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Background: The role of QTc-prolongation, in relation to the increased mortality in COPD, is unclear.
Objectives: To estimate the prevalence and prognostic impact, assessed as mortality, of QTc-prolongation in
COPD, restrictive spirometric pattern (RSP), and normal lung function (NLF), respectively.

Methods: All individuals (n =993) with COPD and age- and sex-matched non-obstructive referents were iden-
tified from well-defined population-based cohorts examined in Northern Sweden in 2002—04. In 2005, the
study-sample was invited to re-examination including ECG; QTc was calculated and mortality data collected
until 31st December 2010.

Results: The prevalence of QTc-prolongation was higher among people with RSP than among those with NLF
and, although similar in NLF and COPD, the prevalence increased by COPD-severity. Among participants with
COPD, those with QTc prolongation had higher mortality than those with normal QTc, while no such differen-

Pulmonary disease
Chronic obstructive

ces were found among participants with NLF or RSP.
Conclusion: Among participants with COPD, the prevalence of QTc-prolongation increased by disease-sever-

ity and was associated with mortality.

© 2018 Elsevier Inc. All rights reserved.

Introduction

Chronic Obstructive Pulmonary Disease (COPD) is a major public
health problem, though greatly under-diagnosed."” The burden of
symptoms is high,’ comorbidities are common,* and cardiovascular
comorbidities contribute to the increased mortality among subjects
with COPD.>®

Prolonged QTc on electrocardiogram (ECG), i.e. heart rate cor-
rected QT-interval, is a risk marker of arrhythmic episodes and sud-
den cardiac death.”® There are rare hereditary forms of prolonged
QTc, but the acquired form, due to advancing age, electrolyte abnor-
malities, structural heart disease, and specific drugs, is more
common.'°

A few studies on small and highly selected populations of COPD
have suggested that individuals with COPD have an increased preva-
lence of prolonged QTc.'" In a population of moderate to severe
COPD, the development of ventricular arrhythmias was associated
with prolonged QTc,'? and people with COPD had an increased risk
of sudden cardiac death,’®> which may be related to ventricular
arrhythmias.

* Corresponding author.
E-mail address: Ulf.nilsson@umu.se (U. Nilsson).

https://doi.org/10.1016/j.hrtlng.2018.09.015
0147-9563/$ - see front matter © 2018 Elsevier Inc. All rights reserved.

There are different spirometric criteria for COPD which partially
overlap. In most clinical guidelines, as well as the Global Initiative for
Obstructive Lung Disease (GOLD) document, airway obstruction in
COPD is defined by a post-bronchodilator fixed ratio, FEV,/
FVC < 0.70,'“'> while the lower limit of normal, LLN, is recommended
in epidemiological studies.'® Besides COPD, restrictive spirometric
pattern, RSP, on dynamic spirometry, is also associated with an
increased mortality in cardiovascular disease.'” RSP is more common
than previously realized,'® and QTc prolongation may contribute to
the observed increased cardiovascular mortality. However, there is a
lack of population-based studies comparing the prevalence of QTc
prolongation among individuals with and without COPD and the pos-
sible impact of QTc prolongation on mortality in these groups. Fur-
thermore, to our knowledge, there are no studies addressing these
questions among individuals with RSP.

The aim of this population-based study was to estimate the
prevalence of prolonged QTc among adults with chronic airway
obstruction (COPD) and restrictive pattern respectively, in com-
parison with normal lung function. In addition, the study aimed
to evaluate if prolonged QTc was associated with mortality over a
five-year period. A sensitivity analysis was also performed by
applying the LLN-COPD spirometric criterion in the GOLD-COPD
population.
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Methods
Study population and sample

