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Abstract

Co-morbid conditions are frequently found in patients with COPD. We evaluate the
association of co-morbidities with mortality, in stable COPD. 224 patients, mean
age 61.2 (+10.00), 48.2% female, mean FEV, 1.1 (+0.5) liters, median follow-up
time 4.2 years, participated. Medical co-morbidities were scored according to the
Charlson Co-morbidity Index (CCI). Depressive symptoms were assessed with
the Hospital Anxiety and Depression Scale (HADS) and Symptom Checklist-90
(SCL-90). The Cox proportional hazard model was used for survival analyses. In our
sample, 70% of all patients have a co-morbid medical condition or high depressive
symptoms. During follow-up 51% of all patients died, and those with heart failure
have the highest mortality rate (75%). Age, fat-free mass and exercise capacity
were predictive factors, contrary to CClI-scores and high depressive symptoms. An
unadijusted association between heart failure and survival was found. Although the
presence of co-morbidities, using the CCl-score, is not related to survival, heart
failure seems to have a detrimental effect on survival. Higher age and lower exercise
capacity or fat-free mass predict mortality.

Introduction

Medical and psychological co-morbid conditions are frequently found
in patients with Chronic Obstructive Pulmonary Disease (COPD) (1,2).
Recently, Schnell et al. (3) reported a prevalence rate of 96.4% and Anecchino
et al. (4) found 68.4% of their cohort received medication for cardiovascular
diseases, diabetes or depression. An association between medical co-mor-
bidities and mortality was demonstrated (5), but not all investigators found
an independent association (6). However, many studies were performed in
hospitalized patients (5-10) and to the lesser extent in patients with stable
COPD (11-13). The aim of the present article is to investigate the association
between co-morbidities and survival in stable COPD.

Methods

Participants

Patients were recruited from January 2004 through December 2007, before
starting pulmonary rehabilitation at the Center for Rehabilitation of the Uni-
versity Medical Center Groningen (UMCG), the Netherlands. All patients
were diagnosed with COPD according to GOLD guidelines and 242 consecu-
tive patients participated. COPD had to be stable for at least 6 weeks, patients
had to be able to fill out questionnaires, perform cycle ergometry and spi-
rometry. Also, medical history had to be available. Eighteen patients were
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excluded: one patient refused to fill out questionnaires,
14 patients did not have fully available medical records,
and 3 patients could not perform cycle ergometry due
to their body weight (=150 kg). Data of 224 patients
were analyzed. All measurements took place as part of
usual care, and each patient approved usage of his or her
data. Therefore, no formal medical ethical approval was
necessary due to local regulations.

Demographic variables

Age, sex, height, weight, marital status (‘living with
a partner’ or ‘living without a partner’) and smoking
status (‘never smoked or ex-smoker =1 year’ or ‘cur-
rent smoker or ex-smoker <1 year’) were derived from
medical records.

Physiological parameters

Spirometry (Masterlab, Viasys Healthcare) was per-
formed to obtain FEV, and Forced Vital Capacity (FVC).
Total Lung Capacity (TLC) and Residual Volume (RV)
were obtained using body plethysmography. Levels of
arterial oxygen (Pa0O,), carbon dioxide tension (PaCO,)
and lactate at rest were determined prior to cycle
ergometry (OxyconPro, Viasys Healthcare). The Fat-
Free Mass Index (FFMI) was determined by bioelectrical
impedance analysis (Bodystat 1500).

Exercise capacity

The Incremental Shuttle Walk Test (15) was used to
assess walking capacity. A symptom limited cycle
ergometry was performed using a 1-minute incremen-
tal schedule at 5 or 10 Watts (16). Maximal workload
sustained for at least 30 s (Wpeak), and maximal oxygen
uptake (VO, peak) were measured.

Vital status

The primary endpoint was all-cause mortality. Although
cause of death was mentioned in death certificates, it
was considered not accurate enough. Survival status was
obtained from municipal registrations on June 8, 2012.

Co-morbidity

Patients’ co-morbidities were obtained from medical
histories, using prior diagnoses and current medication.
In addition, hospital records and data from the primary
care physician were obtained. With respect to medica-
tions: if patients used cardiovascular medications such
as b-blockers or ACE-I, it was investigated for which
indication it had been prescribed, e.g., CHF or systemic
hypertension. Heart disease was defined to be present
in case of documented STEMI or non-STEMI myocar-
dial infarction, cardiological interventions and evidence
for heart failure by echocardiography or scintigraphy.
The presence of renal failure was looked for in medical
records and by calculation of the eGFR, using serum
creatinine, which was present in 178/224 patients and,
classified as normal (eGFR> 90 ml/min, 1.73m?) renal
function or mild (eGFR 60-89 ml/min, 1.73 m?) or
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moderate (eGFR 30-59 ml/min, 1.73 m?) renal func-
tion failure. The Charlson Co-morbidity Index (CCI)
(17) was used to classify co-morbidities and assign a
weighted score. No score was attributed to COPD.

