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Background: COPD is among the major causes of death, and it is associated with several 

comorbid conditions. Chronic kidney disease (CKD) is frequently diagnosed in older people 

living in Western societies and could impact COPD patients’ mortality. We evaluated the rela-

tionship between burden of comorbidities, CKD, and mortality in a population-based cohort of 

patients discharged with a diagnosis of COPD.

Methods: A longitudinal cohort study was conducted evaluating 27,272 COPD patients. 

Recruitment of COPD subjects and identification of CKD and other comorbidities summarized 

by the Charlson comorbidity index (CCI) were based on claims data coded according to the 

International Classification of Diseases, 9th Revision, Clinical Modification (ICD-9-CM). 

Severity of COPD was classified by hospital diagnosis or exemption from medical charges due 

to respiratory failure or previous hospitalizations for COPD. The impact of comorbidities on 

survival was assessed by Cox regression.

Results: Less than 40% of patients were still alive at the end of a median follow-up of 37 months 

(17 months for patients who died and 56 months for those alive at the end of follow-up). After 

adjustment for age, gender, and severity score of COPD, CKD (hazard ratio =1.36, 95% con-

fidence interval 1.30–1.42) independently from comorbidities summarized by the CCI was a 

significant risk factor for mortality.

Conclusion: In spite of limitations due to the use of claims data, long-term survival of COPD 

patients was heavily affected by the presence of CKD and other comorbidities.

Keywords: COPD, chronic kidney disease, Charlson comorbidity index, mortality, 

comorbidity

Introduction
COPD is one of the major causes of death ranking fourth worldwide, and it is predicted 

to become the third leading cause by 2030 (http://www.who.int/healthinfo/),1 making 

this disease one of the major health challenges.2

The best way to reduce the prevalence of COPD is to control for risk factors; 

although it is generally accepted that smoking is an important determinant of the dis-

ease, other variables can contribute to its burden3 and several comorbidities contribute 

to the overall severity.4

COPD is associated with increased overall mortality compared with the general 

population.5 Frequent acute exacerbations also play an important role in decreased 

lung function and thereby increase disease severity and mortality.6,7

COPD is associated with several comorbid conditions such as ischemic heart disease, 

arrhythmia, congestive heart failure, diabetes, lung cancer, osteoporosis, and depression.8,9 
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The presence of comorbidities in COPD patients leads to 

increasing hospitalizations, mortality, and health care costs.8 In 

patients affected by mild to moderate COPD, the main causes 

of death are represented by cardiovascular diseases and lung 

cancer.10 Due to aging of the population in many developed 

countries, the burden of elderly COPD patients affected by 

several comorbidities will increase, with complex interactions 

among diseases leading to disability and death.11

A recent study analyzed retrospectively data from 424,418 

fee-for-service Medicare COPD patients enrolled between 

1999 and 2008, and the authors found that the hospitalization 

rates for COPD decreased: from 131 to 107 per 100 person-

years for all causes, from 58 to 44 per 100 person-years for all 

respiratory causes, and from 73 to 63 per 100 person-years for 

non-respiratory causes, without any change in prevalence of 

COPD in the population. These data suggest that the majority 

of COPD subjects are managed as outpatients.12

Recently, it has been reported that acute kidney dysfunc-

tion represents an important predictive factor of in-hospital 

mortality (IHM) in male older adults with multi-morbidity 

admitted for COPD acute exacerbations.13 Moreover, 

adjusted mortality within the first 6 months post COPD 

exacerbation in patients suffering from acute kidney injury 

(AKI) and COPD exacerbation was 1.80-fold in comparison 

with those who were AKI free.14 Therefore, renal function 

appears to impact COPD patients’ mortality. To date, limited 

evidence is available on the impact of chronic kidney disease 

(CKD) on long-term survival of COPD patients, although a 

recent study reported that prevalence of CKD in stable COPD 

outpatients was 31%.15,16

The aim of the study was to assess in a population-based 

cohort of patients discharged with a diagnosis of COPD how 

CKD contributes to overall mortality, taking into account the 

burden of other comorbidities.

Methods
study setting
On January 1, 2010, the total population of the Veneto 

Region was ~4,850,000 inhabitants, and there were ~800,000 

discharges from regional hospitals each year. The archive of 

discharge records includes all hospitalizations of residents in 

public and private hospitals, both in regional hospitals and 

outside the study area. To comply with the national law dis-

positions in terms of privacy, the regional health authorities 

removed patients’ names, exact address, and other potential 

identifiers from the database provided for this study. One 

primary and up to five secondary discharge diagnoses are 

registered according to the International Classification of 

Diseases, 9th Revision, Clinical Modification (ICD-9-CM). 

