confidence interval; EU=Europe; Ref=Reference group; 

ACE = angiotensin converting enzyme inhibitors; ARB = angiotensin receptor blockers; SABA= short-acting bronchodilator agonists; LABA= long-acting bronchodilator 

agonists; SAMA = short-acting muscarinic antagonists; LAMA = long-acting muscarinic antagonists; LTRA=leukotriene receptor antagonists; PDE-4 = phosphodiesterase-4 

inhibitors. GOLD = global initiative for chronic obstructive lung disease; FEV1=forced expiratory volume in 1 second; ICU = intensive care unit; CAT = chronic obstructive 

pulmonary disease assessment test; mMRC = modified Medical Research Council; NA= Not applicable 

 

*Models adjusted for age, sex, smoking, BMI, diabetes, and hypertension.  

† Models including the same variable are not adjusted for it. 

 

Note: hazard ratios for ICU admissions during the vaccinated follow-up period not estimated due to the small case numbers. 
 
a  Significant trend across education levels for COVID-19 hospitalization (p < 0.001). 
b Significant trend across GOLD ABCD for COVID-19 hospitalization (p < 0.001) and death (p = 0.001). 
c Significant trend across FEV1 % predicted levels for COVID-19 infection (p = 0.001), hospitalization (p < 0.001) and death (p < 0.001). 
d Significant trend across mMRC dyspnea scale for COVID-19 infection (p < 0.001) 
e Significant trend across BMI levels categories for COVID-19 infection (p < 0.001), hospitalization (p < 0.001) and death (p < 0.001). 
f NA introduced due to few observations. 

 

 



Table E6. Sample sizes of observations in regression models for the unvaccinated follow-up time* assessing the association between different 

characteristics and the risk for four COVID-19 outcomes (infection, hospitalization, intensive care unit (ICU) admission and death) among 

patients in a population-based COPD cohort in Sweden from 1 Jan 2020 to 30 Nov 2021. 
  COVID-19 infection COVID-19 hospitalization COVID-19 ICU admission COVID-19 death 

  Model 

1a 

Model 

2b 

Model 

3c 

Model 

4d 

Model 

1a 

Model 

2b 

Model 

3c 

Model 

4d 

Model 

1a 

Model 

2b 

Model 

3c 

Model 

4d 

Mode

l 1a 

Model 

2b 

Model 

3c 

Model 

4d 

  N N N N N N N N N N N N N N N N 

Age categories 6068 6068 6068 4995 2649 2649 2649 2178 221 221 221 199 803 803 803 621 

Sex 6068 6068 6068 4995 2649 2649 2649 2178 221 221 221 199 803 803 803 621 

Comorbidities§ 6068 6068 6068 4995 2649 2649 2649 2178 221 221 221 199 803 803 803 621 

Medications ll 6068 6068 6068 4995 2649 2649 2649 2178 221 221 221 199 803 803 803 621 

Smoking 4995 4995 4995 4995 2178 2178 2178 2178 199 199 199 199 621 621 621 621 

Body mass 

index  

5395 5395 5395 4995 2387 2387 2387 2178 203 203 203 199 706 706 706 621 

 
*Models are based on the unvaccinated follow-up time with larger sample sizes.  

 
a Crude models 
b Adjusted for age and sex 
c Adjusted for age, sex, diabetes, and hypertension. 
d Adjusted for age, sex, diabetes, hypertension, body mass index and smoking 
§ Include: Overall cardiovascular disease, hypertension, heart failure, type 1 and type 2 diabetes, asthma, chronic kidney disease, autoimmune diseases, 

cancer, psychiatric conditions, and anxiety. 
ll Include: included inhaled (ICS) and systemic corticosteroids, long- and short-acting beta-agonists (LABA, SABA), long- and short- acting muscarinic 

antagonists (LAMA, SAMA), phosphodiesterase (PDE4) inhibitors, leukotriene receptor antagonists (LTRA), angiotensin converting enzyme inhibitors 

(ACEI), angiotensin receptor blockers (ARB), and statins  

  



Table E7. Overview of register data sources for the present study on characteristics and risk factors of COVID-19 in a Swedish population-based 

cohort of COPD from 1 Jan 2020 to 30 Nov 2021.  

 

Register Type Register Name Acronym Administrator Data Assessment 

period* 

Reference 

Healthcare 

register 

National Patient 

Register 

NPR Swedish National 

Board of Health 

and Welfare 

Contains data of all in-patient care from 

public and private practitioners in 

Sweden 

5 years for 

pre-index** 

comorbidities 

and after 

index data 

for COVID-

19 outcomes 

[E1] 

Healthcare 

register 

Swedish Cause-of-

Death Register 

SCDR Swedish National 

Board of Health 

and Welfare 

Database of all deaths registered in 

Sweden  

5 years pre-

index, and 

after index 

for COVID-

19 outcomes 

[E2] 

Drug register National Prescribed 

Drugs Register 

NPDR Swedish National 

Board of Health 

and Welfare 

Contains information about all 

dispensed prescriptions in pharmacies 

1 years 

before index 

[E3] 

Healthcare 

register 

SmiNet (national 

register of notifiable 

diseases reporting) 

SmiNet The Public Health 

Agency of Sweden 

Maintained by the public health agency 

of Sweden, contains reports of infectious 

diseases including COVID-19 and 

vaccination. 

After index 

for COVID-

19 outcomes 

[E4] 

General 

population 

register 

Register of the Total 

Population 

RTB Statistics Sweden 

(SCB) 

Has information on the Swedish 

population 

 Latest record 

in the past 5 

years pre-

index 

 

[E5] 

Socioeconomic 

register 

Longitudinal 

Integrated Database 

for Health Insurance 

LISA Statistics Sweden 

(SCB) 

Database with sociodemographic data 

such as household statistics, health 

Latest record 

in the past 5 

[E6] 



and Labor Market 

Studies 

insurance, employment, income, and 

education 

years pre-

index 

Quality 

register 

Swedish National 

Airways Register 

SNAR Swedish regions Database with detailed data from 

individuals with chronic obstructive 

respiratory disease from primary, 

secondary, tertiary, and in-patient care 

5 years pre-

index 

[E7] 

Healthcare 

register 

Swedish Intensive 

Care Registry 

SIR Region Värmland A register for all intensive care unit 

cases 

 After index 

for COVID-

19 outcomes 

 

[E8] 

 
COPD = chronic obstructive pulmonary disease; COVID-19 = coronavirus disease 2019. 

 

*Selected duration for this study 

** Index date is 1 Jan 2020. 

 

  



 

 

 

Figure S1: First Coronavirus vaccination uptake in COPD patients (≥40 years) and the general population (≥40 years) from Jan 1, 2020, to Nov 

30, 2021 in Sweden. 
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