Depressive symptoms were assessed with Dutch
translations of the Hospital Anxiety and Depression
Scale, depression subscale (HADS-D) (18,19) and the
16-item depression subscale of the Symptom Check-
list-90 (SCL-90) (20,21). We used the conventional
HADS-Depression cut-off (=8) to indicate high depres-
sive symptoms. For the SCL-90 no cut-off is available
(26).

Statistical analyses

For all analyses SPSS 18.0.3 for Windows (SPSS Inc.,
Chicago, Illinois) was used. Patient characteristics were
calculated in terms of means, standard deviations,
medians or percentages. Comparison of non-survivors
to survivors was carried out using independent samples’
t-tests. Presence of medical co-morbidities (CCI-score
of 0 versus >1) and high depressive symptoms (HADS-D
>8) were included in regression analyses. All variables
significant at p < .05 on a bivariate level were included in
a multivariate analysis, adjusting for confounders (Cox
proportional hazard model). Results were expressed in
hazard ratios (HR) and 95% Confidence Intervals (CI).

Results

Patient characteristics

Characteristics of all patients (108 women, 116 men)
are presented in Table 1. Of the 224 participants, 114
(51%) had died at the end of the observation period.
The mortality rate was highest in patients with co-
morbid CHE. The overall median follow-up time is
4.2 years, ranging from 14 days to 7.6 years. The cumu-
lative mortality rate is as follows: one year, 8%; two
years, 16%; three years, 25%; four years, 33%; five years,
39%; six years, 46%; and seven years, 49%. Survivors
are significantly younger than non-survivors, have
higher FEV, and FEV %predicted, less hyperinflation,
and a better exercise capacity (Wpeak, VO,peak and
ISWT%predicted).

Medical co-morbidities are present in 56% of all
patients. The most prevalent co-morbidity is moderate
or severe renal disease, followed by diabetes mellitus
without organ damage (DM), congestive heart failure
(CHF) and myocardial infarction (AMI, Table 2). Co-
morbidity scores are significantly higher in non-survi-
vors. High depressive symptoms are present in 28% of
all patients.

Predictors of mortality in all patients with stable COPD
On a bivariate level, CCI-scores or high depressive
symptoms are not related with mortality (Table 3). Lower
FEV,, lower PaO,, higher RV%TLC, higher FEMI, lower
Wpeak, lower VO,peak and a lower ISWT%predicted
are significantly related to mortality.

JOURNAL OF CHRONIC OBSTRUCTIVE
PULMONARY DISEASE



COPD Downloaded from informahealthcare.com by Universiteit Twente on 09/22/14

For personal use only.

470

Maters et al.

Table 1. Characteristics of the total sample of patients with stable COPD

Variable N All patients Survivors All-cause mortality pvalue*
Female Sex (%) 224 48.2 54.5 421 ns
Age (v) 224 61.2 (+10.0) 57.7 (£8.9) 65.2 (£9.8) .000
Partner yes (%) 224 69.6 69.1 70.2 .011
Smoking yes (%) 224 36.6 40.0 33.3 ns
Median f.u. time (y) 224 42 47 3.1

FEV, () 224 1.1 (£0.5) 1.3 (+0.6) 1.0 (£0.4) .001
FEV, (%pred) 224 41.0 (+15.6) 43.2 (+16.3) 37.8 (+14.1) 012
GOLD stages (%) i/l/IV 224 27.7/44.2/28.1 35.5/38.2/26.4 20.2/50.0/29.8

RV%TLC 222 57.1 (+11.1) 54.7 (+12) 59.4 (+£9.8) .001
BMI (kg/m?) 224 26.2 (+6.6) 26.5 (+7.0) 25.8 (+6.3) ns
FFMI (kg/m?) 212 18.8 (+4.5) 19.9 (+4.9) 17.8 (£3.9) .001
Wpeak (W) 217 45.6 (£31.2) 57.3 (£34.9) 34.6 (£22.3) .000
Pa0, (kPa) 213 9.3 (1.4 9.4 (1.4 9.1 (£1.4) ns
PaCo, (kPa) 214 5.4 (+1.3) 5.2 (+0.7) 5.6 (+1.7) ns
Lactate (mmol/l) 208 1.7 (£1.0) 1.5 (£0.86) 1.8 (£1.1) ns
VO, peak (mi/min) 217 869 (+:374) 981 (+437) 760 (+259) .000
ISWT (%predicted) 222 213 (£151) 267 (£160) 162 (£122) .000
Depressive symptoms HADS 203 6.1 (£4.1) 6.5 (+4.2) 5.8 (£4.0) ns
Depressive symptoms SCL-90 224 28.7 (+10.4) 29.2 (+11.0) 28.2 (£9.9) ns
Charlson Comorbidity Index 224 0.6 (+0.9) 0.5 (+0.8) 0.8 (+1.0) .011

