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(p < 0.05). Multivariate analysis indicates that CHF 
(Hazard risk = 1.67, 95% confidence interval 1.15–3.27, 
p < 0.031) and COPD (Hazard risk = 1.27, 95% confidence 
interval = 1.08–1.85, p < 0.042) were predictive of long-
term mortality. When CHF and COPD simultaneously 
occurred, the risk dramatically increased up to 3.73 (95% 
confidence interval = 1.19–6.93, p < 0.001).
Conclusions  Long-term follow-up showed higher mor-
tality among elderly subjects affected by CHF or COPD. 
Simultaneous presence of CHF and COPD significantly 
increased the risk of death. Therefore, the presence of 
COPD in CHF patients should be considered a relevant fac-
tor in predicting high risk of mortality.

Keywords  Chronic heart failure · Chronic obstructive 
pulmonary disease · Elderly · Mortality

Introduction

Chronic Obstructive Pulmonary Disease (COPD) is a very 
common disease being the fourth leading cause of death in 
western countries [1–3].

Epidemiologic data on COPD prevalence show a 
remarkable variability among cohorts due to differences 
in risk factor exposure and in data acquisition and analysis 
[4].

Nevertheless, it is well established that with increasing 
life expectancy and with the resulting prolonged exposure 
to risk factors, COPD incidence and prevalence are dramat-
ically increasing in the general population and are expected 
to rise in the next decades [5–7].

While aging itself is considered a risk factor for COPD 
development, the aging process within the airways and the 
lung parenchyma mimics some of the structural changes 
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associated with COPD [4]. It has been shown that COPD-
related morbidity and mortality increase with age and, 
more importantly, are significantly affected by comorbidi-
ties, representing a major social and economic burden for 
healthcare systems [4, 8].

Chronic Heart Failure (CHF) is highly prevalent with 
aging worldwide, reaching more than 20% prevalence in 
individuals aged >80 years and is becoming a significant 
health care issue in developed countries [7]. It represents 
the end stage in the cardiovascular disease (CVD) con-
tinuum, particularly of coronary heart disease and hyper-
tension [9, 10]. Despite continuous advances in the man-
agement of CHF patients, CHF morbidity and mortality 
remain high and are substantially affected by cardiac and 
non-cardiac comorbidity, especially in elderly patients [11, 
12].

In the last few years, the coexistence of COPD and CHF 
is emerging as a challenge for healthcare professionals [13]. 
In fact, despite the lack of definitive data on the preva-
lence of the association between CHF and COPD, it is well 
known that smoking habit is a common risk factor for both 
diseases [14, 15].

These two chronic conditions share some pathophysio-
logical mechanisms making the concurrent clinical diagno-
sis of COPD and CHF often difficult [13, 16]. Both COPD 
and CHF are characterized by low-grade systemic inflam-
mation, which contributes to atherosclerosis progression, 
endothelial dysfunction, and myocardial damage [17, 18]. 
Moreover, as COPD progresses, pulmonary vascular bed is 
damaged leading to pulmonary circulation impairment and 
right heart failure with resultant detrimental effects on left 
ventricular function [19, 20].

It is well known that independently COPD and CHF 
strongly affect survival in elderly patients [21, 22], whereas 
very little data are available on mortality where patients are 
simultaneously affected by COPD and CHF. Thus, the aim 
of the present study was to assess whether the coexistence 
of COPD would affect long-term mortality in community-
dwelling elderly subjects with CHF.

Methods

Study population

The “Osservatorio Geriatrico Regione Campania” was 
a cross-sectional study which started in 1992 in Campa-
nia, a Region in Southern Italy [23]. The study has been 
described elsewhere [24]. Briefly, the study enrolled 1780 
subjects aged 65 and older which were randomly selected 
from the electoral rolls, resident in the five municipali-
ties of Campania, and stratified by a three-step procedure 
according to age, sex, and size of urban unit [23, 24].