In 200204, four population-based adult cohorts within the epide-
miological research program the Obstructive Lung Disease in Northern
Sweden (OLIN) studies were invited to re-examination. The recruit-
ment of these cohorts has been described previously.'® All participants
with obstructive lung function impairment (COPD, n =993) were iden-
tified by lung function testing together with age- and sex-matched
referents without airway obstruction (non-COPD) and recruited to a
longitudinal population-based observational study, the OLIN COPD
study. The study was conducted in accordance with the Declaration of
Helsinki and approved by the Regional Ethics Committee at Umea Uni-
versity, Umea, Sweden. Written informed consent was obtained from
all participants. Since 2005, the study sample (n=1986) has been
invited to annual examinations with a basic program including
dynamic spirometry and a structured interview. The study design was
previously described in detail.'® The current study is based on data
obtained in 2005, when ECG recordings were also performed.”° In total
1625 subjects, of which 634 with COPD, had complete data on ECG, spi-
rometry and structured interview. The structured interview collected
data on respiratory symptoms, smoking habits and co-morbid condi-
tions. The original age- and sex-matching was removed after recruit-
ment to the study. Mortality data were collected from the national
population register during the observation time; from date of examina-
tion in 2005 until 31st December 2010.

Electrocardiography

ECG was performed before spirometry, after sufficient rest, and
recorded as a standard resting 12-lead ECG in the supine position. All
ECGs were classified according to the Minnesota Code (MC).?%?! Sub-
jects were excluded if they had ECG-abnormalities which could

interfere with measurements of the QT interval (n =145, Fig. 1). QT-
measurements were performed manually with a calliper of a
0.01 mm resolution by a qualified observer blinded to clinical data. A
second qualified observer measured a random sample of the ECGs
and the observers’ measurements were compared employing correla-
tion analyses of maximum QT-distance and mean RR-interval
(r=0.94, p <0.001 and r=0.89, p <0.001 respectively). The QT was
measured in three consecutive ECG complexes in lead II, V5 and V6.
The mean QT-interval of each lead was calculated and the R-R inter-
val was measured in the lead with the longest mean QT interval. To
identify the end of the T-wave, the “tangent method” was used.’?
Corrected QT intervals (QTc) were derived using the Bazett formula®*
for heart rates<90bpm and the Fridericia formula for heart
rates > 90 bpm.”* A threshold of 450 ms for men and 460 ms for
women was used to define prolonged QTc intervals.?> Borderline QTc
was defined as 430—449 ms for men and 440—459 ms for women.

Lung function

Lung function test was performed using a dry volume spirometer,
the Vicatest 5 (Gebr. Mijnhardt B.V. Odijk, Netherlands). Vital capacity
(VC) was defined as the highest value of forced vital capacity (FVC)
and slow vital capacity (SVC). The reversibility test was performed
with Ventoline® 4 x 0.2 mg if FEV;/VC < 0.70 or FEV; < 80% of pre-
dicted value. Based on the best values of VC and FEV, pre- or post-
reversibility test, COPD was defined as FEV;/VC < 0.70 (GOLD-COPD)
and by the LLN criterion, FEV,/VC below the fifth percentile of the ref-
erence value (LLN-COPD). Disease severity among subjects with COPD
was based on FEV% predicted, further classified according to GOLD
into GOLD 1-4."* Non-COPD, defined as FEV,/VC > 0.70, was further
divided into normal lung function (NLF), FEV;/VC>0.70 and
VC > 80%, and restrictive spirometric pattern (RSP), FEV,/VC > 0.70
and VC < 80%. Local reference values based on respiratory healthy
non-smokers were used.?®

The OLIN COPD-study

2002-2004
(n=1986)
Deceased before 2005
(n=71)
Missing data on ECG,
» spirometry, structured
interview
(n=290)
y
2005
Complete data on ECG,
spirometry, structured interview
(n=1625)
l [
\ 2 \ 4 \ 2
ECG not analyzable Atrial fibrillation Pacemaker Right or left bundle-
(n=6) (n=52) (n=14) branch block (RBBB, LBBB)

(n=73)

Total study population
(n=1480)

Fig. 1. Recruitment of the study population.
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Statistical analysis

Statistical analyses were performed with the program SPSS ver-
sion 22.0 (IBM, Armonk, NY, USA). Categorical variables were com-
pared using the chi-square test and one sample chi-square. Fischer's
exact test was used when appropriate. Continuous data was analyzed
with histograms and P-P plots, and followed a Gaussian distribution.
Independent sample t-test and ANOVA were used to compare means.
Pearsons correlation was used for inter-rater reliability test compar-
ing ECG-readers QT measurements. All tests were two tailed, and p
values of < 0.05 were considered statistically significant. Survival by
normal, borderline and prolonged QTc interval was illustrated by
Kaplan-Meier curves separately for subjects with NLF, RSP, GOLD-
COPD and LLN-COPD, respectively.