In Italy, hospital care is free of charge for all legal residents, 

who must contribute to outpatient care (laboratory tests, 

ambulatory care, drug costs) unless they are enrolled in lists 

of patients exempt from medical charges because of being 

affected by select chronic diseases certified by a specialist. 

COPD is not included among such diseases, whereas patients 

with respiratory failure of any origin and common comor-

bidities such as diabetes, renal failure, and cardiovascular 

disorders are exempt from costs of outpatient care specifically 

associated to the condition.

enrollment of the cohort
The study was conducted in adherence to the Declaration of 

Helsinki. All residents in the Veneto region aged $45 years 

discharged from January 1, 2008, to December 31, 2010, 

with a diagnosis of chronic bronchitis (ICD-9-CM code 491), 

emphysema (492), and other COPD (496) were identified. In 

the case of repeated admissions of the same patient during the 

above period, only the first hospitalization was considered. 

Subjects dying during the hospitalization were excluded.

Severity of COPD was approximated by the following crite-

ria derived from claims data: a hospital diagnosis or an exemp-

tion from medical charges due to respiratory failure and previous 

hospitalizations for COPD. A three-level score was attributed to 

subjects with none, one, or both of the earlier criteria.

To identify comorbidities, the modified version of the 

Charlson comorbidity index (CCI) adapted to ICD-9-CM 

codes14 was adopted based on diseases reported in the index 

hospitalization and in all hospital admissions in the previ-

ous 3 years. Whenever possible, single comorbidities were 

identified also based on exemptions from medical charges; 

eg, study subjects were classified as affected by CKD in the 

presence of discharge diagnoses identifying CKD according 

to the Deyo method (ICD-9-CM 582, 583, 585, 586, 588) 

and/or in the presence of an exemption from medical charges 

due to renal failure after certification by a specialist. Criteria 

for identifying patients with ischemic heart disease, heart 

failure, cerebrovascular disorders, and peripheral arterial 

disease were expanded according to previous studies carried 

out in the Veneto region.17 The CCI was computed after the 

exclusion of COPD and CKD, the focus of this study.

Follow-up and statistical analysis
Subjects discharged with a diagnosis of COPD were followed 

up by linkage with population records to assess vital status and 

emigration out of the region and with the regional archive of 

causes of deaths for the period from 2008 to 2013. Each sub-

ject was followed up from the index hospital discharge either 

until death or emigration outside the study area, or December 
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31, 2013, whichever came first. In the Veneto region, the 

cause of death is coded according to the International Clas-

sification of Diseases, 10th Edition (ICD-10); it is selected 

from all the diseases mentioned in the death certificate by 

means of the Automated Classification of Medical Entities, a 

computer program developed by the US National Center for 

Health Statistics to standardize mortality statistics.18

Survival of the whole study cohort was examined by 

standard life-table analysis. Survival was compared between 

study groups using the Kaplan–Meier non-parametric 

method. A Cox regression model was built to investigate 

the impact on overall mortality of the following variables: 

presence of CKD, CCI categorized in three classes, severity 

score, age, and gender. Statistical analyses were carried out 

using the package Stata 13 (College Station, TX, USA). All 

records were collected and handled in a completely standard-

ized anonymous manner, according to the national guidelines 

(Decreto Ministeriale [DM] 18/03/1998). Moreover, the 

study is included among the mandatory activities of the 

Regione Veneto Epidemiological Department, as specified by 

a regional law (Deleberazione della Giunta Regionale [DGR] 

n. 1456/2016). The DM 18/03/1998 and DGR n.1456/2016 

state that the anonymized nature of data such as that used in 

this study means that ethical permission is not required, and 

that patients’ written informed consent to participate in the 

study was not required, as the data are anonymous.

Results
Overall 27,272 patients were enrolled in the study cohort 

(Figure 1). Of these, 1.0% was censored during follow-up 

because they emigrated out of the study area or died without 

the possibility of death certificate retrieval or were no longer 

traceable in population records. Only 39.2% of patients were 

still alive at the end of a median follow-up of 37 months 

(17 months for patients dead and 56 months for those alive 

at the end of follow-up).

Table 1 shows characteristics at enrollment of study 

subjects. The age distribution was shifted toward old age 

classes: 43% of COPD patients were aged 75–84 years and 

25% $85 years. Median age was 79 years (interquartile 

range 73–85 years). About 60% of patients were males, and 

one of three could be classified as affected by severe/very 

severe COPD according to the adopted score. Most patients 

presented with one or more comorbidities. The most frequent 

diseases, tracked in at least 10%–20% of the study popula-

tion, were heart failure, diabetes, neoplasms, cerebrovas-

cular diseases, and CKD. The prevalence of comorbidities 

increased with age and leveled off in the very elderly.

