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Background: Cardiovascular comorbidity contributes to increased mortality among subjects
with COPD. However, the prognostic value of ECG abnormalities in COPD has rarely been
studied in population-based surveys.

Aim: To assess the impact of ischemic ECG abnormalities (I-ECG) on mortality among individuals
with COPD, compared to subjects with normal lung function (NLF), in a population-based study.
Methods: During 2002-2004, all subjects with FEV /VC <0.70 (COPD, n=993) were identified
from population-based cohorts, together with age- and sex-matched referents without COPD.
Re-examination in 2005 included interview, spirometry, and 12-lead ECG in COPD (n=635)
and referents [n=991, whereof 786 had NLF]. All ECGs were Minnesota-coded. Mortality data
were collected until December 31, 2010.

Results: I-ECG was equally common in COPD and NLF. The 5-year cumulative mortality
was higher among subjects with [-ECG in both groups (29.6% vs 10.6%, P<<0.001 and 17.1%
vs 6.6%, P<0.001). COPD, but not NLF, with I-ECG had increased risk for death assessed
as the mortality risk ratio [95% confidence interval (CI)] when compared with NLF without
I-ECG, 2.36 (1.45-3.85) and 1.65 (0.94-2.90) when adjusted for common confounders. When
analyzed separately among the COPD cohort, the increased risk for death associated with I-ECG
persisted after adjustment for FEV | % predicted, 1.89 (1.20-2.99). A majority of those with
I-ECG had no previously reported heart disease (74.2% in NLF and 67.3% in COPD) and the
pattern was similar among them.

Conclusion: [-ECG was associated with an increased risk for death in COPD, independent of
common confounders and disease severity. [-ECG was of prognostic value also among those
without previously known heart disease.
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Introduction

COPD and ischemic heart disease (IHD) are among the leading causes of
death worldwide.! Cardiovascular disease is one of the most common comor-
bidities among subjects with COPD,>* and patients with COPD have a two to
five times higher risk of not only coronary heart disease, heart failure, arrhyth-
mias, and pulmonary/peripheral vascular disease*® but also an increased risk for stroke.®
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The overall mortality among subjects with COPD
increases with disease severity, both when assessed as a
decline in FEV * and by spirometric staging’ according to
the Global Initiative for Chronic Obstructive Lung Disease
(GOLD) document.' Studies on selected populations have
shown that cardiovascular comorbidity is one of the major
causes of death in mild-to-moderate COPD, whereas respi-
ratory causes of death dominate among subjects with more
severe COPD.!! Population-based studies have also shown
that a lower FEV | itself, without taking COPD into account,
is a predictor of cardiovascular death.'

Most guidelines for diagnosis and treatment of COPD
emphasize assessment of the presence of cardiovascular risk
factors and comorbidities.'® Early identification and treat-
ment of cardiovascular risk factors are important to reduce
morbidity and prevent mortality. A 12-lead ECG, registered
during rest, is a relatively simple, cheap, and widely acces-
sible diagnostic tool for detecting ischemic ECG abnor-
malities, and has been shown to improve risk prediction in
asymptomatic subjects.!® In the general population, there is
an association between various ischemic ECG abnormalities
(I-ECG) and all-cause mortality'* ' as well as coronary heart
disease events.!® Ischemic ECG findings are common in
COPD, " with increasing prevalence by disease severity.??!
Although ischemic ECG findings were associated with
increased mortality in a study among patients with COPD
discharged from hospital,?* there is a lack of population-based
studies evaluating the prognostic value of I-ECG among
subjects with COPD.

The aim of this population-based study was to assess the
impact of I-ECG on long-term mortality among subjects with
COPD as compared to subjects with normal lung function
(NLF).