Results

A flowchart of the study sample, recruitment, inclusions and
exclusions is shown as Fig. 1. The study sample included 1480 adults
with complete data on spirometry, interview and ECG with QTc
measurements (Fig. 1), whereof 571 GOLD-COPD and 909 non-COPD,
the latter further divided into NLF (n =734) and RSP (n = 175). The dis-
tribution of disease severity in GOLD-COPD was 41.0% GOLD 1
(n=234), 51.7% GOLD 2 (n=295) and 7.4% GOLD 3—4 (n=42). The
clinical and demographic characteristics of the study population are
presented in Table 1.

Subjects with RSP had a higher mean age, mean BMI and a higher
prevalence of diabetes, hypertension, angina, AMI and the com-
pound measure ischemic heart disease (IHD) than subjects with NLF
(Table 1). Mean QTc was longer, and the prevalence of prolonged
QTc was higher in RSP than NLF (p=0.012 and 0.027), significantly
so also among men, but not among women. The prevalence of bor-
derline QTc was non-significantly higher in RSP than in NLF
(p=0.208) (Table 2).

Subjects with GOLD-COPD had a higher mean age and burden of
tobacco smoking, but lower mean BMI, than those with NLF. The
prevalence of acute myocardial infarction (AMI) was higher in GOLD-
COPD than NLF, while the prevalence of the compound measure IHD
was similar (Table 1). Mean QTc and prevalence of prolonged QTc
were similar in NLF and GOLD-COPD, while the prevalence of border-
line QTc was higher in GOLD-COPD than in NLF (p < 0.001). Among
men, the mean QTc and the prevalence of borderline QTc were higher

Table 1

in GOLD-COPD than NLF, while among females, similar comparisons
were non-significant (Table 2).

Mean QTc was higher in GOLD 2 and GOLD 3-4 than in GOLD 1,
with a similar pattern in both sexes. The prevalence of borderline and
prolonged QTc was higher in GOLD 2 and GOLD 3-4 than in GOLD 1,
with a similar pattern among men for prolonged QTc, and among
women for borderline QTc (Table 3). The prevalence of borderline as
well as prolonged QTc increased by GOLD grade (test for trend
p=0.002 for both groups).

Among those with GOLD-COPD, 299 subjects, 52%, fulfilled the
spirometric criteria for LLN-COPD. Supplemental Table 1 show basic
characteristics comparing NLF and LLN-COPD. The proportion of
women was lower in LLN-COPD than NLF, while the mean age was
similar. Otherwise the pattern was similar as when comparing NLF
and GOLD-COPD.

When comparing mean QTc and prevalence of borderline and pro-
longed QTc between NLF and LLN-COPD (supplemental Table 2), the
pattern was similar as between NLF and GOLD-COPD; the prevalence
of borderline QTc was higher in LLN-COPD than NLF, significantly so
also among men (p = 0.005) (supplemental Table 2). QTc variables by
GOLD grade had a similar pattern in LLN-COPD as in GOLD-COPD.
Mean QTc was longer in GOLD 3-4 than GOLD 1, and non-significantly
so also when comparing GOLD 2 and GOLD 1. The prevalence of pro-
longed QTc was higher in GOLD 2 and GOLD 3-4 than in GOLD 1. Cor-
responding analyses showed a similar pattern among men, but not
among women, with the reservation for few cases in the sex-strati-
fied analyses (supplemental Table 3). The prevalence of prolonged
but not borderline QTc increased by GOLD grade (test for trend
p=0.043 and 0.187, respectively).