Of the 1780 enrolled subjects, 756 (42.5%) male and 
1024 (57.5%) female; 448 subjects (25.2%) refused to 
join in the study, resulting in a final study sample of 1332 
subjects. Thus, the final overall participation rate was of 
74.8%. Mortality was assessed up to the end of 2003 by 
death certificates in 1297 of the 1332 (97.4%) subjects 
enrolled in 1992; the remaining 35 (2.6%) subjects were 
could not be reached. In 9 (0.06%) of the 1297 enrolled 
subjects data on social support could not be collected [23, 
24]. Thus the final study sample was of 1288 subjects (554 
male and 734 female), among which 681 (52.9%), 324 men 
(58.5%), and 357 women (48.6%) died [23, 24]. Study par-
ticipants were reached at home or in their institution and 
carefully examined by physicians trained to administer a 
questionnaire encompassing cognitive and depression tests. 
Data concerning social status and demographic variables 
were also collected [23, 24]. The “Osservatorio Geriatrico 
Campano” study was a single-center observational study 
performed by the University of University of Naples “Fed-
erico II”—Faculty of Medicine. For its characteristics by 
the time it was designed in 1992, the study underwent ethi-
cal evaluation by the institutional review board for formal 
approval but, since it was not required, it did not receive 
any approval number. All participants, however, signed an 
informed consent form.

The following variables were considered.

Anthropometric measurement

As part of the physical examination, height and weight 
were obtained with the participants in the standing position 
without shoes and heavy outer garments. Body Mass Index 
(BMI) was calculated as weight divided by height squared 
(kg/m2) [24].

Blood pressure

Blood pressure was measured according to the criteria of 
the Joint National Committee on Detection, Evaluation, 
and Treatment of High Blood Pressure [23]. Three blood 
pressure measurements at 2  min intervals were recorded 
when the subject had been sitting for approximately 1  h, 
using a standard mercury sphygmomanometer [23]. The 
disappearance of sound (Korotkoff phase V) was used for 
the diastolic blood pressure reading. The mean value of the 
last two measurements was used for the analysis. Systolic, 
diastolic, and pulse (systolic–diastolic) blood pressure were 
recorded [23].

CHF diagnosis

Chronic Heart Failure diagnosis was considered when 
participants reported they were previously diagnosed 
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with CHF, and/or they received specific treatment with 
diuretics, digitalis, and/or vasodilators [25]. The diag-
nosis was confirmed through the physical examination 
and a careful review of participant’s medical records to 
verify the presence of atrial fibrillation, cardiomegaly, 
and pulmonary edema on chest X-ray, and/or evidence of 
left ventricular dilation and/or global or segmental wall 
motion abnormalities. Moreover, the following signs 
and symptoms were assessed and characterized: dysp-
nea, orthopnea, tachycardia, jugular venous distension, 
abdomino-jugular reflux, pulmonary rales, third sound, 
and edema [25]. When physical examination was per-
formed, these signs and symptoms were not categorized 
into major and minor. All subjects with chronic heart fail-
ure were identified and characterized at the enrollment in 
1992 and “de novo” heart failure cases were not identi-
fied after 1992 [25].

COPD diagnosis

The diagnosis of COPD was considered possible when 
participants reported previous clinical diagnosis of 
COPD, and/or they received specific treatment with 
inhaled beta-agonist and steroids either alone or in com-
bination [5]. The diagnosis was confirmed through the 
physical examination and a careful review of partici-
pant’s medical records of pulmonary function test (PFT) 
records. In particular, subjects were considered as having 
COPD if they had values of FEV1/FVC <0.70 and FEV1 
from ≥80% <50% predicted at PFT [5].

COPD diagnosis was confirmed with history of 
exposure to risk factors, presence of symptoms (dysp-
nea chronic cough and expectoration), and obstructive 
ventilator pattern, in terms of Tiffeneau Index (FEV1/
FVC <0.70%), FEV1, and FVC at spirometry [5].

Chronic conditions, cognitive function, and depression

Chronic conditions were evaluated from the past medi-
cal history analysis and confirmed by a trained physi-
cian through a careful clinical examination. Comorbidity 
was evaluated using the Cumulative Illness Rating Scale 
Severity Index and Charlson Comorbidity Index [8]. The 
Italian version of the Mini-Mental State Examination 
(MMSE) validated by Measso [23] was used to evaluate 
participant’s cognitive mental status. Cognitive impair-
ment was defined as an MMSE score of less than 24 [23]. 
The Geriatric Depression Scale (GDS) [26] was used to 
evaluate depressive symptoms. Data drug consumption 
(class and administration) were collected.

