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Abstract
Background and objective Chronic obstructive pulmonary disease (COPD) and heart failure (HF) mutually increase the 
risk of being present in the same patient, especially if older. Whether or not this coexistence may be associated with a worse 
prognosis is debated. Therefore, employing data derived from the REPOSI register, we evaluated the clinical features and 
outcomes in a population of elderly patients admitted to internal medicine wards and having COPD, HF or COPD + HF.
Methods We measured socio-demographic and anthropometric characteristics, severity and prevalence of comorbidities, 
clinical and laboratory features during hospitalization, mood disorders, functional independence, drug prescriptions and 
discharge destination. The primary study outcome was the risk of death.
Results We considered 2,343 elderly hospitalized patients (median age 81 years), of whom 1,154 (49%) had COPD, 813 
(35%) HF, and 376 (16%) COPD + HF. Patients with COPD + HF had different characteristics than those with COPD or HF, 
such as a higher prevalence of previous hospitalizations, comorbidities (especially chronic kidney disease), higher respira-
tory rate at admission and number of prescribed drugs. Patients with COPD + HF (hazard ratio HR 1.74, 95% confidence 
intervals CI 1.16–2.61) and patients with dementia (HR 1.75, 95% CI 1.06–2.90) had a higher risk of death at one year. The 
Kaplan–Meier curves showed a higher mortality risk in the group of patients with COPD + HF for all causes (p = 0.010), 
respiratory causes (p = 0.006), cardiovascular causes (p = 0.046) and respiratory plus cardiovascular causes (p = 0.009).
Conclusion In this real-life cohort of hospitalized elderly patients, the coexistence of COPD and HF significantly worsened 
prognosis at one year. This finding may help to better define the care needs of this population.
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Introduction

Chronic obstructive pulmonary disease (COPD) and heart 
failure (HF) are prevalent clinical conditions among older 
patients [1], frequently coexisting in the same multimorbid 
individual [2]. Compared with a general population, patients 
with COPD are more than twofold likely to have a cardiovas-
cular disease [3], while approximately 1 in 7 patients with 
heart failure, even those with preserved ejection fraction, 
have concomitant COPD [4]. Smoking habits and chronic 
systemic inflammation are commonly shared risk and 
mechanistic factors [5], and advanced age may increase the 
prevalence of this association. In a real-life setting of inter-
nal medicine and geriatric wards and in a cohort of elderly 
patients with multimorbidity, inpatients with COPD had a 
higher prevalence of HF (29%) than those without (18%) [6].
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Although management and treatment differ, breathless-
ness may make it difficult to diagnose and distinguish COPD 
from HF [7]. Studies comparing these two diseases for some 
clinical outcomes focus on exciting considerations on simi-
larities and differences, but findings often disagree. Taken 
separately, COPD and HF had a similar risk of hospitaliza-
tion and death at three years in an outpatient setting [8]. 
However, when COPD and HF occur together, their coex-
istence may be associated with a worse outcome than either 
condition alone [9–11], suggesting a dangerous interaction 
between the two diseases [12], even in the context of a very 
long follow-up of community-dwelling elderly subjects 
[13]. Such an additive prognostic effect seems to vary in the 
literature according to the selection criteria employed for 
the different index patient populations, being slightly more 
evident in COPD with HF [9, 14] than in HF with COPD 
[15]. In the latter category of outpatients, the coexistence of 
other comorbidities (such as chronic kidney disease, anemia 
or diabetes) makes this association less strong [15]. Simi-
larly, data from a long-term registry of the European Society 
of Cardiology Heart Failure show that in hospitalized HF 
patients, the concomitant presence of COPD did not increase 
significantly the risk of all-cause mortality at one-year [16]. 
On the other hand, in a recent meta-analysis including 18 
studies (6 post-hoc analyses of randomized controlled tri-
als and 12 observational studies), COPD, if present in HF 
patients was associated with a 24% increased risk for all-
cause mortality but not for cardiovascular mortality [17]. 
Thus, further evidence is needed concerning the role that 
COPD and HF may have in the same patient.