The observed survival for the whole cohort was 75%, 

52%, and 37% at 1, 3, and 5 years of follow-up, respectively. 

The most frequent causes of death among 16,288 decedents 

were circulatory disorders (mostly ischemic and other heart 

diseases), followed by respiratory diseases (mostly COPD, 

but also respiratory infections, respiratory failure, other and 

unspecified respiratory disorders) and cancer (Table 2). 

Survival was lower in patients affected by CKD (Figure 2); 

however, these latter patients were older than other study 

subjects and more frequently affected by comorbidities such 

as heart failure (46%), diabetes (36%), ischemic heart disease 

(15%), and peripheral arterial disease (12%). When determi-

nants of survival were assessed by means of Cox regression 

adjusted by age, gender, and severity score of COPD, the 

presence of CKD and the presence of other comorbidities 

summarized by the modified CCI were significant risk fac-

tors for mortality. Results were confirmed if analyses were 

restricted to patients aged ,85 years (Table 3).

Discussion
In our study, age, male gender, severity of COPD, CCI, and 

renal disease were independently related to all-cause mortal-

ity in COPD patients. Cardiovascular diseases were the most 

common cause of death, followed by neoplasms and respira-

tory causes. The risk for pneumonia, respiratory infection, 

myocardial infarction, and angina is high in COPD patients.19 

In a previous study on .11,000 COPD patients, of whom 

74% were 65 years or older, the risk ratio for cardiovascular 

mortality was 2.07 and for all-cause mortality was 2.82.20 

Causes of mortality in COPD patients could vary in different 

reports, depending on the population studied and the study  

setting (eg, population-based mortality data or trials with 

clinical assessment of the cause of death).

Among 5,887 middle-aged volunteers with asymptomatic 

airway obstruction enrolled in the Lung Health Study, the main 

Figure 1 schematic design of the enrollment and follow-up of COPD patients.
Abbreviation: ICD-9-CM, International Classification of Diseases, 9th Revision, 
Clinical Modification.
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causes of death were lung cancer (33%) and cardiovascular 

disease (22%).21 In a pooled analysis of individual patient data 

from seven randomized trials enrolling ~5,000 patients with 

stable COPD, mortality was ascribed to respiratory causes in 

34.3%, cardiovascular disease in 29.8%, and cancer in 20.8% 

of cases.22 Pulmonary disease (35%), cardiovascular disease 

(27%), and cancer (21%) were also the principal causes of 

death in 6,112 patients during a 3-year follow-up study.23 Dif-

ferent populations could be aged differently, and increasing 

age also suggests different burden of comorbidities.

Comorbidities such as cardiovascular24 and cerebrovas-

cular disease,25 lung cancer,26 and diabetes27 are frequently 

diagnosed in COPD patients and were suggested as the major 

Table 1 study subjects at baseline: demographics, severity of disease, and associated comorbidities

Population features 45–64 years 
(n=2,537) (%)

65–74 years 
(n=5,984) (%)

75–84 years 
(n=11,817) (%)

$85 years 
(n=6,934) (%)

All patients 
(n=27,272) (%)

Male gender 68.7 69.3 62.9 46.5 60.7
severity score

0 67.6 65.4 66.7 72.4 68.0
1 29.7 30.6 29.4 25.2 28.6
2 2.7 4.0 3.9 2.4 3.4

Modified Charlson index
0 44.9 35.3 30.2 30.5 32.8
1 35.2 36.9 39.1 40.6 38.6
2 14.1 18.9 21.5 20.9 20.1
$3 5.8 9.0 9.3 8.0 8.6

selected comorbidities
CKD 4.3 8.1 10.5 13.6 10.2
heart failure 11.9 18.9 26.1 32.6 24.9
Ischemic heart disease 8.3 9.9 9.0 7.6 8.8
Cerebrovascular diseases 4.5 8.1 11.3 12.3 10.2
Peripheral arterial disease 6.0 8.6 8.5 5.4 7.5
Diabetes 24.3 25.9 23.7 20.2 23.4
neoplasms 16.8 23.6 22.8 15.7 20.6
Dementia 0.4 1.8 4.8 10.5 5.2
liver diseases 5.2 3.4 1.6 0.8 2.1
Peptic ulcer 1.4 1.4 1.5 1.6 1.5
rheumatologic diseases 2.1 2.0 2.3 1.3 1.9

Notes: Severity score was defined by none, one, or both of the following criteria: a hospital diagnosis or an exemption from medical charges due to respiratory failure; 
previous hospitalizations for COPD. Modified Charlson index: the modified version of the Charlson Comorbidity Index (CCI) adapted to ICD-9-CM codes was adopted 
based on diseases reported during hospitalizations.
Abbreviations: CKD, chronic kidney disease; ICD-9-CM, International Classification of Diseases, 9th Revision, Clinical Modification.