The cumulative overall mortality was 7.1% (n=52) in NLF, 12.6%
(n=22) in RSP, 11.6% (n=66) in GOLD-COPD and 12.4% (n=37) in
LLN-COPD. In Table 4, the mortality is presented by normal, border-
line and prolonged QTc in each group respectively. There were no sig-
nificant findings in the NLF and RSP groups. The mortality was higher
among those with borderline QTc than those with normal QTc in
GOLD-COPD and LLN-COPD, and prolonged QTc was associated with
a higher mortality than normal QTc in GOLD-COPD, and non-signifi-
cantly so also in LLN-COPD. Test for trend was positive in both GOLD-
COPD and LLN-COPD (p =0.005 and 0.012). The mortality was similar
in borderline and prolonged QTc in both GOLD-COPD (p = 0.665) and
LLN-COPD (p = 0.845). Survival by normal, borderline and prolonged
QTc interval is illustrated by Kaplan-Meier curves by group in Fig. 2A)
NLF, B) RSP, C) GOLD-COPD, and D) LLN-COPD, and the corresponding

Clinical and demographic characteristics of the sample at baseline, comparing subjects with normal lung function (NLF) with restrictive spirometric pattern (RSP) and GOLD-COPD,

respectively. Significant values in bold. N (%), unless otherwise stated

Category Variable NLF n=734 RSPn=175 p° GOLD-COPD n=571 Pe
Sex Women 363 (49.5) 78 (44.6) 0.245 260 (45.5) 0.159
Age Age, mean (SD) 64.1(11.2) 67.7(9.8) <0.001¢ 66.1(10.3) 0.001¢
BMI BMI, mean (SD) 27.0 (4.1) 29.0 (4.9) <0.001¢ 26.3 0.002°
Smoking habits Pack-years, mean (SD) 6.9(10.6) 8.3(12.6) 0.117 16.4(16.2) <0.001¢
Non-smoker 349 (47.5) 82 (46.9) 0.869 141 (24.7) <0.001¢
Ex-smoker 289 (39.4) 74 (42.3) 0.480 228(39.9) 0.838
Current smoker 96 (13.1) 19(10.9) 0.427 202 (35.4) <0.001¢
Comorbidities Diabetes 58(7.9) 37(21.1) <0.001¢ 48 (8.4) 0.741
Hypertension 230(31.3) 90 (51.4) <0.001¢ 197 (34.5) 0.227
Angina pectoris 74(10.1) 28(16.0) 0.026 63(11.0) 0.578
AMI 17 (2.3) 11(6.3) 0.006¢ 28 (4.9) 0.011¢
CABG 22(3.0) 8(4.6) 0.295 9(1.6) 0.094
PCl 12(1.6) 5(2.9) 0.346 9(1.6) 0.933
[HD? 87(11.9) 35(20.0) 0.004° 84(14.7) 0.129

Comparison between NLF and RSP.
Comparison between NLF and COPD.
Significant also after Bonferroni correction for multiple testing.

a n o o

Ischemic Heart Disease (IHD), includes any of angina pectoris, myocardial infarction (AMI), Coronary artery Bypass Graft (CABG) and Percutaneous Coronary Intervention (PCI).
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Table 2

Comparing mean QTc values, the prevalence of prolonged QTc and borderline QTc in subjects with normal lung function (NLF) to those with restrictive spirometric pattern (RSP) and

GOLD-COPD, respectively. Analyses are also stratified for sex. Significant values in bold

Variables Sex NLF n=734 RSPn=175 pc COPD n=571 pd
QTc ms, mean (SD) (range) All 414.3(25.3) (343.0-509.3) 419.8 (27.6) (357.5-501.28) 0.012°¢ 416.1(25.8) (344.7-501.4) 0.208
Men 409.7 (25.5) (343.0-503.2) 417.3(30.6) (357.5-501.3) 0.026 413.9(26.6) (344.7-498.7) 0.034
Women 419.1 (24.1) (345.3-509.3) 422.9(23.2) (363.0—486.9) 0.633 418.8 (24.5) (356.6—501.4) 0.870
Heart rate, mean (SD) All 68.9(11.3) 68.9(12.4) 0.986 71.1(12.3) 0.001°¢
Men 66.7+11.4 66.6 +12.5 0.963 70.0+123 <0.001°
Women 71.2+10.8 71.8 £11.7 0.691 724+12.2 0.227
Prolonged QTc n(%) All 48 (6.5) 20(11.4) 0.027 39(6.8) 0.835
Men 26 (7.0) 15(15.5) 0.009° 27 (8.7) 0.416
Women 22(6.1) 5(6.4) 0.907 12 (4.6) 0.434
Borderline QTc, n(%)" All 80(10.8) 25(14.3) 0.208 98(17.2) 0.001°
Men 45(12.1) 11(11.3) 0.831 62(19.9) 0.005°
Women 35(9.6) 14(17.9) 0.034 36(13.8) 0.103

a
b

Prolonged QTc is defined as > 450 ms for men and > 460 ms for women.
Borderline QTc is defined as > 430 ms for men and > 440 ms for women.
Comparison between NLF and RSP.