The association between COPD and HF has been gen-
erally evaluated in outpatients and hospitalized patients 
in the context of specialized care settings, pneumological 
or cardiological. Such a two-cohort approach (e.g., start-
ing from patients with a well-known/prevalent disease with 
or without another less-known/secondary disease) allows 
to observe only an added effect to the original cohort [9, 
15–17]. However, less information is available in other set-
tings, particularly in the real life of internal medicine wards, 
characterized by a holistic approach to hospitalized elderly 
patients and multiple chronic conditions, thus allowing an 
accurate evaluation of the relative weight of each condition. 
With this background and gaps of knowledge, our working 
hypothesis was that only the coexistence of both diseases in 
the same patient would influence clinical outcome. There-
fore, we chose to describe clinical features, hospital care 
and outcomes of elderly inpatients with COPD, HF or both 
admitted to internal medicine and geriatric hospital wards 
participating in the REPOSI registry.

Methods

Study population

This retrospective cross-sectional study analyzed data 
from the REPOSI registry in the recruitment years span-
ning from 2010 to 2018. REPOSI, an independent registry 
run by the Italian Society of Internal Medicine (SIMI), 
the Mario Negri Institute for Pharmacological Research 
and the IRCCS Foundation Maggiore Policlinico Hos-
pital, involved a network of internal medicine and geri-
atric wards in order to collect data on polypharmacy in 
elderly patients often affected by multiple diseases [18]. 
The registry design is accessible on the related website 
[19]. Patients 65 years or older who gave informed con-
sent and were admitted to Internal or Geriatric Medicine 
wards during the four index weeks chosen for recruitment 
each year (in February, June, September and December) 
were eligible for REPOSI. During each index week, data 
concerning socio-demographic details, the main reason for 
admission and comorbidities, diagnoses, drug treatment, 
clinical events during hospitalization and outcome were 
recorded in at least ten consecutively enrolled patients 
from each ward. In addition, data on mortality or any new 
hospitalization were collected by a telephone interview 
performed by a physician three and twelve months after 
hospital discharge.

Subjects were referred to as having COPD or HF if a 
disease diagnosis was reported in medical charts or the 
diagnosis was made at hospital admission, according to 
the codes reported in the International Classification of 
Diseases system (ICD-9), 9th Edition. We considered the 
ICD-9 codes 491.x, 492.x, and all subsequent subcodes 
to define patients with COPD and the ICD-9 code 428.x 
and all subsequent subcodes to define patients with HF. 
Patients with both conditions were considered as a sepa-
rate group (COPD + HF). Other comorbidities related to 
specific ICD-9 codes were reported (see Appendix).

Measurements and outcomes

In the three diagnosis groups (COPD, HF, COPD + HF), 
we collected socio-demographic and anthropometric vari-
ables such as age, sex, body mass index (BMI), marital 
status, living arrangement, low-income work, years of edu-
cation and need for a caregiver in the activities of daily 
living. Moreover, variables concerning a previous insti-
tutionalization or hospitalization, smoking and alcohol 
habits’, severity and comorbidity impact as assessed by 
the Cumulative Illness Rating Scale-CIRS [20, 21] and the 



Internal and Emergency Medicine 

1 3

prevalence of the more common diseases (hypertension, 
hypercholesterolemia, coronary artery disease, atrial fibril-
lation, peripheral arterial disease, diabetes, chronic kidney 
disease, osteoporosis, dementia, depression, cancer) were 
also collected.

On admission, we evaluated the following characteris-
tics: body temperature, systolic and diastolic blood pressure, 
heart and respiratory rate, laboratory data (fasting glucose, 
creatinine, hemoglobin, erythrocytes, mean corpuscular 
volume, leukocytes, platelets, cholesterol, albumin, pro-
thrombin time), oxygen saturation by pulse oximetry  (SpO2), 
presence of pressure ulcers or need for a urinary catheter, 
cognitive status and mood disorders (by the Short Blessed 
Test-SBT [22] and the Geriatric Depression Scale-GDS 
[23], respectively). Furthermore, functional independence 
(by the Barthel Index-BI [24]), drug prescriptions (at admis-
sion, during hospitalization, at three months and one-year 
follow-up) and the place of destination at discharge were 
also evaluated.