Table 2 Most common causes of death among 16,288 decedents 
in the cohort of COPD patients

Cause of death (ICD-10-CM) n %

Diseases of the respiratory system (J00–J99) 3,720 22.8
COPD (J40–J44, J47) 2,652 16.3
asthma (J45–J46) 28 0.2
Other respiratory diseases (J00–J39, J50–J99) 1,040 6.4
Circulatory diseases (I00–I99) 6,112 37.5
hypertensive diseases (I10–I15) 810 5.0
Ischemic heart diseases (I20–I25) 2,410 14.8
Other heart diseases (I00–I09, I26–I51) 1,714 10.5
Cerebrovascular diseases (I60–I69) 956 5.9
Other circulatory diseases (I70–I99) 224 1.4
neoplasms (C00–D48) 3,604 22.1
lung cancer (C33–C34) 1,559 9.6
Other neoplasms (C00–C32, C35–D48) 2,045 12.6
Diabetes (e10–e14) 419 2.6
Dementia, alzheimer’s disease (F01–F03, g30) 474 2.9
Diseases of the digestive system (K00–K99) 553 3.4
Other causes of death 1,406 8.6

Abbreviation: ICD-10-CM, International Classification of Diseases, 10th Revision, 
Clinical Modification.

Figure 2 survival curves for COPD patients with and without chronic kidney 
disease (CKD).
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causes of death in .60% of COPD patients who died in 

two large randomized controlled pharmacological trials.10,28 

Comorbidity also determined the need for hospitalization, 

length of hospital stay, and hospital readmissions for 

COPD.

Summarizing the burden of comorbidities by the use of a 

score is desirable, due to the fact that classification of patients 

could be immediate and it allows a better comprehension of 

results. Different indexes have been developed in order to 

determine the risk of death in COPD patients, including the 

BODE (body mass index [BMI], airflow obstruction, dys-

pnea, and exercise capacity), the ADO (age, dyspnea, and 

obstruction), and the DOSE (dyspnea, obstruction, smoking, 

and exacerbation) ones, but all of them considered a func-

tional parameter such as the forced expiratory volume in the 

1st second (FEV
1
).29–31 However, data about the prognostic 

value of comorbidity indices in these subjects are still a 

matter of debate.

The most commonly adopted index for comorbidities 

is the CCI, which along with metabolic and heart diseases 

reduced the probability to improve outcomes of pulmonary 

rehabilitation in inpatients and outpatients with COPD 

undergoing rehabilitation.32 CCI has been adopted to quan-

tify comorbidity in cohorts of patients hospitalized for acute 

exacerbation of COPD.33,34 Almagro et al35 longitudinally 

evaluated patients hospitalized for a COPD exacerbation and 

found that CCI was associated with mortality after adjust-

ment for age, pulmonary function, and functional status. 

Also in our study, CCI impacted negatively on the outcome 

of COPD patients. On the other hand, as well as for age, the 

impact of CCI on mortality depends on patients’ selection. 

In addition to comorbidity, renal dysfunction is an important 

factor to be considered in the CCI calculation. In this study, 

we evaluated the two conditions, ie, CCI and renal function, 

separately and we found that renal dysfunction was a major 

determinant of COPD patients’ survival. CKD is frequently 

diagnosed in older people with a prevalence of .20%,36 and 

between 2.5 and 3 million people are suspected to be affected 

by CKD in Italy.37 Previous studies conducted in the same 

country reported that renal dysfunction is independently asso-

ciated with IHM due to myocardial infarction,38 stroke,39 and 

COPD exacerbations.13 We found that renal dysfunction was 

a frequent comorbid condition of COPD patients, recorded 

in 10.2% of cases, especially if they were aged $75 years. 