Comparison between NLF and COPD.

Significant also after Bonferroni correction for multiple testing.

c
d

e

log rank test indicated different survival when comparing normal,
borderline and prolonged QTc in GOLD-COPD and LLN-COPD
(p=0.016 and p = 0.019), but not in NLF and RSP.

Discussion

In this population-based study the prevalence of borderline QTc
was higher in both groups with airway obstruction, GOLD-COPD and
LLN-COPD, when compared with NLF. The prevalence of prolonged
QTc did not differ between groups. Mean QTc increased by GOLD
stage regardless of COPD definition, and so did the prevalence of bor-
derline and prolonged QTc. In general, the observed differences were
more pronounced among men than among women. Both borderline
and prolonged QTc were associated with increased mortality when
compared with normal QTc among subjects with GOLD-COPD and
LLN-COPD. Although individuals with restrictive spirometric pattern
(RSP) had more diabetes, cardiovascular disease, longer mean QTc
interval, and higher prevalence of prolonged QTc compared to sub-
jects with NLF, neither borderline nor prolonged QTc was associated
with increased mortality among them.

Acquired prolonged QTc is more common among adults and is
associated with advanced age, electrolyte abnormalities, structural
heart disease and specific drugs.”’*® There is also evidence that pro-
longed QTc is associated with an increased risk for death.?*° There

Table 3

was no association between QT interval and overall or cardiovascular
mortality in a follow-up of the original community-based cohort of
the Framingham Heart Study.>! However, the QT interval was associ-
ated with increased all-cause mortality as well as cardiovascular and
sudden cardiac death in a later follow up of the Framingham Heart
study, which also included a second cohort. However, the risk was
attenuated after adjustment for heart rate.® In a large US population-
based study including > 15,000 subjects there was an increased risk
for cardiovascular death associated with prolonged QTc among both
men and women.>” In the large Rotterdam study, prolonged QTc,
defined as > 440 ms, was associated with an increased risk for death
among subjects without signs of cardiac dysfunction, independent of
age, sex, medication and previous myocardial infarction.!

Even though the pathophysiological relationship between COPD
and prolonged QTc is not clear, subjects with COPD and hypoxemia
may have autonomic neuropathy associated with prolonged QTc inter-
val and an increased risk for death.>* The assumption of a relationship
between autonomic neuropathy associated with chronic lung disease,
prolonged QTc, and mortality is also supported by a study of 3000
elderly Japanese-American men on Hawaii.>* There are a few studies
on highly selected COPD-populations focusing on the prevalence and
prognostic impact of prolonged QTc; longer mean QTc was associated
with mortality in a follow up of subjects with COPD without known
cardiovascular disease hospitalized due to exacerbation®® In a

The QTc interval among subjects with GOLD-COPD by GOLD-grade. Comparing mean QTc values, prevalence of prolonged QTc and borderline QTc in GOLD 1 with GOLD 2 and GOLD

3-4, respectively. Analyses are also stratified for sex. Significant values in bold

Variable Sex GOLD 1n=234 GOLD 2 n=295 pe GOLD 3-4n=42 pe

Sex n (%) Women 115 (49.1) 131 (44.4) 14(33.3)

QTc ms, mean (SD) All 411.7 (23.3) 418.9(27.3) 0.001° 4212(252) 0.017¢
Men 409.0 (23.9) 415.9(28.3) 0.032 423.0(24.1) 0.006°
Women 414.4(224) 4227 (25.5) 0.008° 417.6(27.9) 0.628

Heart rate, mean (SD) All 70.1(12.3) 70.8 (11.7) 0.550 78.4 (14.4) <0.001°
Men 67.9(11.6) 70.4(11.8) 0.639 78.4(15.1) 0.001°
Women 72.4(12.6) 71.7 (11.6) 0.659 782 (15.3) 0.110