The primary outcome was the risk of death, evaluated 
during hospitalization and follow-ups at three, six, and 
twelve months. The risk of death has been considered for all 
causes, respiratory causes only, cardiovascular causes only 
and respiratory and cardiovascular causes together. Other 
outcomes were duration of hospital stay and readmission 
rate (at three months and one-year follow-up).

Statistical analysis

A preliminary Shapiro–Wilk test was performed. Data hav-
ing a non-normal distribution have been reported as num-
bers (percentages) for categorical variables and medians [1st 
quartile; 3rd quartile] for continuous variables. Categorical 
variables were compared using the chi square test or the 
Freeman-Halton extension of Fisher’s exact test [25], while 
continuous variables were assessed by the non-parametric 
Kruskal–Wallis H or Mann–Whitney U tests, as appropriate.

Cox proportional hazard regression models were used to 
predict the risk of death for all causes [26]. The hazard ratio 
(HR) and 95% confidence intervals (CI) were calculated. Time-
to-event variables were analyzed using Kaplan–Meier survival 
curves; the Gehan–Breslow–Wilcoxon test was applied due to 
its ability to emphasize early between-group differences [27].

All analyses were performed using IBM SPSS, ver-
sion 25.0 (IBM Corp., Armonk, NY, USA) and a p-value 
of < 0.05 has been considered statistically significant.

Results

Our study population considered 2,343 hospitalized patients, 
of whom 1,154 (49%) were those with COPD, 813 (35%) 
with HF and 376 (16%) with COPD + HF. The general 

characteristics of the study population are reported in Table 1. 
Differences were found among the three study groups: as 
compared to COPD patients, HF patients were older, with 
more females, had more frequent previous hospitalisations 
and such comorbidities as arterial hypertension, atrial fibrilla-
tion, diabetes and chronic kidney disease, as well as the need 
of a caregiver. HF patients had lower smoking and alcohol 
habits than COPD patients. On the other hand, patients with 
COPD + HF (in comparison to COPD alone) were older with 
more comorbidities (atrial fibrillation, diabetes and chronic 
kidney disease); while in comparison to HF, they were more 
frequently males with a higher prevalence of current and for-
mer smoking status and alcohol habits. Moreover, patients 
with COPD + HF had more previous hospitalisations and 
comorbidities (as assessed by CIRS) than COPD or HF.

Functional, clinical and laboratory variables are illustrated 
in Table 2. At admission, patients with COPD + HF had lower 
values of  SpO2 than those with HF, while the respiratory rate 
was higher in COPD + HF patients as compared to COPD and 
HF only. Values of SBT for cognitive status were higher in HF 
(in comparison to COPD), while values of GDS for mood dis-
orders were higher in HF and COPD + HF compared to COPD 
only. The measure of functional independence (evaluated by 
BI, ad admission, during hospitalization and three months 
post-discharge) was worse in patients with HF only and 
COPD + HF as compared to COPD. Compared with COPD 
and HF alone, drug prescriptions (at admission, discharge and 
three months follow-up) were higher in COPD + HF. The need 
for a urinary catheter was lower in COPD.

Table 3 reports the univariate and multivariate-adjusted 
Cox regression models predicting the risk of death for all 
causes at one year. In the univariate analysis, variables sig-
nificantly increasing the risk of death were: the presence of 
COPD + HF (reference: COPD), age ≥ 85 years, male sex, 
underweight (reference: normal weight), a CIRS-CI value ≥ 3, 
the presence of coronary artery disease, chronic kidney dis-
ease, dementia, cancer, a SBT score ≥ 10, a GDS score > 2, 
and a BI ≤ 40. The overweight and current smokers (versus 
former) were demonstrated to have a lower risk of death. The 
multivariate-adjusted model confirmed a statistically signifi-
cant and independent risk of worse prognosis for patients with 
COPD + HF (HR 1.74; 95% CI 1.16–2.61; p = 0.008) and 
those with dementia (HR 1.75; 95% CI 1.06–2.90; p = 0.030).