Definition of abbreviations: FEV, = forced expiratory volume in 1 second; RV = residual volume; TLC = total lung capacity; BMI = body mass index; FFMI = fat-free mass index;
Wpeak = maximal workload sustained for at least 30 seconds during symptom limited cycle ergometry; Pa0, = arterial oxygen tension; PaCO, = arterial carbon dioxide tension;
VO,peak = maximal oxygen uptake during symptom limited cycle ergometry; ISWT = incremental shuttle walk test.

“Independent Samples Test.

Multivariate Cox regression analyses further dem-
onstrate ISWT%predicted (hazard ratio = 0.997,
95% C.I. 0.995-0.999) is an independent predictor
of increased mortality, adjusting for age, FEV, and
FEMI. Analyses with Wpeak or VO,peak, substitut-
ing ISWT%predicted, show Wpeak is associated with

Table 2. Frequencies of comorbidities in the sample of patients with stable COPD,
classified according to the Charlson Comorbidity Index (CCI)

All patients  Survivors  All Cause Mortality

Comorbidity N (%)* (N=224) (N=110) (N=114)
DM without organ damage 30(13.4) 12(10.9) 18 (15.8)
Congestive heart failure 28 (12.5) 7(6.4) 21(18.4)
Myocardial infarction 21(9.4) 10 (9.1) 11 (9.6)
Any tumor 18 (8.0) 7 (6.4) 11 (9.6)
Cerebrovascular disease 13(5.8) 5(4.5) 8(7.0)
Peripheral vascular disease 7(3.1) 2(1.8) 5(4.4)
Connective tissue disease 6(2.7) 2(1.8) 4(3.5)
Mild liver disease 7(3.1) 3(2.7) 4 (3.5)
Peptic ulcer disease 3(1.3) 2(1.8) 1(0.9)
Moderate or severe renal disease™ 37 (20.7) 12 (10.9) 25(21.9)

“The comorbidities dementia, hemiplegia, diabetes with organ damage, lymphoma,
leukemia, moderate or severe liver disease, metastatic solid tumor and AIDS were not
present in this sample.

N =178, for 46 patients no data on recent renal function were available.
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mortality (hazard ratio = 0.98, 95% C.I. 0.97-0.99) but
VO,peak (hazard ratio = 0.999, 95% C.I. 0.998-1.000)
is not.

Adjusted for age, FEV, and ISWT%predicted, FEMI
(hazard ratio=0.93, 95% C.I. 0.88—0.98) is independently
predictive of increased mortality, whereas BMI is not.
An additional bivariate analysis with three subsamples
(underweight; BMI < 21, normal weight; BMI >21 and
< 30, overweight; BMI >30), reveals no significant result
either.

FEV, does not predict survival independently
(after adjusting for age, FFMI and ISW T %predicted).
Additionally, RV%TLC (hazard ratio = 0.99, 95% C.I.
0.97-1.01) and PaO, (hazard ratio = 0.92, 95% C.I
0.80-1.06) are not associated with mortality when
tested in separate multivariate analyses, substituting
FEV,.

Because of the high mortality rate in patients with
co-morbid CHF, an additional survival analysis was
performed with co-morbid heart failure as a dichotomy
(present or absent) in our total sample shows an
association with increased mortality (p = .005, hazard
ratio =1.97,95% C.I. 1.23-3.18). But, this association was
no longer significant after adjusting for age, ISWT and
FFMI (p = .208, hazard ratio = 1.39, 95% C.I. 0.83-2.32).
A survival curve using Kaplan—Meier estimates was
plotted for this subsample and a sample of patients

Copyright © 2014 Informa Healthcare USA, Inc
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Table 3. Predictors of mortality in all patients with stable COPD