These data are in agreement with a recent meta-analysis 

suggesting that the presence of CKD was associated with 

increased short-term mortality during severe COPD exac-

erbations leading to hospitalization.40 In .175,000 COPD 

patients, all-cause in-hospital death occurred in 13.7% of 

cases and was associated with several comorbid conditions, 

including CKD.41 A recent study from the US42 evaluated 

56,960 patients with CKD of whom 2,667 had COPD. The 

authors evaluated the impact of COPD in CKD patients by 

analyzing all-cause mortality and found that age, African-

American race, BMI ,18.5 kg/m2, diabetes, malignancy, 

coronary artery disease, congestive heart failure, hyperten-

sion, and smoking status were factors associated with COPD. 

Survival of subjects with COPD was lower; moreover, COPD 

was associated with fourfold higher mortality risk of respira-

tory related deaths. It should be underlined that the design 

was different from this study, which examines the impact of 

renal dysfunction in a cohort of COPD patients; however, 

both results confirm the concurrent role of COPD and CKD 

in increasing the risk of death.

It has been suggested that COPD could be a manifestation 

of systemic inflammatory syndrome, and renal dysfunction 

Table 3 Patients discharged with a diagnosis of COPD: hazard ratios (hrs) with 95% CI for overall mortality estimated by Cox 
regression

Population features Overall cohort Patients aged 45–84 years

HR (CI) P-value HR (CI) P-value

age, years 1.07 (1.06–1.07) ,0.001 1.06 (1.06–1.06) ,0.001
Females vs males 0.76 (0.73–0.78) ,0.001 0.74 (0.71–0.77) ,0.001
severity score 1 vs 0 1.39 (1.34–1.44) ,0.001 1.45 (1.40–1.51) ,0.001
severity score 2 vs 0 1.69 (1.57–1.82) ,0.001 1.83 (1.68–1.99) ,0.001
Charlson 1 vs 0 1.31 (1.26–1.36) ,0.001 1.39 (1.32–1.45) ,0.001
Charlson 2 vs 0 1.57 (1.50–1.64) ,0.001 1.70 (1.61–1.80) ,0.001
Charlson 3+ vs 0 1.84 (1.74–1.95) ,0.001 1.99 (1.86–2.13) ,0.001
CKD 1.36 (1.30–1.42) ,0.001 1.41 (1.33–1.50) ,0.001

Notes: Severity score was defined by none, one, or both of the following criteria: an hospital diagnosis or an exemption from medical charges due to respiratory failure; 
previous hospitalizations for COPD. Modified Charlson index: the modified version of the Charlson Comorbidity Index (CCI) adapted to ICD-9-CM codes was adopted 
based on diseases reported during hospitalizations.
Abbreviations: HR, hazard ratio; CI, confidence interval; CKD, chronic kidney disease; ICD-9-CM, International Classification of Diseases, 9th Revision, Clinical Modification.
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in COPD patients may be associated with systemic 

inflammation43 and malnutrition,44 the latter two being risk 

factors for COPD exacerbations.45

This study has several limitations. Potentially important 

data such as disease severity, including the degree of renal 

dysfunction, were not available. COPD diagnosis was based 

on ICD-9-CM codes, without spirometry data, and the limited 

utility of these codes to define COPD has been reported.46,47 

It has been shown that physicians could underestimate 

clinical conditions of COPD patients without considering 

spirometry data.48 In the same way, renal failure diagnosis 

was not based on glomerular filtration rate evaluation because 

we could not record biochemical parameters. Furthermore, 

analyses of claims data probably underestimated the preva-

lence of selected pathologies among the very elderly, such 

as ischemic heart diseases, peripheral arterial diseases, and 

liver diseases.

Variables with potential impact on mortality, such as 

home oxygen therapy status, respiratory disability grade, low 

level of continuity of care,49 and severity of illness,50 could 

only be approximated by claims data.

We could not take into account important determinants of 

health outcomes for chronic diseases, such as socioeconomic 

status,51 neither consider the effect of environmental factors, 

such as air pollution.52,53

Finally, we did not take into account variables describing 

precisely the clinical status of patients, including BMI, 

smoking status, blood pressure, and therapy. Moreover, we 

could not ascribe renal dysfunction to any specific cause. On 

the other hand, our aim was merely to evaluate the impact 

of clinically defined comorbidity by the use of claims data 

on outcomes54 and specifically to evaluate the impact of a 

clinical comorbidity score and CKD on mortality.

Conclusion
Overall survival of COPD patients was heavily affected by 

the presence of comorbidities, namely, CKD. The analysis 

of claims data allowed investigation of long-term prognosis 

in a large population representative of everyday practice. 

These data could help health care providers in optimizing 

interventions and resource allocation given the increase in 

health care costs associated with multiple comorbidities.55 

Physicians should consider CKD and other coexisting dis-

eases when caring for COPD patients.
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