Figure 1 reported the distribution of survivors/deaths in 
the three groups of patients. Deaths were significantly more 
numerous in COPD + HF in the follow-up of six months and 
one year (χ2 7.74, p = 0.021 and χ2 9.69, p = 0.008, respec-
tively). In addition, the Kaplan–Meier curves of the three 
study groups (Fig. 2) showed a stratified and statistically 
significant higher risk of mortality for all causes (p = 0.010 
at Gehan–Breslow–Wilcoxon test), respiratory causes 
(p = 0.006), cardiovascular causes (p = 0.046) and respiratory 
and cardiovascular causes (p = 0.009).
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Discussion

An elderly patient with COPD or HF represents a proto-
type to evaluate chronicity and disease progression, and the 
internist as a hospitalist is the physician that should typically 
exercise a holistic approach to complexity [28]. In a large 
population of elderly patients admitted to internal medicine 

wards, our findings demonstrate that the coexistence of both 
diseases in the same patients is associated with clinical pecu-
liarities, particularly a worse prognosis in the context of a 
follow-up of one year. Therefore, a synergic association may 
be hypothesized.

The burden of chronicity is globally becoming a major 
challenge for health care systems. Thus, the identification 

Table 1  General characteristics of the study population

Data are shown as numbers of patients (percentage) or medians [1st quartile; 3rd quartile]. Percentages are calculated for non-missing data
In bold are significant variables
COPD indicates Chronic Obstructive Pulmonary Disease, HF heart failure, BMI body mass index, CIRS-SI and CIRS-CI Cumulative Illness Rat-
ing Scale, severity and comorbidity index, respectively, CAD coronary artery disease, PAD peripheral arterial disease
*  and **p < 0.05 and p < 0.001 versus COPD
§  and §§ p < 0.05 and p < 0.001 versus HF
#  Values of medians [25°–75° percentiles] were 5 [5, 8] in all three groups, not descriptive of differences

Variables COPD
(N = 1,154)

HF
(N = 813)

COPD + HF
(N = 376)

p-Value

Age, years (N = 2,343) 80 [74; 85] 82 [77; 87] ** 82 [76; 87] **  <  0.001
Sex, male (N = 2,343) 713 (62) 350 (43) ** 230 (61) §§  <  0.001
BMI, kg∙m2 (N = 2,037) 25.5 [22.7; 28.7] 25.9 [22.8; 29.4] 26 [23; 29.6] 0.108
Regions of enrollment (N = 2,324) 0.965
 Northern Italy 616 (54) 430 (54) 198 (53)
 Center Italy 215 (19) 156 (19) 68 (18)
 Southern Italy 316 (27) 217 (27) 108 (29)

Marital status, married or widow (N = 2,251) 1007 (90) 708 (91) 325 (91) 0.737
Living arrangement, alone/partner/sons 

(N = 2,229)
257 (23)/528 (48)/145 (13) 168 (22)/330 (43)/153 (20) * 84 (23)/148 (41)/64 (18) 0.006

Low-income work (N = 1,714) 672 (80) 504 (84) 234 (86) * 0.044
Years of education, mean (95% CI) 

