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RESEARCH ARTICLE
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Thomas Sandströmg and Josefin Sundha
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Hospital, Stockholm, Sweden; fDepartment of Respiratory Medicine and Allergology, Lund University, Lund, Sweden; gDepartment of Public 
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ABSTRACT
Purpose: Co-morbidities are common in chronic obstructive pulmonary disease (COPD) and are 
associated with increased morbidity and mortality. The aim of the present study was to explore 
the prevalence of several comorbid conditions in severe COPD, and to investigate and compare 
their associations with long-term mortality.
Methods: In May 2011 to March 2012, 241 patients with COPD stage 3 or 4 were included in the 
study. Information was collected on sex, age, smoking history, weight and height, current pharma-
cological treatment, number of exacerbations the recent year and comorbid conditions. At December 
31st, 2019, mortality data (all-cause and cause specific) were collected from the National Cause of 
Death Register. Data were analyzed using Cox-regression analysis with gender, age, previously 
established predictors of mortality and comorbid conditions as independent variables, and all- 
cause mortality and cardiac and respiratory mortality, respectively, as dependent variables.
Results: Out of 241 patients, 155 (64%) were deceased at the end of the study period; 103 
patients (66%) died of respiratory disease and 25 (16%) of cardiovascular disease. Impaired kidney 
function was the only comorbid condition independently associated with increased all-cause 
mortality (HR (95% CI) 3.41 (1.47-7.93) p=0.004) and respiratory mortality (HR (95%CI) 4.63 (1.61 to 
13.4), p = 0.005). In addition, age ≥70, BMI <22 and lower FEV1 expressed as %predicted were 
significantly associated with increased all-cause and respiratory mortality.
Conclusion: In addition to the risk factors high age, low BMI and poor lung function; impaired 
kidney function appears to be an important risk factor for mortality in the long term, which 
should be taken into account in the medical care of patients with severe COPD.
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Introduction

Chronic obstructive pulmonary disease (COPD) is 
a common respiratory disease and a major cause of 
morbidity and mortality worldwide [1]. Examples of 
well-known predictors of mortality in COPD are high 
age, number of pack years smoking, exacerbation fre-
quency, health status/symptoms, lower body mass 
index (BMI), the phenotype of chronic bronchitis [2] 
and degree of lung function impairment [3–6].

A majority of patients with COPD are diagnosed 
with more than one condition, and comorbidities are 
known to influence mortality as well as hospitaliza-
tion risk and health-related quality of life [7–12]. It 
has been suggested that chronic inflammation causes 

local pathology in the lungs and systemic pathology 
in other organs [13,14]. Cardiovascular disease, dia-
betes, osteoporosis, musculoskeletal symptoms, 
impaired kidney function, malnutrition, obesity/over-
weight, underweight and depression are all common 
comorbid conditions in COPD [13,15,16]. 
Cardiovascular disease in particular is well-studied 
in COPD and is associated with poor clinical out-
come and increased mortality [13,17–19]. However, 
there are few long-term studies comparing a large 
number of different comorbid conditions. The aim of 
the present study was to explore the frequency of 
several comorbid conditions in severe COPD, and to 
investigate and compare their associations with long- 
term mortality.
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Methods

Data collection

This was a retrospective follow-up of the study 
PROCEDUR, described elsewhere [10,20,21]. The 
original study explored the association of comorbid 
conditions with health-related quality of life, and 
aimed to recruit 10–15 patients at all secondary 
care units in Sweden. In total, 373 patients with 
COPD stages 3 or 4 were consecutively enrolled at 
27 secondary care respiratory units in Sweden from 
May 2011 to March 2012. At the time of the present 
study, identification numbers for 241 patients from 
17 units were available and could be used for retriev-
ing national mortality data in the present study 
(Figure 1). Mortality data until last of 
December 2019 were obtained from the Swedish 
National Board of Health and Welfare. The only 
exclusion criterion was an inability to leave consent 
or to complete spirometry or questionnaires due to 
cognitive or linguistic barriers.