Co-morbidity and survival in stable COPD

Bivariate Multivariate*

Hazard Hazard
Variable B ratio 95% Cl B ratio 95% Cl
Sex' 0.30 1.36 0.93-1.97
Age (v) 0.05 1.05 1.03-1.08" 0.04 1.04 0= 07
Partner? 0.01 1.01 0.68-1.52
Smoking? -0.17 0.84 0.57-1.25
FEV, (1) —0.56 0.57 0.38-0.86"** -0.05 0.96 0.57-1.59
RV%TLC (%, n = 216) 0.02 1.02 1.00-1.04*
BMI (kg/m?) —-0.03 0.98 0.95-1.01
FFMI (kg/m?, n = 212) —-0.06 0.92 0.89-0.99* —-0.08 0.93 0.88-0.98*
Wpeak (W, n = 217) —-0.02 0.98 0.97-0.99
Pa0, (kPa, n =213) -0.16 0.86 0.74-0.99*
PaCo, (kPa, n = 214) 0.08 1.08 0.99-1.20
Lactate (mmol/l, n = 208) 0.12 1.11 0.95-1.29
VO,peak (ml/min, n = 217) -0.00 0.99 0.998-0.999***
ISWT (%predicted, n = 222) —-0.00 1.00 0.994-0.998*** —-0.03 0.997 0.995-0.999*
Depressive sympt. HADS (n = 203) —-0.02 0.98 0.93-1.03
Depressive sympt. SCL-90 -0.01 0.99 0.97-1.01
Charlson Comorbidity Index* 0.28 1.32 0.91-1.92

Definition of abbreviations: FEV, = forced expiratory volume in 1 second; RV = residual volume; TLC = total lung capacity; BMI = body mass index; FFMI = fat-free mass index; Wpeak = maximal
workload sustained for at least 30 s during symptom limited cycle ergometry; Pa0, = arterial oxygen tension; PaCO, = arterial carbon dioxide tension; VO,peak = maximal oxygen uptake during

symptom limited cycle ergometry; ISWT = incremental shuttle walk test.

“Cox proportional hazard model backward stepwise (Wald).

“p<0.05.

*p<0.01.

“*p<0.001.

10 = female, 1 = male.

20 = living without a partner, 1 = living with a partner.

30 = never smoked or ex-smoker for >1 year, 1 = current smoker or ex-smoker <1 year.
40 = no co-morbidity, 1 = one or more co-morbidities.

without co-morbid conditions, to graphically illustrate
the high mortality rate (Figure 1).

Discussion

In our sample of patients with stable COPD, 56% is
diagnosed with at least one co-morbid medical condi-
tion, 28% has high depressive symptoms and 70% has
either at least one medical co-morbid condition or high
depressive symptoms. Having a co-morbid condition in
itself (Charlson Co-morbidity Index-score) is not related
to long-term mortality. However, heart failure is, unad-
justed, associated with survival this particular sample
has the most unfavorable survival prospects (75% died).
Acknowledged survival predictors age, exercise capacity
test ISWT, cycle ergometry derived Wpeak and fat-free
mass do independently predict survival. For each year a
patient gains, the estimated survival chance decreases
with 4%. Further, a low score increases the risk of dying
per year with 3% for the ISWT (%predicted), with 2%
for Wpeak (per 5 W) and with 7% for fat-free mass
(per 1 kg/m?).

Our finding that the Charlson Co-morbidity Index-
scores did not predict mortality contradicts with the

www.copdjournal.com

work of some (11,12), but is in line with the results of
others (13). One explanation for the absence of an asso-
ciation with mortality might lie in the possibly exponen-
tial relationship between CCI-scores and survival (23).
But, our finding might as well indicate more pervasive
problems with the CCI exist. Therefore the CCI should
be handled carefully, especially in clinical samples.
Alternative indices need to be developed (2,24).

The observed mortality (51%) is more or less similar
to the mortality in two other cohorts we earlier investi-
gated: n = 121, age 61 years, follow-up 8.5 years, mor-
tality 63% (7.5 %/year) (14) and n = 122, age 61 years,
follow-up 7 years, mortality 39% (5.6 %/years) (25). The
mortality in our cohorts is somewhat higher than in
other ‘landmark’ cohorts: Moberg et al. (26): n = 674,
age 69 years, mean follow-up 5.5 years, mortality 48.2%,
(8.8%/year), the medical group from the NETT (27):
n = 610, age 67 years, follow-up 6 years, mortality 50%
(8.3 %/year) and Marin et al. (28): n =210, age 57 years,
follow-up 9 years, mortality 24% (2.7%/year).