(N = 2,042)#
7.2 (6.9—7.4) 6.9 (6.7—7.3) 6.5 (6.1—6.9) * § 0.014

Caregiver (N = 2,300) 631 (56) 510 (64) ** 234 (63) *  <  0.001
Partner/sons/other (N = 1,363) 229 (36)/274 (44)/124 (20) 127 (25)/270 (54)/106 (21) ** 80 (34)/105 (45)/48 (21) § 0.001
Previously institutionalized (N = 2,329) 66 (5.8) 55 (6.8) 20 (5.4) 0.534
Previously hospitalized (N = 2,056) 428 (43) 362 (51) * 206 (61) ** §  <  0.001
Smoking habit, former/current (N = 2,276) 576 (51)/187 (17) 267 (34)/33 (4.2) ** 200 (54)/41 (11) * §§  <  0.001
Pack/year (N = 842) 39 [20; 55] 27.5 [12.37; 44.25] ** 37.5 [20; 61.25] §§  <  0.001
Alcohol habit, former/current (N = 2,249) 173 (16)/406 (36) 96 (12)/216 (28) ** 48 (14)/128 (35) §  <  0.001
CIRS-SI (N = 2,341) 1.69 [1.53; 1.92] 1.69 [1.53; 2] 1.85 [1.69; 2.08] ** §§  <  0.001
CIRS-CI (N = 2,341) 3 [2; 5] 3 [2; 5] 4 [3; 5] ** §§  <  0.001
Arterial hypertension (N = 2,342) 907 (79) 688 (85) * 312 (83) 0.003
Hypercholesterolemia (N = 2,343) 61 (5.3) 42 (5.2) 22 (5.9) 0.883
CAD (N = 2,343) 278 (24) 193 (24) 108 (29) 0.142
Atrial fibrillation (N = 2,343) 287 (25) 356 (44) ** 162 (43) **  <  0.001
PAD (N = 2,343) 64 (5.5) 32 (3.9) 23 (6.1) 0.168
Diabetes (N = 2,343) 312 (27) 263 (32) * 139 (37) **  <  0.001
Chronic kidney disease (N = 2,343) 268 (23) 295 (36) ** 164 (44) **§  <  0.001
Osteoporosis (N = 2,343) 98 (8.5) 55 (6.8) 22 (5.9) 0.153
Dementia (N = 2,343) 90 (7.8) 70 (8.6) 23 (6.1) 0.330
Depression (N = 2,343) 83 (7.2) 47 (5.8) 18 (4.8) 0.185
Cancer (N = 1,311) 74 (12) 55 (11) 33 (15) 0.259
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of the varied clinical characteristics may help to better focus 
on the health policy administrative-economic efforts, higher 
health care resource utilization and costs [29], highlight-
ing the possibility for a multidisciplinary and integrated 
care plan of cure. Our study reinforces these considerations 

by comparing patients with COPD, HF or COPD + HF. 
Although some aspects reported herewith are well known, 
such as the specific phenotypic characteristics of HF patients 
(prevalently older females in comparison to COPD), we 
found that the burden of care was progressively higher from 

Table 2  Functional, clinical and laboratory data

Data are shown as numbers of patients (percentage) or medians [1st quartile; 3rd quartile]. Percentages are calculated for non-missing data.
In bold are significant variables
COPD indicates Chronic Obstructive Pulmonary Disease, HF heart failure, SpO2 oxygen saturation by pulse oximetry
*  and **p < 0.05 and p < 0.001 versus COPD
§  and §§p < 0.05 and p < 0.001 versus HF