At baseline, information was collected by the 
responsible physician from history and medical record 
review on sex, age, smoking history, body weight and 
height, current pharmacological treatment, number of 
exacerbations the recent year, the phenotype of chronic 
bronchitis and comorbid conditions in terms of cardi-
ovascular disease, diabetes, impaired kidney function, 
malnutrition, musculoskeletal symptoms, osteoporosis 
or depression. An exacerbation was defined as worsen-
ing of symptoms of dyspnea and sputum beyond 
normal day-to-day variation, requiring increased main-
tenance treatment, courses of antibiotics or oral ster-
oids or an emergency visit or hospitalization [22]. The 
phenotype of chronic bronchitis was defined as pro-
ductive cough of more than three months occurring 

within the span of two years [2]. All the comorbid 
conditions were defined as recorded doctor´s diagnoses 
with ongoing in need of pharmacological or non- 
pharmacological treatment. Cardiovascular disease 
included any of the diagnoses of ischemic heart disease, 
heart failure, atrial fibrillation or flutter or cerebrovas-
cular disease. Impaired kidney function denoted chron-
ical renal impairment and not transient renal failure 
with normalized kidney function. Musculoskeletal pro-
blems included any condition with symptoms of mus-
cle weakness, pain or joint diseases including 
rheumatic diseases, osteoarthritis as well as arthrosis.

Data on forced expiratory volume in one second 
in percentage of predicted value (FEV1%pred) from 
the most recently performed spirometry was used. At 
inclusion, 59% of the included patients performed 
a new spirometry. In the remaining cases, data on 
previous spirometries were accepted due to stable 
functional status. In total 24% of all patients had 
a spirometry from less than one year before inclu-
sion, 11% 1–2 years before inclusion and 9% more 
than 2 years before being included in the study. Post- 
bronchodilator values were used but substituted with 
pre-bronchodilator values if post-bronchodilator 
values were missing. In addition, each patient com-
pleted the Swedish version of COPD Assessment Test 
(CAT) [23].

At the end of the study, 31 December 2019, mortal-
ity data (all-cause and cause specific) were obtained 
from the National Cause of Death Register.

Statistical analyses

Statistical analyses were performed using IBM SPSS 
version 25 (IBM Corporation, Armonk, NY). Body 
mass index (BMI) was calculated and categorized as  

Figure 1. Flow chart for patient selection.
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<22 or ≥22 kg/m2. The cut-off value was chosen based 
on the previous knowledge about prognostic value of 
BMI <22 in COPD [24]. Age was classified into three 
groups, <70 years, 70–74 years and ≥75 years.

Patient characteristics were cross-tabulated distribu-
ted over vital status (dead or alive) at censoring of the 
study. Student´s t-test was used to investigate differ-
ences in continuous variables and χ2 test was used to 
investigate differences in categorical variables. 
Multivariate Cox-regression analyses were used to 
study associations between all-cause mortality and 
sex, age, number of pack years, BMI <22, CAT score, 

number of exacerbations recent year, FEV1%pred and 
comorbidities. Potential confounders were chosen 
a priori based on previous knowledge [3–6]. The multi-
variable Cox-regression model was also performed with 
cause-specific mortality (cardiovascular- and respira-
tory death, respectively) as dependent variables. 
Furthermore, as it is known that mortality differs 
between men and women with COPD [25] the Cox- 
regression model with all-cause mortality was repeated 
with stratification and interaction analysis by sex.

In all analyses p < 0.05 was considered statistically 
significant.

Table 1. Patient characteristics.
Alive,  

N (%) or mean (SD)
Deceased,  

N (%) or mean (SD) p-Value

Sex
Female 55 (64) 90 (58) 0.37
Male 31 (36) 65 (42)

Age
<70 57 (66) 47 (30) <0.001
70–74 13 (15) 44 (28)
>75 16 (19) 64 (41)

Current smoking 17 (20) 27 (17) 0.42
Pack years 34.9 ± 18.4 35.6 ± 21.8 0.94
BMI <22 18 (21) 55 (36) 0.18
FEV1%pred 37.5 ± 7.3 33.4 ± 9.4 0.001
CAT 18.1 ± 7.9 18.4 ± 7.3 0.31
Number of exacerbations recent 12 months 1.3 ± 1.6 2.1 ± 2.9 0.01
Chronic bronchitis 33 (38) 53 (34) 0.52
Cardiovascular disease 36 (42) 101 (65) <0.001
Diabetes 4 (5) 18 (12) 0.07
Impaired kidney function 1 (1) 6 (4) 0.23
Musculoskeletal problems 22 (26) 37 (24) 0.77
Osteoporosis 16 (19) 45 (29) 0.07
Depression 17 (20) 25 (16) 0.48

Patients´ characteristics at baseline distributed over vital status at study end. Comorbid conditions were defined as conditions 
with existing pharmacological or non-pharmacological treatment. CAT ranges from 0 to 40 with higher number being worse. 