Disability

Disability was assessed the Basic Activities of Daily Liv-
ing (BADL) [27] score exploring the following domains: 
bathing or showering, dressing, eating, getting in and out of 
bed, transferring from bed to chair and using the toilet [27]. 
For each item a four-point score was attributed according 
to the function impairment: “uses no help to perform the 
activity”, “uses a device to perform the activity”, “uses 
assistance of another person to perform the activity”, “does 
not perform the activity”. Subjects who could not perform 
the function without help were considered disabled.

Social support

Social support analysis assessed three categories commonly 
described as social networks, social relationships, and eco-
nomic supports. Social networks refer to everyday contacts 
including size, density, reciprocity, durability, intensity, 
and frequency of contacts. Social relationships refer to the 
existence, quantity, and type of relationships [28]. The final 
score of these items ranges from 0 to 17, the lowest social 
support level corresponding to the highest score. The score 
was divided in tertiles: 0 to 5 for the highest level of social 
support (score = 1), 6 to 12 for medium (score = 2), and 13 
to 17 for lowest social support (score = 3).

Statistical analysis

Data were collected and analyzed using the SPSS 13.0 sta-
tistics package. Baseline characteristics of the sample are 
expressed as mean ± standard deviation. Study participants 
were stratified based on the presence and absence of CHF, 
on the presence and absence of COPD, and on the presence 
and absence of both CHF and COPD. Differences in sex 
(female), current smoking, former smoking, MMSE <24, 
and BADL (≥1 function lost) were assessed with χ2 analy-
sis. Differences in age, BMI, heart rate, systolic, diastolic, 
and pulse blood pressure, Cumulative Illness Rating Scale 
(CIRS), Charlson Comorbidity Index, drugs number, GDS, 
and social support were evaluated by one-way ANOVA. To 
evaluate the effects of CHF, COPD and of the coexistence 
of CHF and COPD on long-term mortality multivariate 
analysis was performed independently of the role exerted 
by age, sex female, BMI, heart rate, pulse pressure, NYHA 
class, CIRS, drugs number, current smoking, former 
smoking, MMSE <24, GDS, BADL (≥1 lost), and social 
support. Hazard ratio (HR) and 95% confidence interval 
(CI) were calculated for each variable. Since interaction 
between CHF and COPD (HR = 3.41, 95% CI = 1.92–6.12), 
between CHF and CHF and COPD together (HR = 3.57, 
95% CI = 1.93–6.42, <0.001), and between COPD by coex-
istence of CHF and COPD (HR = 1.47, CI 95% 1.18–1.85, 
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p < 0.001) were significant, separate multivariate analyses 
on the role of CHF, COPD and coexistence of CHF and 
COPD were performed. Finally, survival curves with Cox 
regression analysis were performed by selecting the mor-
tality of all subjects, subjects with CHF or COPD, and in 
subjects with coexistence of CHF and COPD. A p < 0.05 
was considered significant.

Results

Subjects with CHF were older than subjects without 
CHF. In addition, heart rate, NYHA III–IV class, Charl-
son comorbidity Index, drugs number, MMSE <24, GDS, 
BADL lost ≥1, low social support were higher in CHF sub-
jects (Table 1).

Subjects with COPD were older than subjects without 
COPD. As expected, male sex, current, and former smok-
ing status was more prevalent in COPD subjects. Heart 
rate, NYHA III–IV class, and drugs number were higher in 
elderly subjects with COPD than in those without. More-
over, Charlson comorbidity Index, GDS score, and the 
prevalence of BADL lost ≥1 were higher in COPD subjects 
(Table 1).

Subjects with coexisting CHF and COPD were older 
and former smokers were more prevalent. In addition, in 
these subjects heart rate, pulse BP, NYHA III–IV class, 
Charlson comorbidity Index, drugs number, MMSE <24, 
GDS, BADL lost ≥1, and low social support were higher 
(Table  1). Interestingly, when compared subjects affected 
by isolated CHF or COPD, all these clinical characteris-
tics were significantly more compromised in subjects with 
coexisting CHF and COPD (Table 1).