Variables COPD HF COPD + HF p-Value

Body temperature, °C (N = 2,196) 36.2 [36; 36.8] 36.1 [36; 36.6] * 36 [36; 36.7] 0.028
Systolic blood pressure, mmHg (N = 2,332) 130 [120; 140] 130 [110; 140] * 125 [110; 140] ** 0.001
Diastolic blood pressure, mmHg (N = 2,331) 70 [65; 80] 70 [60; 80] * 70 [63.75; 80] 0.003
Heart rate, bpm (N = 2,319) 80 [70; 90] 80 [70; 90] 80 [70; 90] 0.222
Respiratory rate, bpm (N = 1,127) 18 [16; 22] 18 [15; 22] * 20 [16; 24] * §§  <  0.001
Fasting glucose, mg/dL (N = 2,258) 111 [92; 142] 115 [95; 149] 113.5 [96; 150] 0.053
Creatinine, mg/dL (N = 2,321) 1.01 [0.8; 1.4] 1.2 [0.9; 1.78] ** 1.3 [0.95; 1.78] **  <  0.001
Hemoglobin, mg/dL (N = 2,328) 12.1 [10.5; 13.6] 11.4 [9.8; 13] ** 12 [10.6; 13.3] §§  <  0.001
Erythrocytes, million cells per mcL (N = 2,307) 4.18 [3.64; 4.61] 4 [3.49; 4.5] ** 4.1 [3.7; 4.6] § 0.001
Mean corpuscular volume, fL (N = 2,312) 89.9 [85; 94] 89.85 [83; 94] 90 [85; 95] 0.099
Leukocytes, cells per microliter (×  103/μL) (N = 2,319) 8.58 [6.5; 11.6] 8.16 [6.25; 10.73] 8.5 [6.4; 11.4] 0.060
Platelets (cells per microliter) (×  103/μL) (N = 2,323) 222 [170; 282.5] 214 [164; 282.5] 225 [160; 279.5] 0.616
Cholesterol (mg/dL) (N = 1,626) 154 [126; 186] 144 [118; 178] ** 152 [123.75; 174]  <  0.001
Albumin, gr/dL (N = 1,417) 3.4 [3; 3.8] 3.3 [2.97; 3.6] * 3.3 [2.9; 3.8] 0.019
Prothrombin time—INR (N = 2,144) 1.1 [1; 1.25] 1.2 [1.05; 1.76] ** 1.16 [1.02; 1.6] **  <  0.001
SpO2, % (N = 1,795) 95 [92; 97] 96 [94; 97] * 95 [92; 97] §§  <  0.001
Pressure ulcers (any stages) (N = 1,742) 25 (2.9) 30 (5) 12 (4.4) 0.118
Need for urinary catheter (N = 2,284) 322 (29) 375 (47) ** 171 (46) **  <  0.001
Short Blessed Test score (N = 2,010) 8 [2; 14] 9 [4; 16] * 9 [4; 16] 0.020
Geriatric Depression Scale score (N = 1,841) 1 [0; 2] 1 [1; 2] * 2 [1; 3] * 0.006
Barthel index
 At admission (N = 1,822) 88 [60.75; 100] 80 [51; 95] ** 77.5 [52; 92] **  <  0.001
 During hospitalization (N = 2,180) 84 [52; 98] 75 [39; 93] ** 72.5 [39.75; 91.25] **  <  0.001
 At 3-month follow-up (N = 1,162) 86 [62; 98] 82 [52; 97] * 80 [57; 93] * 0.006
 At 12-month follow-up (N = 300) 79 [51; 91] 75 [36.5; 95] 77.5 [55.5; 91.5] 0.961

Drugs prescriptions (number of drugs)
 At admission (N = 2,335) 6 [4; 8] 7 [5; 9] ** 8 [6; 10] ** §§  <  0.001
 At discharge (N = 2,001) 9 [6; 12] 9 [7; 12] * 11 [7; 14] ** §§  <  0.001
 At 3-month follow-up (N = 1,326) 7 [4; 10] 7 [6; 10] * 8 [6; 11] **  <  0.001
 At 12-month follow-up (N = 361) 6 [3; 9] 7 [4; 9] 9 [6; 12] ** §  <  0.001

Length of hospital stay, days (N = 2,162) 10 [7; 15] 10 [7; 15] 10 [7.25; 14] 0.836
Destination at discharge (N = 1,596) 0.207
 Home 734 (92) 480 (88) 233 (92)
 Nursing home 31 (3.9) 36 (6.6) 12 (4.7)
 Rehabilitation 24 (3) 22 (4) 8 (3.1)
 Palliative care 7 (0.9) 8 (1.5) 1 (0.4)

Readmission at 3 months (N = 2,044) 154 (15) 98 (14) 52 (16) 0.645
Readmission at 12 months (N = 1,946) 178 (18) 107 (16) 65 (22) 0.098
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COPD to HF, reaching the maximal impact in patients hav-
ing both the diseases. In them, there were a high number 
of previous hospitalizations, comorbidities with a peculiar 
prevalence of chronic kidney disease and also a higher num-
ber of drugs prescriptions at admission, discharge and fol-
low-up. All these data identify a clinical subset with a worse 
mortality prognosis for all causes, evident after 6 months 
and significant at 1 year (Table 3 and Figures).