Methods

Study population

The inclusion of subjects in the OLIN COPD study has been
described in detail previously.?*?? All subjects with obstruc-
tive lung function impairment (n=993) were identified from
re-examination of four adult population-based cohorts in
northern Sweden during the years 2002-2004, together
with an age- and sex-matched reference population without
obstructive lung function impairment. The study population
(n=1986) has been invited to annual examinations with a
basic program including spirometry and structured inter-
view. The present study is based on data collected in 2005
when ECG recordings were performed in addition to the
basic program. Mortality data were collected over 5 years,

from 2005 to December 31, 2010 from the national popula-
tion register. In total, 1,806 subjects participated of whom
1,625 had complete data on spirometry, structured inter-
view, and ECG findings. Among those without airway
obstruction, 204 subjects had restrictive pattern on dynamic
spirometry and were excluded (Figure 1). The Regional
Ethics Review Board at Umea University approved the
study (dnr 04-045 M), which was carried out according to
the Declaration of Helsinki, and all participants provided
written informed consent.

Definitions

Height and weight were measured before spirometry.
Body mass index (BMI) was calculated (weight/height?),
and categorized into underweight (<20), normal weight
(20-24.9), overweight (>25-29.9), and obese (=30) sub-
groups. Smoking habits were divided into nonsmokers,
ex-smokers (quit smoking since at least 12 months), and
current smokers. Pack-years were calculated on baseline
data (number of cigarettes smoked per day/20x number of
years smoked). The variable “any ischemic heart disease”
included self-reported angina pectoris, acute myocardial
infarction, coronary intervention (coronary artery bypass
surgery and/or percutaneous coronary intervention), and
chronic heart failure. Cardiovascular drugs (including ace-
tylsalicylic acid and lipid-lowering agents) were categorized
into three groups; none, 1-2, and =3 drugs.

Electrocardiogram

Standard 12-lead ECGs were recorded before spirometry in
supine position after sufficient rest. Two independent encod-
ers classified ECG recordings according to the Minnesota
Code (MC),* and both of them were blinded to COPD status
and spirometry values. Disagreements in ECG coding were
resolved by consensus. Ischemic abnormalities were defined
as major Q/QS wave (MC 1-1, 1-2), major isolated STT
abnormalities (MC 4-1, 4-2, 5-1, 5-2), minor Q/QS wave
plus major ST-T (MC 1-3 plus 4-1, 4-2, 5-1, 5-2), and minor
isolated Q/QS wave (MC 1-3), and also grouped together as
“any ischemic ECG abnormalities” (I-ECG).

Lung function tests

The procedure of lung function testing has been previously
described in detail.® Lung function tests were performed in
accordance with the American Thoracic Society Guidelines.”
COPD was defined as FEV /VC <0.70, using the best values
of FEV, and VC pre- or post-reversibility testing, with VC
defined as the highest of FVC and SVC. Severity of airflow
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The OLIN COPD study
2002-2004
n=1,986

Deceased before 2005

n=71

Interviewed by
telephone
n=165

Participants in
Nonparticipants examination
n=109 2005
n=1,641

Participants with
complete data*
n=1,625

Excluded subjects with
restrictive pattern on

dynamic spirometry
n=204

Total study population

NLF
n=786

COPD
n=635

Figure | Flowchart of the study population.
Note: *Structured interview, spirometry and ECG.
Abbreviation: NLF, normal lung function.

limitation in COPD was classified according to the GOLD
classification, with GOLD 1-4 based on FEV, % predicted."
The reference population without obstructive lung function
impairment, defined as FEV /VC =0.70, was further divided
into subjects with NLF (FEV /VC =0.70, and VC =80% of
predicted) and subjects with restrictive spirometric pattern
(RSP) on dynamic spirometry (defined as FEV /VC =0.70
and VC <80% of predicted). The OLIN reference values for
spirometry were used.?

Statistics

Statistical calculations were performed using SPSS
version 23.0 (IBM, Armonk, NY, USA) and GraphPad Prism
version 7.02 (GraphPad Software Inc, La Jolla, CA, USA).
The chi-square test and Mantel-Haenszel test-for-trend were
used for categorical variables and bivariate comparisons.
Fisher’s exact test was used where appropriate. The inde-
pendent sample #-test was used to compare means. The
association between [-ECG abnormalities and mortality was
analyzed using Kaplan—Meier curves and multivariate Poisson

regression. A basic multivariable regression model was
constructed containing the covariates age, sex, BMI-class, and
smoking habits. Confidence intervals (CI) were set to 95% and
P-values <0.05 were considered statistically significant.