Abbreviations: BMI = body mass index, CAT = COPD Assessment Test, FEV1%pred = Forced Expiratory volume in one second in 
percentage of predicted value, SD = standard deviation. 
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Figure 2. Prevalence of co-morbid conditions.
Prevalence of comorbid conditions in the whole study population. 
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Ethics

The study was conducted as a non-interventional trial, in 
accordance with EU directive 2001/20/EC and the 
Declaration of Helsinki. The study was reviewed and 
approved by the Regional Ethical Review Board of 
Umeå University (Dnr 2011–10-31 M and 2016–139-32  
M). Informed oral and written consent was obtained 
from all patients.

Results

Out of 241 patients, 155 (64,3%) were deceased at the 
end of the study period (December 31st, 2019). Of 
these, 103 patients (66%) died due to respiratory dis-
ease and 25 patients (16%) due to cardiovascular dis-
ease. For 27 patients (17%) death was due to other 
causes. The mean follow-up time for the included 
patients was 5.45 ± 2.76 years.

Table 2. Predictors of all-cause mortality.
All cause mortality  

HR (95%CI)  
Unadjusted analysis p-Value

All cause mortality  
HR (95%CI)  

Adjusted analysis p-Value

Female sex 0.83 (0.60–1.14) 0.25 0.91 (0.62–1.32) 0.61
Age

<70 Ref Ref
70–74 2.41 (1.60–3.65) <0.001 1.61 (1.01–2.57) 0.05
>75 3.01 (2.06–4.40) <0.001 3.36 (2.19–5.15) <0.001

Pack years 0.79 (0.99–1.01) 0.79 1.00 (0.99–1.01) 0.75
BMI <22 1.67 (1.21–2.33) 0.002 1.47 (1.01–2.14) 0.04
FEV1%pred 0.95 (0.94–0.97) <0.001 0.96 (0.93–0.98) <0.001
CAT (0–40) 1.01 (0.99–1.04) 0.21 1.012 (0.99–1.04) 0.34
Number of exacerbations 

recent 12 months
1.07 (1.02–1.13) 0.009 1.05 (0.99–1.12) 0.095

Chronic bronchitis 0.97 (0.69–1.35) 0.85 0.77 (0.53–1.13) 0.18
Cardiovascular disease 1.87 (1.34–2,60) <0,001 1.31 (0.90–1.92) 0.16
Diabetes 1.60 (0.98–2,62) 0.06 1.12 (0.61–2.00) 0.74
Impaired kidney function 2.17 (0.96–4.91) 0.06 3.26 (1.29–8.27) 0.013
Musculoskeletal problems 0.99 (0.68–1.43) 0.94 0.95 (0.63–1.42) 0.79
Osteoporosis 1.49 (1.05–2.11) 0.025 1.07 (0.71–1.60) 0.75
Depression 0.94 (0.61–1.44) 0.77 0.97 (0.61–1.54) 0.89

Cox-regression analysis for predictors of all cause mortality unadjusted and adjusted för confounders. CAT ranges from 0 to 40 with 
higher number being worse. HR for pack-years is per pack-year increase, HR for FEV%pred is percent decrease and HR for CAT is 
per one point decrease. 

Abbreviations: HR=Hazard Ratio, BMI=body mass index, CAT=COPD Assessment test, FEV1%pred=forced expiratory volume in one second 
in percentage of predicted value.. 