Figure  1 shows mortality, at 12 years follow-up, in all 
subjects, in subjects with and without CHF, in subject 
with or without COPD, and in subjects with and without 
coexisting CHF and COPD. In all subjects mortality was 
46.7%. Mortality was 68.6% in the presence and 31.4% in 
the absence of CHF (p < 0.001) while it was the 56.9% in 
the presence and 43.1% in the absence of COPD. Mortal-
ity was 13.8% in the absence and 86.2% in the presence of 
both CHF and COPD (p < 0.001), being significantly higher 
than in CHF or COPD alone (Fig. 1).

Both CHF (HR = 1.67, 95% CI 1.15–3.27, p < 0.031) 
and COPD (HR = 1.27, 95% CI = 1.08–1.85, p < 0.042) 
were predictive of long-term mortality in a multivariate 
model adjusted for sex, age, and several other variables 
(Table  2). When multivariate analysis was performed to 
assess the role of coexisting CHF and COPD on the risk of 
long-term mortality, HR dramatically increased up to 3.73 
(95% CI = 1.19–6.93, p < 0.001) (Table 2). Figure 2 repre-
sents survival curves of Cox regression analysis performed 
by selecting the mortality of all subjects, subject with CHF 

or COPD, and of subjects with both CHF and COPD. It is 
worth of note that survival curve of CHF and COPD sub-
jects was more steep with respect to those of individuals 
with CHF or COPD alone.

Discussion

In our 12 year follow-up study, elderly subjects with CHF 
showed a mortality of ≈70%, those with COPD ≈60% 
while in presence of CHF and COPD, long-term mortality 
was ≈90%.

More importantly, multivariate analysis indicates that 
the risk of mortality was nearly tripled in elderly subjects 
with both CHF and COPD when compared to CHF or 
COPD alone.

This dramatic impact on long-term survival highlights 
the relevance of coexistence of CHF and COPD in the 
elderly population.

COPD and mortality in the elderly

COPD is becoming a leading cause of morbidity and mor-
tality worldwide resulting in a substantial increase in eco-
nomic and social burden [1–4]. A comprehensive interna-
tional population-based survey aiming to address COPD 
prevalence and risk factors in the general adult population 
across countries by age, sex, and smoking status reported 
a prevalence of COPD among subjects older than 70 years 
old rising to more than 20% [29]. In our sample, we 
observed a prevalence of COPD subjects of 31.1% with a 
higher mean age and male prevalence compared to subjects 
without COPD. As expected, former and current smoker 
rates were higher in subjects with COPD than those with-
out. In our sample, COPD subjects exhibited high pres-
ence of comorbidity, were frequently in polypharmacy, 
and had higher disability rates with respect to subjects 
without COPD. COPD subjects had higher heart rates and 
were reported to be more frequently in NYHA class III–IV, 
which further demonstrates difficulties in differential diag-
nosis between COPD and CHF due to similar clinical man-
ifestations and symptoms [13, 16]. However, in our study, 
in addition to physical examination, CHF and COPD diag-
noses were confirmed by a medical record review.

Finally, COPD-related mortality is reported to rise with 
age and, therefore, is expected to increase with increased 
life expectancy [4]. In our sample, we report a 12 year mor-
tality of almost 60% in subjects with COPD compared to 
those without. Accordingly, in our sample Cox regression 
analysis showed that COPD subjects were associated with a 
significantly increased risk of death (HR 1.27).
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CHF and mortality in the elderly

CHF is highly prevalent in aging populations worldwide 
in individuals aged >80 years [12]. CHF is considered 
a healthcare issue in developed countries [9] and is often 
associated with relevant cardiac and non-cardiac comorbid-
ities leading to several clinical characteristics common to 
geriatric patients (comorbidity, polypharmacy, disability). 
Thus, despite continuous advances in therapy, CHF mor-
bidity and mortality remain high [12]. In accordance with 
the fact that CHF is often present in subjects with multiple 

cardiac and non-cardiac comorbidities [8], in our sample 
the prevalence of isolated CHF was 3.5%. These subjects 
were older than subjects without CHF and, as expected, 
had higher heart rate and NYHA class III–IV. Interestingly, 
subjects with isolated CHF had higher comorbidity, more 
prescription drugs and were more cognitively impaired, 
disabled, and depressed. In CHF subjects, mortality rates 
were more than doubled when compared to subjects with-
out CHF (68.6 vs 31.4%) with a related high predictive 
power of CHF on mortality (HR 1.67).