Results

The study population (Figure 1) consisted of 786 subjects
with NLF and 635 subjects fulfilling the spirometric criteria
for COPD, whereof 40.7% (n=256) were GOLD 1, 51.1%
(n=342) were GOLD 2, and 7.8% (n=49) were GOLD 3—4.
The basic characteristics compared between NLF and COPD
are presented in Table 1. Among all subjects fulfilling the
spirometric criteria of COPD, 14.6% reported a physician
diagnosis of COPD and, among those with GOLD =2, the
corresponding proportion was 23.2%.

The prevalence of reported angina pectoris and coronary
intervention was similar in COPD and NLF, whereas the
prevalence of myocardial infarction and chronic heart failure
was higher in COPD; the prevalence of the compound con-
cept “any ischemic heart disease” was higher in COPD than
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Table | Basic characteristics of the study population, comparing subjects with NLF and COPD
Categories Variables NLF COPD P-value
n=786 n=635
Sex Women, n (%) 379 (48.2) 270 (42.6) 0.036
Age Mean (SD) 64.6 (11.3) 67.1 (10.6) <0.001
BMI Mean (SD) 27.0 (4.0) 26.4 (4.1) 0.005
Underweight <20, n (%) 12 (1.5) 24 (3.8)
Normal 20-24.9, n (%) 259 (32.9) 220 (34.7)
Overweight 25-29.9, n (%) 352 (44.7) 285 (45.0)
Obese =30, n (%) 164 (20.8) 105 (16.6)
Smoking habits Pack years, mean (SD) 6.9 (10.7)
Current smoker, n (%) 101 (12.8) 16.1 (16.1) <0.001
Ex-smoker, n (%) 313 (39.8) 212 (33.4)
Nonsmoker, n (%) 373 (47.4) 261 (41.2)
Lung function FEV /VC, mean (SD) 0.76 (4.6) 0.61 (8.1) <0.001
FEV, % predicted, mean (SD) 97.9 (10.8) 75.5 (16.5) <0.001

Note: Significant P-values in bold.
Abbreviations: BMI, body mass index; NLF, normal lung function.

in NLF (Table 2). Subjects with COPD also reported a higher
use of cardiovascular drugs than those with NLF (Table 2).

There were no differences in the prevalence of I-ECG
when comparing subjects with NLF and those with COPD,
neither in each of the ECG categories nor when grouped
together as I-ECG (Table 3). The prevalence of I-ECG
increased by GOLD grade: 11.2% in GOLD 1, 17.2% in
GOLD 2, and 26.5% in GOLD 3—4 (test for trend, P=0.003).
When compared with NLF, the prevalence of I-ECG
was higher in GOLD 3—4 (P=0.010), but not in GOLD 1
or 2 subgroups.

In the NLF group, the 5-year cumulative mortality was
17.1% among subjects with I-ECG and 6.3% among those
without (P<<0.001), corresponding to 29.6% and 10.6% in
the COPD group (P<<0.001; Figure 2). When comparing

Table 2 Reported comorbid conditions and use of heart
medicines, comparing subjects with NLF and COPD

Variables NLF COPD P-value
n=786 n=635

Diabetes, n (%) 67 (8.5) 58 (9.1) 0.674
Hypertension, n (%) 250 (31.8) 224 (35.3) 0.157
Angina pectoris, n (%) 82 (10.4) 80 (12.6) 0.195
Myocardial infarction, n (%) 19 (2.4) 36 (5.7) 0.002
Coronary intervention,* n (%) 34 (43) 23 (3.6) 0.508
Chronic heart failure, n (%) 8 (1.0) 19 (3.0) 0.007
Any ischemic heart disease,° n (%) 102 (13.0) 117 (18.4) 0.005
Cardiovascular drugs n (%) 0.028
No 439 (55.9) 303 (47.9)

1-2 drugs 192 (24.5) 185 (29.2)

=3 drugs 154 (19.6) 145 (22.9)

Notes: ®Including coronary artery bypass surgery and/or percutaneous coronary
intervention; "Angina pectoris, myocardial infarction, coronary intervention, or
chronic heart failure. Significant P-values in bold.