Prolonged QTc, n (%)* All 8(3.4) 26(8.8) 0.012¢ 5(11.9) 0.017¢
Men 4(3.4) 18(11.0) 0.018° 5(17.9) 0.004°
Women 4(35) 8(6.1) 0.340 0(0) 0478

Borderline QTc, n (%)° All 27(11.5) 62(21.0) 0.004° 9(21.4) 0.080
Men 19(16.0) 37(22.6) 0.169 6(21.4) 0.489
Women 8(7.0) 25(19.1) 0.005° 3(21.4) 0.067

a
b

Prolonged QTc is defined as > 450 ms for men and > 460 ms for women.
Borderline QTc is defined as > 430 ms for men and > 440 ms for women.
¢ Comparison between GOLD 1 and GOLD 2.

4" Comparison between GOLD 1 and GOLD 3-4.

¢ Significant also after Bonferroni correction for multiple testing.
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Table 4

Comparing cumulative mortality across 5 years among subjects with normal QTc, bor-
derline QTc and prolonged QTc by group; normal lung function (NLF), restrictive spiro-
metric pattern (RSP), GOLD-COPD and LLN—COPD. Data are presented as n (%).
Significant values in bold

Normal Borderline  P? Prolonged P° pc
NLF 39(64) 8(10.0) 0236  5(104) 0.289  0.155
RSP 17(13.1) 3(12.0) 0.883  2(10.0) 0.700  0.695
GOLD-COPD 41 (9.4) 17(17.3) 0.023¢ 8(20.5) 0.030 0.005
LLN-COPD 20(9.1) 12(21.8) 0.009° 5(20.0) 0.090 0.012

¢ Comparing normal QTc and borderline QTc.

b Comparing normal QTc and prolonged QTc.

¢ Mantel Haenzel test for trend.

4 Significant also after Bonferroni correction for multiple testing.

population of 91 subjects with more severe COPD, close to every third
had a prolonged QTc interval defined as > 450 ms, which was signifi-
cantly more common than among controls.” In 246 patients above the
age of 65, with a COPD diagnosis from general practice confirmed by
post-bronchodilator FEV;/FVC < 0.70, 9% had prolonged and 16% bor-
derline QTc, and the prevalence of prolonged- but not borderline QTc
increased by GOLD stage; in GOLD 1, 2 and 3, 6%, 8% and 13% respec-
tively.>® Also in this study, the Bazett formula was used for correction

A: Normal lung function

Log Rank (Mantel-Cox) p=0.332
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55 907
S .2
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100
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55 907
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of heart rate, but the cut-off for borderline and prolonged QTc was
slightly higher for women than in our study; 450-470ms
and > 470 ms, respectively. In another study, where 281 out of 2585
participants fulfilled the spirometric COPD criteria, COPD was associ-
ated with prolonged QTc, using similar cut-offs as in our study, but
employing the Framingham formula for heart rate correction.>” While
the studies referenced above indicate that the prevalence of prolonged
QTc interval may be increased and have an impact on prognosis in
COPD, there is a lack of population-based studies including subjects
with COPD confirmed by generally accepted spirometric criteria.

To the best of our knowledge, this is the first population-based
study to show that not only the prevalence of ischemic ECG abnor-
malities,?° but also borderline and prolonged QTc, increased by dis-
ease severity among subjects with COPD, confirmed by post-
bronchodilator spirometric criteria. Furthermore, regardless of
whether COPD was defined by the post-bronchodilator fixed-ratio
criteria (GOLD-COPD) or the lower limit of normal criteria (LLN-
COPD), both borderline and prolonged QTc were associated with
worse survival than normal QTc among subjects with COPD, but not
among subjects with NLF or RSP. RSP is associated with an increased
cardiovascular burden,'”*® also confirmed by our study. Still, despite
a higher burden of CVD, longer mean QTc and higher prevalence of
prolonged QTc in RSP than in NLF, we found no increased mortality
related to QTc prolongation in RSP, nor in NLF.