Patients with COPD + HF represent clinically complex 
patients with different phenotypes, in whom baseline vari-
ables as sex, age and associated comorbidities have a differ-
ent pattern of expression. In general, COPD and HF have a 
higher prevalence in men and women, respectively [30, 31]. 
However, in the present cohort, patients with both conditions 
had a sex-specific prevalence similar to COPD alone [32]. 
Age is a significant risk factor for most chronic diseases 
and multimorbidity is dramatically present in older patients 
[33]. The multimorbidity profile of these diseases in the 
aging process has been studied from a network perspective, 

revealing that in patients with COPD + HF the number of 
concomitant chronic conditions is substantially higher than 
that found in the general population [32]. The burden of 
comorbidities, shown by selectively higher values of CIRS-
SI and CIRS-CI in our patients with COPD + HF, may be 
of help to direct prevention and management strategies. Of 
note, the trend in diabetes prevalences (27%, 32% and 37% 
in COPD, HF, and COPD + HF patients, respectively), along 
with a higher and significant difference in chronic kidney 
(44% in patients with COPD + HF) suggests a link among 
these chronic conditions, all mediated by dysmetabolism and 
low-grade chronic inflammation [34]. Furthermore, in the 
last few years HF has been consistently associated with the 
presence of clonal hemopoiesis of indeterminate potential 
(CHIP), a common age-related phenomenon characterized 
by the presence of somatic mutations in clonal leukocytes 
that are able to drive an aberrant inflammatory response 
[35]. Recently, also COPD has been associated with CHIP 
[36], which may therefore be a common ground for COPD 

Table 3  Univariate and multivariate-adjusted Cox regression models predicting the risk of death for all causes at one year

The multivariate model has been adjusted for anthropometric variables, smoking habit, comorbidities, overt cognitive impairment, probable 
depression and clinically significant disability
COPD indicates Chronic Obstructive Pulmonary Disease, HF heart failure, HR hazard ratio, CIRS-CI Cumulative Illness Rating Scale, comor-
bidity index, SBT short blessed test, GDS geriatric depression scale, BI Barthel index
In bold are significant variables
The Hosmer and Lemeshow Test for the multivariate adjusted model was p = 0.877

Univariate Multivariate-adjusted
HR p-Value HR p-Value

COPD 1 1
 HF 1.22 (0.96–1.55) 0.102 1.13 (0.77–1.65) 0.541
 COPD + HF 1.54 (1.16–2.03) 0.003 1.74 (1.16–2.61) 0.008

Age, ≥ 85 years 1.82 (1.47–2.25)  <  0.001
Male 1.36 (1.09–1.69) 0.005
Normal weight 1
 Underweight 1.95 (1.41–2.69)  <  0.001
 Overweight 0.72 (0.52–0.99) 0.045

Smoking habit, current 
(versus former)

0.61 (0.40–0.92) 0.019

CIRS-CI ≥ 3 1.66 (1.29–2.14)  <  0.001
Presence of coronary 

artery disease
1.27 (1.009–1.60) 0.042

Presence of chronic 
kidney disease

1.40 (1.12–1.74) 0.002

Presence of dementia 2.18 (1.61–2.95)  <  0.001 1.75 (1.06–2.90) 0.030
Presence of cancer 1.95 (1.39–2.73)  <  0.001
Overt cognitive impair-

ment (SBT score ≥ 10)
1.91 (1.49–2.45)  <  0.001

Probable depression 
(GDS score > 2)

1.38 (1.02–1.85) 0.033

Clinically significant dis-
ability (BI ≤ 40)

2.66 (2.07–3.41)  <  0.001
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and HF that warrants further studies to elucidate the poten-
tial pathophysiological link between the two conditions. 
Nonetheless, the simultaneous presence of both diseases 
highlights a population of elderly people with a higher mor-
bidity burden, usually associated with a greater risk of poly-
pharmacy [37] and higher use of healthcare services [38, 
39]. This aspect is in line with the higher number of drugs 
prescribed (at admission, discharge and follow-up) (Table 2) 
and the prevalence of previous hospitalizations (Table 1) in 
our patients with COPD + HF.