Abbreviation: NLF, normal lung function.

the 5-year cumulative mortality among subjects with and
without I-ECG, respectively, by GOLD stage, it was 17.2%
and 7.4% in GOLD 1 (P=0.071), 35.7% and 10.0% in GOLD
2 (P<0.001), and 30.8% and 36.1% in GOLD 3-4 (P=0.729).
The 5-year survival among subjects categorized as NLF and
COPD with and without I-ECG is illustrated by Kaplan—
Meier curves (log-rank P<<0.001; Figure 3).

When [-ECG was analyzed as a risk factor for death,
expressed as the mortality risk ratio [MRR (95% CI)]
in the basic multivariate regression model adjusting for
confounders, the MRR was 2.4 (1.5-3.9) for COPD with
[-ECG and 1.65 (0.94-2.90) for NLF with I-ECG when
compared to subjects with NLF without I-ECG (Table 4).
The increased risk persisted even when smoking habits were
replaced with pack-years, as well as when diabetes was
included in the model.

When analyzed separately among subjects with COPD
in the basic regression model, I-ECG was associated with
an increased MRR as compared with subjects without I-ECG
independent of common confounders, 2.1 (95% CI: 1.3-3.2).

Table 3 Ischemic ECG abnormalities classified according to the
MC, comparing subjects with NLF and COPD

ECG abnormalities NLF COPD P-value
n=786 n=635
n (%) n (%)
Major Q/QS wave (MC I-1, 1-2) 20 (2.5) 23 (3.6) 0.238
Major isolated ST-T abnormalities 46 (5.9) 47 (74) 0.240
(MC 4-1, 4-2, 5-1, 5-2)
Minor Q/QS wave plus major ST-T 9(1.2) 5(0.9) 0.520
(MC 1-3 plus 4-1, 4-2, 5-1, 5-2)
Minor isolated Q/QS wave (1-3) 32 (4.1) 26 (4.1) 0.985

Any ischemic ECG abnormalities (I-ECG) 105 (13.4) 98 (15.4) 0.267

Abbreviations: MC, Minnesota Code; NLF, normal lung function.
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Figure 2 Kaplan—Meier curves illustrating survival among subjects with NLF or COPD
with and without ischemic ECG abnormalities (I-ECG) using log-rank; P<<0.001.
Abbreviation: NLF, normal lung function.

The increased risk for death associated with I-ECG in COPD
was independent of disease severity, when assessed as
FEV, % predicted in the model (Table 5). The MRR remained
similar also when smoking habits were given as pack-years,
and when diabetes was included in the model.

The overlap between reported IHD and observed I-ECG
was analyzed; 72.4% of subjects with NLF and I-ECG, and
67.3% of subjects with COPD and I-ECG had no previously
reported heart disease. Among subjects without reported
IHD, those with I-ECG had increased mortality compared to
those without, both in COPD (25.8% vs 8.8%, P<<0.001) and
NLF (14.5% vs 4.3%, P<<0.001). When the basic multivariate
regression model was applied among those without reported
IHD, I-ECG was associated with an increased MRR among
subjects with COPD 3.01 (1.59-5.71) compared to NLF with
no I-ECG. In subjects with NFL and I-ECG, the MRR was
nonsignificantly increased 1.95 (0.94—4.06). When analyzed
separately among subjects with COPD, I-ECG was associated
with an increased MRR, to 1.95 (1.08-3.50), compared to

35 P=0.036

30

P<0.001

25 P=0.006

20 P<0.001

Percent

15

10
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0

NLF COPD

|mNolECG I IECG

Figure 3 The 5-year cumulative mortality, comparing subjects with and without
ischemic ECG abnormalities (I-ECG) among subjects with NLF and COPD, and
comparing subjects with NLF and COPD, respectively, without I-ECG.
Abbreviation: NLF, normal lung function.

Table 4 Ischemic ECG changes, I-ECG, as a risk factor for death,
analyzed in a Poisson regression model®

Groups Mortality risk ratio 95% ClI
NLF Ref

NLF + I-ECG 1.65 0.94-2.90
COPD 1.17 0.77-1.77
COPD + I-ECG 2.36 1.45-3.85

Notes: *Adjusted for age, sex, smoking habits, and BMI classification. Significant
P-values in bold.