B: Restrictive spirometric pattern

Log Rank (Mantel-Cox) p=0.943

1004
- 90_%
z22
55 907
s .2
gg 70+
® 604
\\
o
0 500 1000 1500 2000 2500
Person-days
D: LLN-COPD
Log Rank (Mantel-Cox) p=0.019
100
__ 904
XS
55 907
3.2
gg 704
® 604
‘\
o
0 500 1000 1500 2000 2500

Person-days

— Normal QTc
— Borderline QTc
Prolonged QTc

Fig. 2. Kaplan—Meier curves illustrating survival among subjects with normal, borderline and prolonged QTc respectively within the groups (A) Normal lung function, (B) Restric-

tive spirometric pattern, (C) GOLD-COPD, and (D) LLN—COPD.
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The current study has some limitations, for example, lack of infor-
mation about medications. It is known that different drugs may affect
the QT-interval and induce Torsades de Pointes.>® B-agonists, a com-
monly used drug in COPD, has been associated with increased all-
cause mortality,”° but there is no clear evidence that b-agonists have
a significant clinical effect on the QTc. However, caution regarding
medication that may interact and be harmful to subjects with pro-
longed QTc is warranted. Furthermore, the study population was not
large enough to allow analyses of subpopulations or multivariate risk
factor analyses. Thus, the results of the sex-stratified analyses have to
be interpreted with caution, due to a low number of cases in some
groups.

An additional limitation is the challenge of recognizing the end of
the T-wave when measuring the QT interval on the ECG. We used the
“tangent method” to identify the end of the T-wave,?? a commonly
used method with a high reproducibility, but considered to give sys-
tematically shorter QT measurement compared to other methods.*'
We used the cut-off for prolonged QTc according to the American
Heart Association,”> while the cut-off for borderline QTc is debatable,
as there is no generally accepted gold standard.** The methods for
heart rate adjustment are also not well established. The Bazett for-
mula is one of the most commonly used'>>%%? and was used in this
study for heart rates up to 90 bpm, while the Fridericia formula was
used for heart rates above that. However, the Bazett formula may
overestimate the risk for death associated with QTc*® and, according
to a recently published paper, the Fredericia, Hodges and Framing-
ham formulas were better than the Bazett formula to remove the
effect of heart rate on the QT interval.** On the other hand, the
method for heart rate adjustment does not affect the association
between death and QTc.>® Similar adjustments for heart rate were
used in all groups, and the chosen formulas likely do not explain the
observed differences between them. Furthermore, our results are
based on ECG registration at one occasion; QTc interval may change
over time and others have shown that consistent, but not inconsis-
tent, QTc-prolongation is associated with increased risk for death.*

Most previous studies of QTc in COPD have been performed in
highly selected populations, including subjects with more severe
COPD, and the results of these studies may also be affected by the
under-diagnosis of COPD.! In contrast, our cohort includes mostly
people with mild to moderate COPD, corresponding to the known dis-
tribution of disease severity in population-based studies.*® Our
results are thus not affected by the known under-diagnosis'**’ and
are expected to be generalizable to COPD in the population. While
the current study has some limitations, the increased cumulative
mortality illustrated by the Kaplan-Meier curves associated with bor-
derline and prolonged QTc in COPD, but not RSP and NLF, is clearly
hypothesis generating. Important future research questions will be to
evaluate the possible impact of medication on QTc among individuals
with COPD, and to enlarge the study sample to allow multivariate
risk factor analyses and analyses of subpopulations.

Conclusion

In this population-based study, diabetes, cardiovascular disease
and QTc prolongation were more common among subjects with
restrictive spirometric pattern than normal lung function. However,
neither the borderline or prolonged QTc were associated with
increased mortality among those with restrictive spirometric pattern
or normal lung function. Among subjects with obstructive lung func-
tion impairment, regardless if defined by the post-bronchodilator
fixed ratio or the LLN-criteria, the prevalence of QTc prolongation
increased by GOLD stage, and both borderline and prolonged QTc
intervals were associated with worse survival when compared with
normal QTc. Thus, a simple 12-lead ECG including assessment of QTc
may be of prognostic value in COPD. Further studies of factors

associated with prolonged QTc intervals in COPD and, thereby possi-
ble means of intervention, should be considered.
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