Table 3. Predictors of respiratory and cardiovascular mortality.
Respiratory  
mortalit y 

HR (95%CI)  
Unadjusted analysis p-Value

Respiratory mortality  
HR (95%CI)  

Adjusted analysis p-Value

Cardiovascular  
mortality  

HR (95%CI)  
Unadjusted analysis p-Value

Cardiovascular  
mortality  

HR (95%CI)  
Adjusted analysis p-Value

Female sex 0.75 (0.50–1.14) 0.18 1.25 (0.78–1.99) 0.36 0.66 (0.28–1.60) 0.36 0.45 (0.19–1.33) 0.17
Age

<70 Ref Ref
70–74 0.65 (0.40–1.06) 0.08 2.26 (1.25–3.95) 0.006 0.53 (0.19–1.48) 0.23 1.67 (0.50–5.79) 0.40
>75 0.65 (0.41–1.04) 0.07 4.51 (2.60–7.83) <0.001 0.68 (0.24–1.88) 0.46 3.18 (1.10–9.20) 0.03

Pack years 1.00 (0.99–1.01) 0.57 1.01 (1.00–1.02) 0.13 0.99 (0.97–1.02) 0.63 1.00 (0.97–1.02) 0.71
BMI <22 1.13 (0.75–1.69) 0.57 1.34 (0.85–2.12) 0.21 1.86 (0.74–4.72) 0.19 1.95 (0.75–5.13) 0.17
FEV1%pred 0.97 (0.95–0.995) 0.02 0.94 (0.92–0.97) <0.001 0.89 (0.83–0.95) <0.001 0.96 (0.90–1.02) 0.17
CAT 1.04 (1.01–1.07) 0.01 1.01 (0.98–1.04) 0.55 1.06 (0.98–1.15) 0.18 1.02 (0.95–1.09) 0.60
Number of exacerbations 

recent 12 months
1.02 (0.96–1.07) 0.61 1.10 (1.03–1.17) 0.003 1.35 (1.00–1.83) 0.05 0.794 (0.56–1.13) 0.197

Chronic bronchitis 1.04 (0.69–1.56) 0.85 0.72 (0.45–1.17) 0.17 2.24 (0.89–5.62) 0.09 0.61 (0.23–1.66) 0.33
Heart disease 1.19 (0.79–1.79) 0.41 1.33 (0.83–2.13) 0.23 0.75 (0.26–2.02) 0.55 2.26 (0.75–6.78) 0.15
Diabetes 1.38 (0.76–2.48) 0.29 1.22 (0.62–2.44) 0.57 0.44 (0.13–1.50) 0.19 2.25 (0.59–8.58) 0.23
Renal impairment 1.51 (0.61–3.73) 0.37 4.63 (1.61–13.34) 0.005 2.46 (0.31–19.72) 0.40 1.97 (0.20–19.73) 0.57
Musculoskeletal problems 1.14 (0.74–1.75) 0.55 1.30 (0.81–2.09) 0.27 0.77 (0.26–2.30) 0.64 0.60 (0.16–2.17) 0.43
Osteoporosis 1.41 (0.92–2.15) 0.12 1.02 (0.63–1.65) 0.75 0.52 (0.15–1.76) 0.29 0.48 (0.13–1.77) 0.27
Depression 1.42 (0.86–2.37) 0.18 1.13 (0.66–1.92) 0.94 1.11 (0.41–3.03) 0.84 1.26 (0.40–4.03) 0.70

Cox-regression analyses for predictors of respiratory and cardiovascular mortality unadjusted and adjusted for confounders. CAT ranges from 0–40 with 
higher number being worse. HR for pack-years is per pack.year increase, HR for FEV1%pred is percent decrease and HR for CAT is per one point decrease. 

Abbreviations: HR=Hazard Ratio, BMI=body mass index, FEV1%pred=forced expiratory volume in one second percentage of predicted value. 
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Patient characteristics distributed over vital status at 
the end of the study period are presented in Table 1 
and the prevalence of the studied co-morbidities are 
presented in Figure 2. In summary, the most common 
comorbid conditions/phenotypes were cardiovascular 
disease (n = 137) and chronic bronchitis (n = 88), and 
number of deaths was increased with high age, 
impaired lung function, more frequent exacerbations 
and the presence of cardiovascular disease.

The results of the Cox-regression analysis with all- 
cause mortality and cardiac and respiratory mortality, 
respectively, as dependent variables are presented in 
Tables 2 and 3. When analyzing each comorbid condition 
with adjustment for potential confounders, impaired kid-
ney function was the only co-morbidity associated with 
increased all-cause mortality (HR (95% CI) 3.41 (1.47– 
7.93) p = 0.004) and respiratory mortality (HR (95%CI) 
4.63 (1.61–13.34) p = 0.005). None of the investigated co- 
morbidities were associated with increased cardiovascular 
mortality (Tables 2 and 3). In addition, age > = 70 and 
lower FEV1%pred were independently associated with 
increased all-cause and respiratory mortality, BMI <22 
with all-cause mortality and number of exacerbations 
with respiratory mortality (Tables 2 and 3).