Abbreviations: Cl, confidence interval; BMI, body mass index; NLF, normal
lung function; COPD, chronic obstructive pulmonary disease; I-ECG, ischemic
electrographic abnormalities.

those without I-ECG; however, when the FEV, % predicted
was added to the model, the significance was lost, as MRR
was 1.69 (0.94-3.05).

Discussion
In this longitudinal population-based prospective study,
[-ECG was indeed associated with increased crude
mortality — both among subjects with NLF and COPD.
However, only individuals with COPD and I-ECG had a
signinficant increased risk for death as compared to NLF
subjects without I-ECG, when adjusted for confounders.
Among those with COPD, I-ECG almost doubled the risk for
death when compared to those without I-ECG, independent
of common confounders and disease severity, assessed as
FEV, % predicted. A high proportion — more than two-thirds
of those with I-ECG — reported no previously known heart
disease, and this was the case both among those with NLF
and in those with COPD. Furthermore, I-ECG was associ-
ated with a significant increased risk for death, also among
subjects with COPD without previously reported IHD.
Several large trials, including various selected COPD
populations, have shown that IHD is a common cause of death
among subjects with COPD.!" One of the most well-known,
feasible, and — for patients — comfortable ways to detect signs
of IHD is by registration of ECG. Different I-ECG are associ-
ated with increased mortality in the general population,!>!6:2728
and the importance of ECG abnormalities among subjects
with COPD was also highlighted in a recent review.” There

Table 5 Ischemic ECG changes, I-ECG, as a risk factor for death
among subjects with COPD, analyzed in Poisson regression

models?
Variables Model 12 Model 2°

MRR 95% ClI MRR 95% ClI
I-ECG 2.04 1.29-3.22 1.89 1.20-2.99
FEV, % predicted 0.07 0.02-0.24

Notes: *Adjusted for age, sex, smoking habits, and BMI classification. Bold indicates
significance.

Abbreviations: |-ECG, ECG with ischemic abnormalities; MRR, mortality risk
ratio; Cl, confidence interval.
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are a few studies on the prognostic value of ischemic ECG
findings among subjects with COPD; among participants
in a COPD rehabilitation program, those with I-ECG had a
worse clinical outcome than those without.!" In another study
published 20 years ago, an association between I-ECG and
mortality among subjects with COPD was reported. However,
this was a highly selected COPD population discharged from
hospital after exacerbation, and no control group without
COPD was included.'**> Most studies within this area include
highly selected COPD populations, not taking the large well-
known under-diagnosis of COPD***! into account. To the
best of our knowledge, this is the first population-based study
evaluating the impact of I-ECG on mortality by comparing
subjects with and without COPD.

Cardiovascular disease, including IHD, is one of the most
common comorbid conditions among subjects with COPD,*!
but COPD can also be considered a comorbid condition in a
patient with cardiovascular disease. According to a recently
published large European study, almost a third of outpatients
with IHD had lung function abnormalities compatible with
COPD.* A corresponding pattern was found in a register-
based Swedish study; the prevalence of COPD was more
than five times higher among subjects with myocardial
infarction and four times higher, among subjects with stroke
when compared to those without corresponding disease.®
There are several studies of subjects with IHD showing that
those with concomitant COPD have worse outcome. Patients
with myocardial infarction and concomitant COPD had an
increased risk for death and hospital readmissions due to
cardiovascular causes,*® as well as an increased risk for death
or cardiogenic shock* compared to those without COPD;
these data are also supported by a quite recent Swedish
publication.’* Most current guidelines and consensus docu-
ments for diagnosis and treatment of COPD'*3* emphasize
the importance of detecting comorbidities, such as IHD. Our
results highlight the importance of detecting IHD among
subjects with COPD; the combination of these conditions
was related to worse outcome — not only as has been shown
in selected study populations,® but also as shown in this
population-based study including mainly individuals with
mild-to-moderate COPD.