CHF in the presence of COPD and mortality 
in the elderly

Despite the lack of definitive data on the prevalence of the 
association of CHF and COPD, the coexistence of these 
two chronic conditions is very common and is becoming a 
challenge for healthcare professionals [13]. In recent years, 
several studies have focused on the impact of COPD and 
CHF on clinical outcomes both in the acute and chronic 
setting, as therapeutic cornerstones of these two condi-
tions may significantly worsen each other [16]. In our sam-
ple, subjects with coexisting COPD and CHF were 7.4%. 
These subjects had a higher mean age and prevalence of 
female sex, higher comorbidities, and more prescription 
drugs with respect to subjects affected by COPD or CHF 
alone. Our prevalence data differ from those reported in 
other studies [15, 16, 21, 22] confirming the observation 

Fig. 1   Prevalence of long-term mortality (12 years follow-up) in all 
subjects, in subjects with chronic heart failure (CHF) without chronic 
obstructive pulmonary disease (COPD), with COPD without CHF, 
and with both CHF and COPD

Table 2   Cox regression analysis on 12-years mortality

HR hazard ratio, CI confidence interval, CHF chronic hear failure, COPD chronic obstructive pulmonary disease, BP blood pressure, MMSE 
mini mental state examination, GDS geriatric depression scale; BADL basic activity daily living

Variables CHF (no COPD) COPD (no CHF) COPD + CHF

HR CI 95% P HR CI 95% P HR CI 95% P

Age 1.15 1.12–1.18 <0.001 1.15 1.11–1.18 0.000 1.15 1.11–1.18 0.000
Sex female 0.40 0.27–0.58 <0.001 0.40 0.27–0.59 0.000 0.40 0.27–0.58 0.000
BMI 0.98 0.95–1.01 0.279 0.98 0.95–1.01 0.259 0.98 0.95–1.01 0.304
Former smoking 1.13 0.72–1.76 0.575 1.12 0.72–1.74 0.608 1.12 0.72–1.75 0.598
Current smoking 1.09 0.70–1.72 0.683 1.08 0.69–1.70 0.716 1.09 0.70–1.72 0.682
Heart rate (bpm) 0.99 0.98–1.01 0.810 0.99 0.98–1.01 0.872 0.99 0.98–1.01 0.825
Pulse BP (mmHg) 1.00 0.99–1.01 0.331 1.00 0.99–1.01 0.365 1.00 0.99–1.01 0.303
NYHA 2.34 1.16–4.71 0.016 2.61 1.32–5.13 0.005 3.49 1.84–6.61 0.000
Charlson comorbidity index 1.10 1.01–1.14 <0.05 1.01 0.87–1.17 0.846 1.15 1.07–1.20 <0.05
Drugs number (n) 1.13 1.05–1.23 0.001 1.15 1.06–1.24 0.001 1.20 1.06–1.38 0.001
MMSE <24 (%) 1.63 1.21–2.19 0.001 1.64 1.23–2.19 0.001 1.72 1.29–2.29 0.038
GDS (score) 1.00 0.97–1.02 0.779 1.00 0.97–1.02 0.786 1.00 0.97–1.02 0.759
BADL (≥1%) 2.03 1.00-4.12 <0.05 2.02 1.01–4.15 <0.05 2.24 1.04–4.45 0.032
Social support (score) 1.63 1.28–2.09 0.000 1.62 1.27–2.08 0.000 1.78 1.29–2.18 0.000
CHF 1.67 1.15–3.27 0.031 – – – – – –
COPD – – – 1.27 1.08–1.85 0.042 – – –
CHF + COPD – – – 3.73 1.19–6.93 <0.001
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that COPD diagnosis remains underestimated in the general 
population, especially in subjects with mild symptoms [30].