In the analyses stratified by sex, musculoskeletal 
problems were associated with lower mortality in men 
(HR (95%CI) 0.37 (0.15–0.95)) but not in women, p for 
interaction 0.015. No other statistically significant asso-
ciations were found (data not shown).

Discussion

We think that the most important finding of the pre-
sent study is that, in long-term follow-up, impaired 
kidney function is independently associated with 
increased all-cause and respiratory mortality for 
patients with severe COPD as defined by Global 
Initiative for Chronic Obstructive Lung Disease 
(GOLD) criteria. We also observed that high age, 
decreased lung function and low BMI predicted 
increased risk for mortality in long-term follow-up of 
severe COPD, thereby extending the understanding of 
these particular risk factors.

In several previous studies, impaired kidney func-
tion is reported as a co-morbidity more common in 
COPD than in the general population [7,26,27]. 
Chronic kidney failure is associated with increased 
levels of inflammatory biomarkers such as IL-6, IL-8 
and TNF-α and protrombine molecules that may be 
involved in systemic inflammation among patients 
with COPD and thereby contribute to damage of lung 
parenchyma leading to disease progression [27,28]. 

Furthermore, chronic hypercapnia in COPD not fully 
compensated metabolically in patients with kidney fail-
ure may lead to chronic respiratory acidosis, that is 
associated with poor outcome in COPD [28,29]. The 
disturbed acid-base balance can also induce vasocon-
striction in the kidneys and increased activation of the 
renal-angiotensin-aldosterone system affecting 
sodium- and fluid balance with subsequent fluid- 
retention and pulmonary edema [28,29]. Conversely, 
the disease burden of COPD per se can lead to 
impaired kidney function. Chronic hypoxia in COPD 
may induce kidney-damage, because the kidneys are 
sensitive to low oxygen levels and the autoregulation 
directing the blood flow to the kidneys may not be 
sufficient to compensate for this [28]. Moreover, the 
metal cadmium, which is present in high levels in 
tobacco and cigarettes may contribute to pulmonary 
emphysema in smokers and possibly to impaired kid-
ney function as well [30,31]. Thus, our current results 
on impaired kidney function and mortality provide 
a rationale to examine cadmium levels in relation to 
survival in future studies of smokers with COPD.

In a study by Antonelli et al., both cardiovascular 
disease and impairment kidney function were reported 
to be predictors of mortality in COPD after a more 
modest observation time of 3.4 years [7]. However, 
while the relationship between cardiovascular disease 
and short-term mortality in COPD has been demon-
strated in several studies [13,17,19], the relationship 
between impaired kidney function and long-term mor-
tality in COPD has not been studied elsewhere. Thus, 
our study is the first to forward evidence for a relatively 
strong association of impaired kidney function with 
long-term follow-up of mortality in COPD.

In our study, only a minority of the study popula-
tion reported impaired kidney function in the begin-
ning of the observation period. Because of this, it is 
reasonable to presume that the impaired kidney func-
tion was pronounced and thereby more likely to con-
tribute to increased mortality risk. On the other hand, 
impaired kidney function may be underdiagnosed in 
COPD, given that the most common way of measuring 
kidney function is by estimating glomerular filtration 
rate (GFR) using serum creatinine [27,29] or cystatin 
C. Many patients with COPD are elderly and often 
suffer from muscle wasting. Therefore, their kidney 
function may be impaired despite serum creatinine 
within the normal range or slightly elevated. 
Moreover, given that impaired kidney function proved 
to be important for mortality in the long run, our 
findings motivate further study to address whether 
even modest kidney failure should be monitored dur-
ing the early course of COPD.
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It is well established that cardiovascular disease is 
associated with poor outcomes in COPD. Our data 
showed that cardiovascular disease at baseline was 
associated with mortality in unadjusted analyses, but 
somewhat surprisingly the results did not remain after 
adjustment for confounders. A factor that may influ-
ence our results is that our study population only 
included patients with severe COPD (GOLD stage 3 
and 4). It has previously been reported that this sub- 
group of patients most often die due to respiratory 
failure whereas cardiovascular disease has been shown 
to be the most common cause of death in patients with 
mild- and moderate COPD [32]. According to Soriano 
et al., [33] patients may even have co-existing cardio-
vascular disease already at the time of diagnosis and it 
can be speculated that this co-morbidity plays a larger 
roll and influences mortality to a greater extent in 
earlier stages of disease. This hypothesis is strength-
ened by our finding that the most common cause of 
death in the studied patient group was respiratory 
disease and not cardiovascular disease.