What is the clinical implication of our results? COPD is
vastly underdiagnosed, in general®? as well as among patients
with ITHD,* and, in the current study, merely one fifth of all
subjects fulfilling the spirometric criteria for COPD reported
a physician diagnosis of COPD. An increased awareness
of the large COPD underdiagnosis is important to support
an active approach to diagnostics in daily clinical practice.

Furthermore, in both NLF and COPD with I-ECG, more than
two-thirds did not report any previous IHD. Similarly, among
those with COPD without known heart disease, I-ECG was
related to increased risk for death. Whereas subjects with
COPD and I-ECG share the risk factor smoking and have
common symptoms such as dyspnea that may contribute
to both misclassification and undiagnosed cardiovascular
disease, the mechanisms underlying the observed increased
risk for death are still unclear. Unknown underlying IHD of
prognostic importance could, according to our results, be
identified by a simple resting ECG and provide a basis for
cardiopreventive measures. The value of ECG screening in
subjects with elevated risk for CVD is unclear,*” but recent
studies have shown that ECG contributes to an improved risk
prediction.'*3* Early identification of IHD and treatment of
cardiovascular risk factors may have a beneficial impact on
morbidity and prevent mortality. However, systemic inflam-
mation has been suggested as a link between cardiovascular
disease and COPD,* and the underlying pathophysiological
mechanisms are not fully understood.

Subjects with a restrictive spirometric pattern on dynamic
spirometry — RSP — comprise a heterogeneous group, as RSP
is related to different underlying conditions such as idiopathic
pulmonary fibrosis, thoracic deformities, obesity, and neu-
romuscular disorders. RSP is associated with an increased
burden of cardiovascular risk factors and comorbidity.**#
In the present study, subjects with RSP — in total 12.6% —
were excluded from the reference population without airway
obstruction, because the aim was to compare COPD and those
with NLF. The cardiovascular risk profile related to RSP on
dynamic spirometry is an important topic for future research;
however, it was out of scope for this paper.

The strength of this study is the large population-based
COPD cohort, with a distribution of disease severity
comparable to other population-based studies,’ and a
spirometric classification of COPD based on post-broncho-
dilator spirometry. Furthermore, self-reports on cardiovas-
cular diseases were available, and the ECGs were manually
Minnesota coded by two independent coders. There are
also limitations: ischemic abnormalities on ECG are often
transient; ischemic T-waves may disappear after some
months but can also remain for years; pathological Q-waves
are often considered to be a permanent sign of transmural
myocardial infarction, but in some cases they can disappear
spontaneously during the years following a myocardial infrac-
tion?’; and, furthermore, re- and depolarization changes may
reflect other, but less frequent, conditions such as cardiomyo-
pathies, albeit classified as I-ECG by the MC. However, we
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expect that the distribution of transient ECG abnormalities
was similar among those with COPD and NLF and, thus, not
considered to affect the results. Although the study includes a
rather large population-based COPD cohort, we acknowledge
that both the number of subjects with I-ECG and the total
number of fatal events are low, affecting the statistical power,
especially in subgroup analyses. Nonetheless, the associations
were strong enough to generate significant results while also
generating hypotheses for future studies in larger population
surveys. Further, limitations are that detailed data on medica-
tion were not available in 2005, which is why we could not
control for specific medication use, and that data from medical
records were not available to verify self-reported disease.
Furthermore, the spirometric fixed ratio criterion to define
COPD may overdiagnose COPD among the elderly* and,
during the last few years, the lower limit of normal has been
more commonly used in epidemiological studies. Despite
this, the fixed ratio criterion is used in most current clinical
guidelines for diagnostics and treatment of COPD; thus, the
results can be interpreted in the clinical setting.

Conclusion

This population-based study shows that although I-ECG are
associated with a higher mortality both among subjects with
NLF and COPD, only individuals with COPD and I-ECG
had a significant increased risk for death when adjusted for
confounders. Among those with COPD, the almost doubled
risk for death associated with I-ECG was independent of dis-
ease severity, which was assessed as the FEV % predicted.
Furthermore, I-ECG was associated with an increased risk
for death among subjects without previously reported heart
disease. These findings indicate that a simple resting ECG
may be a valuable tool in the clinic setting to detect isch-
emic abnormalities of prognostic value among subjects with
COPD, independent of previously known heart disease.
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