Differences between the study groups with respect
to age and phenotype (lung function, exacerbations)
largely account for the differences in mortality between
our groups and others. Our cohorts consisted of subjects

JOURNAL OF CHRONIC OBSTRUCTIVE
PULMONARY DISEASE



472

COPD Downloaded from informahealthcare.com by Universiteit Twente on 09/22/14
For personal use only

Maters et al.

s"o
i N S TR e (M Eee e t
S

0,04

|| I 1 | L 1 I

0 1 2 3 4 5 6

Years
Legends

Patients with COPD without medical co-morbidities or high depressive symptoms (n = 83).
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Figure 1. Kaplan Meier survival plots for patients with stable COPD without medical co-morbidities or high depressive symptoms and patients with stable

COPD and congestive heart failure.

specifically referred for rehabilitation, being severely
ill, whilst other groups consisted of more or less stable
patients. We found that 56% of all patients have at least
one co-morbid medical condition. This is higher than
prevalence rates found in other survival studies in stable
COPD-patients which used the CCIL. One study found
a percentage of 38% (11) and another report 43.8% of
their sample has at least one co-morbid condition, but
they excluded patients with certain co-morbidities (e.g.
heart failure) (13).

The percentages of the specific co-morbidities in our
study correspond to percentages in earlier studies (2).
We relied on a thorough retrospective analysis of medi-
cal records in our study. This is considered an accepted
way to calculate CCI scores. Prevalence rates for studies
that relied on analysis of medical records range from
7-23% for congestive heart failure (29-32). In our study
we found 12.5% of our sample of stable COPD patients to
have a co-morbid diagnosis of congestive heart failure.
In COPD literature, we found two studies who relied

JOURNAL OF CHRONIC OBSTRUCTIVE
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on a prospective analysis of congestive heart failure
(echocardiography) (33,34). Macchia et al. found 17% of
their sample of stable COPD suffered from (diastolic or
systolic) ventricular dysfunction. Rutten et al. showed
20.5% of their sample of primary care patients with
stable COPD suffered from co-morbid heart failure.

As far as we know, the study by Macchia et al. is the
only study that examined the mortality prognosis for
COPD patients with or without CHF. It showed a nearly
significant increase in mortality when left ventricu-
lar dysfunction was present (HR 2.3, p = 0.053). Our
study investigated whether co-morbidity influences
prognosis. We are of course aware that an analysis of
medical records has limitations, compared to echocar-
diography, but as we found quite similar prevalences
with previous studies, we are confident that the results
of our study yields useful and valid information. The
negative effect of heart failure on mortality in COPD
was found in several studies using prior diagnosis of
heart failure (5,35) or high levels of NT-prBNP (36,37).

Copyright © 2014 Informa Healthcare USA, Inc
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These studies were in hospitalized patients, and follow-
up was up to one year. These and our findings point
at awareness of adequate diagnosis and treatment of
heart failure in COPD, not only in an acute situation,
but also in a stable condition.

In this study, the ISWT is as strongly associated to
survival as cycle ergometry derived Wpeak and performs
even better than VO,peak. Our finding that the ISWT
independently predicts survival is in accordance with
recent findings by others (38,39). The ISWT is easy to
perform, relatively cheap and might in certain cases be
considered as an alternative to ergometry tests (40,41).

Fat-free mass predicts mortality in our study, whereas
BMI does not. The predictive value of fat-free mass is
in accordance with other studies in stable COPD out-
patients (42,43), or in patients following a rehabilitation
program (44). In addition, a low fat-free mass was pre-
dictive of postoperative complications following Lung
Volume Reduction Surgery (45). BMI does not predict
survival in our study, as in the study of Schols et al,,
perhaps partly due to overlap between low fat-free mass
and low BML. On the other hand, BMI and FFM are sup-
posed to be of additional value to each other (43) and
our and other results may suggest that in patients with
worse COPD, e.g., those attending a rehabilitation pro-
gram, the FEMI is a better predictor of mortality than
the BML

Contrary to earlier findings of our research group
(14,25) depressive symptoms are not associated to
survival. One of the issues in explaining this finding is
homogeneity of measures over studies. Earlier, the Beck
Depression Index and the Brief Assessment Schedule
Depression Cards did not independently associate to
survival (42,46). The HADS was studied twice before
and both studies generated an independent association
with mortality (25,47). We are the first to study SCL-90
depression subscale scores as a predictor for mortality,
which were not predictive.

Conclusions

Exercise capacity parameters, fat-free mass and age
independently predict survival. The Charlson Co-mor-
bidity Index (CCI) is not a significant predictor in this
group with stable COPD and we question the value of
the CCI in relatively small samples. Patients with co-
morbid heart failure have the worst outcomes in terms
of survival.
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