Our results are consistent with a recent Canadian 
study reporting that cardiovascular disease, as a cause 
of mortality in COPD, decreases over time [34]. We 
speculate that this may be due to generally improved 
prevention, treatment and prognosis of ischemic heart 
disease [35]. Another potential contributing cause may 
be maintenance triple therapy with inhaled corticoster-
oids, long acting beta-2-agonists and long acting mus-
carinic antagonists, which has recently been shown to 
impact cardiac death [36].

Importantly, the results from our study demonstrate 
that high age, BMI <22 and reduced FEV1% pred are 
important predictors of long-term mortality in COPD 
[3–6], thereby extending previous knowledge about 
these risk factors.

Previous studies have also shown that diabetes and 
depression are important risk factor for death in 
COPD.3.13,15,16 In our cohort, there was a trend 
towards higher number of deaths in patients with 
comorbid diabetes, but the difference disappeared 
with adjustment for confounders. Diabetes may have 
contributed to cardiovascular disease. As for depres-
sion and anxiety in patients with severe COPD, these 
conditions are often treated with benzodiazipines and 
opioids [37,38]. Even if we failed to show an associa-
tion between depression and mortality in our study, 
there is a theoretical possibility that increased plasma 
concentrations of benzodiazipines and opioids due to 
impaired kidney function may have contributed to 
a higher mortality risk. However, we have no data on 
these medications in this study.

Interestingly, a statistically significant difference by 
sex was found in the impact of musculoskeletal pro-
blems in COPD. Musculoskeletal dysfunction is known 
to predict mortality, but our analyses rather showed 
that it was associated with lower mortality in men. As 
musculoskeletal dysfunction in this study was defined 
as a condition needed to treat and that treatment 
includes physiotherapy, we speculate that the therapy 
in itself may have a positive impact on the mortality 
risk. Physical activity is known to be a very important 
predictor of mortality [39], and muscular treatment 
against musculoskeletal problems may have increased 
physical function in the male part of the study 
population.

Strengths of our study are that it is a multicenter 
study including a large number of secondary care 
respiratory units in Sweden with data on several 
established mortality predictors. Due to compulsory 
report to the national cause of death register, all- 
cause mortality data are complete in the present 
population.

Limitations are that the definitions of comorbid 
conditions are based on the assessment of the 
responsible physician of existing pharmacologically 
or non-pharmacologically treated comorbidities. As 
the diagnoses were not objectively confirmed by 
laboratory or physiological examinations, under- as 
well as overdiagnostics may have occurred. Another 
limitation is that mortality data were not available in 
all patients from the original study. However, an 
attrition analysis showed no difference in factors 
that may have influenced mortality rates, such as 
age, lung function, exacerbation rate, BMI or comor-
bid conditions, between units with and without avail-
able mortality data (data not shown).

A limitation for the analyses of cause-specific death 
is that death certificates are not very accurate in terms 
of the claimed cause of death that is rarely based on 
autopsy. Previous studies have confirmed poor congru-
ence for registered and actual cause of death and it has 
also been suggested that COPD is underreported on 
death certificates [40–42]. However, in our study, 
respiratory death was the most common cause of 
death.

Even if the number of patients with impaired kidney 
function was low, the clear association with mortality 
indicates that renal impairment should be considered 
in the medical care of severe COPD. Future research 
should focus on the association of more objective find-
ings of mild as well as advanced renal failure with 
mortality.
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Conclusion

In addition to the well-known predictors high age, low 
BMI and poor lung function; we demonstrate that 
impaired kidney function is an important predictor of 
long-term mortality in patients with severe COPD, 
which should be taken into account in the medical 
care of these patients.
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