The coexistence of COPD and CHF often raises diag-
nostic issues as the two conditions share some pathophysio-
logical mechanisms [13, 16], which can also be responsible 
for poorer prognosis. In fact, it is well known that smoking 
is the key risk factor for COPD which, in turn, is associated 
with a 50% increased risk of developing CHF [14, 15]. In 
addition, both COPD and CHF are characterized by low-
grade systemic inflammation, which is an established deter-
minant of atherosclerosis progression, endothelial dysfunc-
tion, and myocardial damage [14, 15]. As COPD worsens, 
the pulmonary vascular bed becomes involved leading to 
increased pulmonary vascular resistance, pulmonary hyper-
tension, and right heart failure which ultimately affects left 
ventricular function in a vicious circle [19, 20]. In our sam-
ple, former, but not current, smokers were more prevalent 
in subjects with coexisting COPD and CHF with respect 
to those with COPD or CHF alone. In addition, subjects 
with COPD and CHF had a significant increase of pulse 
pressure values and heart rate compared to subjects with 
either COPD or CHF alone. This observation may reflect 
a reduced peripheral compliance probably due to both 
increased aortic stiffness and reduced thoracic compliance 
[31]. Interestingly, we observed a higher prevalence of sub-
jects with coexisting COPD and CHF in NYHA functional 
class III–IV (38%). All these observations support the idea 
that COPD and CHF progression significantly affect each 
other’s clinical status and outcomes [13–17].

It is well known that the isolated presence of either 
COPD or CHF is characterized by high disability and low 
survival in elderly patients [21, 22]. Our data clearly show 
a steep increase in loss of ADL and, more importantly, in 

mortality, at 12  year follow-up, in subjects with coexist-
ing COPD and CHF with respect to subjects with CHF or 
COPD alone and a strong predictive role for the coexist-
ence of COPD and CHF on mortality. In fact, both CHF 
(HR = 1.67) and COPD (HR = 1.27) were predictive of 
long-term mortality in a multivariate model. When multi-
variate analysis was performed to evaluate the role of coex-
isting CHF and COPD on the risk of long-term mortality, 
HR dramatically increased up to 3.73.

More interestingly, we observed a remarkable increase 
of mortality in subjects with coexisting COPD and CHF 
between baseline and 90 months. This observation could 
be due to the impact of COPD on the acceleration of car-
diovascular disease progression leading to CHF and vice-
versa. Recently, coronary artery disease has been consid-
ered a possible factor that potentiates COPD morbidity and 
mortality, especially in elderly subjects, probably due to 
low-grade systemic inflammation hypothesis which links 
CAD, COPD, and aging [32]. In our sample, the preva-
lence of CAD in subjects with COPD and CHF was 48.4% 
(n = 46). From baseline to 90 months of follow-up, mortal-
ity rates among these subjects were close to 90% (86.9%, 
n = 40) highlighting the relevance of cardiovascular disease 
in CHF and COPD subjects.

Limitations of the Study

The results of this study should be evaluated taking account 
of several limitations. The first limitation is that of being 
retrospective, thus missing incident cases. Moreover, due 
to the recruitment of community-dwelling subjects, the 
study was not designed to collect data on hospitalizations. 
Finally, left and right ventricular function data were not 
available for all subjects, and thus could not be considered 
in the analysis.

Conclusions

Our study indicates that CHF-related mortality at 12 years 
follow-up is higher in subjects with COPD compared to 
those without. Thus, the presence of COPD may be con-
sidered a new prognostic factor to identify CHF subjects 
at high risk of mortality, especially when CHF is due to 
coronary artery disease. There is need to carefully evalu-
ate the early occurrence of comorbidities in both CVD and 
COPD patients to appropriately treat the patients and delay 
the synergistic pathophysiological progression of both 
diseases.

Further investigations are required to better identify 
mechanisms underlying the detrimental effects observed 
which may lead to better management of this growing sub-
set of elderly patients.

Fig. 2   Cox regression adjusted survival curve in all subjects, in sub-
jects with Chronic Heart Failure (CHF) without Chronic Obstructive 
Pulmonary Disease (COPD), with COPD without CHF, and with 
both CHF and COPD
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