Prognosis in COPD + HF patients has been evaluated 
in different settings. Although several studies described 
a worsening effect of COPD and HF when coexisting in 
the same patient [9, 13, 15–17], data on hospitalized and 
elderly patients are scarce and do not confirm this finding 
[16]. However, the methodology of these studies, focused 
on a reference population (either COPD or HF) in which 
the additive effect of the other disease was evaluated, is 
likely to be the reason for discordant results, because these 

studies were carried out in pulmonological (COPD) or 
cardiological (HF) subspecialty settings and, thus, with 
varying diagnostic accuracy and treatment appropriate-
ness [40]. Moreover, they generally considered only two 
groups (e.g., COPD vs COPD + HF or HF vs HF + COPD), 
likely missing the comprehensive multimorbidity context 
typical of elderly patients as well as the opportunity to 
observe an interaction effect and the relative weight of 
both diseases (COPD plus HF) in the same patient. As 
compared to the existing knowledge, including very recent 
studies still based on administrative data from outpatients 
initially selected for a single disease (COPD) [41], the 
novelty of our study consists into the peculiar internal 
medicine dataset of elderly hospitalized patients, where 
we could perform a real-life evaluation by a head-to-head 
comparison of the three different conditions (COPD, HF 
and COPD plus HF). This allowed us to evaluate any sin-
gle difference among them, as well as to distinguish their 
burden effect on the outcomes. Of note, there were no 

Fig. 1  Percentage of deaths during hospitalization and in the follow-up of 3 and 6 months and one year. *p < 0.05 versus COPD. Numbers over 
black bars represent the absolute number of deaths
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differences in one-year mortality between COPD and HF 
alone, while mortality was significantly higher in patients 
with both diseases. Furthermore, the length of hospital 
stay was similar in the three groups, confirming that the 
hospitalization burden was similar. Throughout the entire 
follow-up period, we noted that although mortality rates 
during hospitalization and at three months were higher 
in patients with COPD + HF, this difference became sta-
tistically significant (versus COPD) only at six months 
and one year, perhaps owing to the long-term chronicity 
and complexity of these patients. Albeit not statistically 
significant, prognosis seems to be better for COPD alone 
than for HF alone [9, 15]. In the latter category, older 
age and a higher prevalence of other comorbidities (atrial 
fibrillation, diabetes and chronic kidney disease) might 
explain this result. Finally, in patients with COPD + HF, 
the higher risk of death was confirmed in the multivariate 
model adjusted for other common risk factors potentially 
influencing prognosis, such as anthropometric variables, 
smoking habit, comorbidities, cognitive impairment, 

depression and clinically significant disability. This find-
ing again highlights the several possible interactions and 
synergisms between COPD and HF [12] that did worsen 
the overall patient prognosis. In our stratification survival 
analyses, patients with COPD + HF had a worse mortality 
rate for all causes and respiratory or cardiovascular causes 
(Fig. 2). The presence of dementia, a predictor of death in 
elderly patients [42], was independently associated with 
mortality at one year.

The major strengths of the present study are the large and 
real-life cohort of elderly patients recruited and the novelty 
of an approach based upon the evaluation of these distinct 
patient categories. As for the limitations, we should men-
tion the retrospective nature of the analyses derived from 
a dataset registry, the relatively short follow-up (one year), 
and the lack of precise spirometric data confirming the per-
sistent airflow limitation of COPD patients. This limitation, 
which on the other hand is common to most of the studies 
published in the field, could have induced a an overdiagnosis 
of COPD mainly based on clinical findings and historical 

Fig. 2  Kaplan–Meier curves. The analysis has been performed with the Gehan–Breslow–Wilcoxon test. CV indicates cardiovascular
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informations [43]. With this caution in mind, this retrospec-
tive analysis demonstrates that hospitalized elderly patients 
with COPD and HF have a worse prognosis than those with 
COPD or HF alone. This finding may help to plan and tailor 
therapeutic and management interventions for these patients.

Appendix

ICD-9 Codes
Hypertension: 40.x
Hypercholesterolemia 272.0
Coronary artery disease: 411.1, 413.x, 414.8, 414.9
Atrial fibrillation: 427.31
Peripheral artery disease 440.2.x, 440.4.x, 443.9.x
Diabetes: 250.x
Chronic kidney disease: 585.x
Osteoporosis: 733.0, 733.01
Dementia: 290.x, 294.1
Depression: 296.2, 296.3, 311.0
Cancer: 14.x, 15.x, 16.x, 17.x, 18.x, 19.x, 20.x
x: refers to all the subsequent subcodess
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