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Abstract

Background—The QT interval on electrocardiogram (ECG) reflects ventricular repolarization; a
prolonged QT interval is associated with increased mortality risk. Prior studies suggest an
association between chronic obstructive pulmonary disease (COPD) and prolonged QT interval.
However, these studies were small and often enrolled hospital-based samples. We tested the
hypotheses that lower lung function and increased percent emphysema on computed tomography
(CT) are associated with a prolonged QT interval in a general population sample and additionally
in those with COPD.

Methods—As part of the Multi-Ethnic Study of Atherosclerosis (MESA) Lung Study, we
assessed spirometry, full-lung CT scans, and ECGs in participants aged 45-84 years. The QT on
ECGs was corrected for heart rate (QTc) using the Framingham formula. QTc values >460msec in
women and =450msec in men were considered abnormal (prolonged QT¢). Multivariate
regression models were used to examine the cross-sectional association between pulmonary
measures and QTc.

Results—The mean age of the sample of 2585 participants was 69 years, and 47% were men.
There was an inverse association between FEV1%, FVC%, FEV1/FVC%, emphysema, QTc
duration and prolonged QTc. Gender was a significant interaction term, even among never
smokers. Having severe COPD was also associated with QTc prolongation.

Conclusions—Our analysis revealed a significant association between lower lung function and
longer QTc in men but not in women in a population-based sample. Our findings suggest the
possibility of gender differences in the risk of QTc-associated arrhythmias in a population-based
sample.

Keywords
QT duration; QT interval; lung function; emphysema; COPD

INTRODUCTION

Chronic obstructive pulmonary disease (COPD), defined as an airflow limitation that does
not fully reversel, is a highly prevalent condition that has robust effects on cardiovascular
autonomic function?. The influence is not restricted to the right heart, but affects the entire
cardiovascular system through multiple complex interactions. For example, a higher
percentage of emphysema-like lung diminishes left ventricular filling, reduces stroke volume
and lowers cardiac output3. Lung diseases such as COPD and emphysema may be
considered syndromes that include cardiovascular implications, even in the early phases4:.

The autonomic neuropathy seen in lung disease appears to include prolongations of the QT
interval, a sign of longer repolarization of the ventricles, which is a risk factor for
polymorphic ventricular tachycardia or torsade de pointes®. A longer QT interval indicates
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an abnormal cardiovascular electrical cycle and is linked to an increased risk of adverse
cardiovascular events and mortality’~14,

Whether a similar autonomic neuropathy exists in subclinical lung disease or varies by
COPD sub-phenotypes in the general population, remains unknown. Therefore, we
examined the association of the QT interval with lung function on spirometry, COPD
diagnosis, and the percentage of emphysema-like lung on computed tomography (CT)
(hereafter-referred to as percent emphysema) in a diverse population-based cohort. We
hypothesized that lower lung function and higher percent emphysema would be associated
with a longer QT interval and with abnormally prolonged QT.

METHODS

Study Participants

The Multi-Ethnic Study of Atherosclerosis (MESA) is a multicenter, prospective cohort
study of subclinical cardiovascular disease in Whites, Blacks, Hispanics, and Asians (mostly
of Chinese origin) without clinical cardiovascular disease at baselinel®. Between 2000 and
2002, MESA recruited 6814 men and women 45 to 84 years of age from six U.S.
communities.

MESA-Lung is an ancillary study of MESA participants active at follow-up exams 3 or 4.
The MESA Lung Study recruited 3,965 participants sampled randomly from MESA. The
lung and ECG data analyzed in this study were acquired at the follow-up visit in April 2010—
12.

Participants with bundle branch block (defined as QRS duration =120msec), atrial
fibrillation, atrial flutter, a paced rhythm, idioventricular rhythm, or complete heart block on
the ECG were excluded. Since we were interested in examining at the association with
subclinical measures suggestive of obstructive lung disease, participants with a restrictive
pattern on spirometry (pre-bronchodilator forced vital capacity (FVC) less than the lower
limit of normal and a FEV41/FVC ratio>0.716) were excluded. This resulted in 2585
participants eligible for analysis.

The institutional review boards of all collaborating institutions and the National Heart Lung
and Blood Institute (National Institutes of Health, Bethesda, MD, USA) approved the
protocols of MESA and all studies described herein. All participants provided informed
consent.

Measurements

QT Interval—Resting ECGs were recorded in the supine or semi-recumbent position using
the GE MAC 1200 electrocardiograph (GE Healthcare, Milwaukee, Wisconsin) at
10mm/mV and a speed of 25 mm/s. Participants had an overnight fast before the ECGs were
recorded. All ECGs were transferred to the MESA Central ECG Reading Center at the
Epidemiology Cardiology Research Center (EPICARE), Wake Forest School of Medicine
(Winston Salem, North Carolina). QT interval was defined as the duration between the
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earliest QRS onset to the latest T-wave offset. Minnesota codel” was used for classification
of ECG abnormalities.

While the QT corrections are susceptible to under- or overestimation of the true QT interval,
correcting the QT interval for heart rate is necessary as the QT interval varies with the RR
interval: the shorter the RR interval (or the faster the heart rate), the shorter the QT interval.
Based on the Recommendations of the American Heart Association, American College of
Cardiology, and Heart Rhythm Society for the Standardization and Interpretation of the
Electrocardiogram, we used a linear regression function for QT correction!8. The model
used is the Framingham model!® and was calculated as:

QTe=QTduration+154*(1 — 60/heart rate)

QTc values 2460 ms in women and =450 ms in men are considered abnormal (prolonged
QTc)™8,

Spirometry—~Post-bronchodilator spirometry was conducted in accordance with ATS/ERS
guidelines?%-21 on a dry-rolling-sealed spirometer (Occupational Marketing, Inc., Houston,
TX), as previously described??. Predicted values were calculated using reference equations
from the National Health and Nutrition Examination Survey 1111620 with a 0.88 correction
for Asians?2.

COPD status was defined as a post-bronchodilator FEV1/FVC ratio<0.7. COPD severity was
graded as FEV1=80% predicted (mild), 50-79% predicted (moderate) or <50% predicted
(severe)23, In addition to classifying lung function into categories for COPD severity, lung
function was also examined as a continuous parameter. 426 participants could not be
classified with respect to COPD because they did not receive a bronchodilator.

Percent Emphysema—~Percent emphysema was assessed at suspended full inspiration on
the lung fields of full-lung thoracic CT scans as previously described?4. Percent emphysema
was defined as lung regions below —950 Hounsfield units (HU)2%. Emphysema on CT was
dichotomized as percent emphysema above the upper limit of normal (ULN) based upon
reference equations2®.

Sociodemographic and clinical covariates—Information about age, sex, race or
ethnicity, and medical history were self-reported. Height and weight were measured
following the MESA protocol?’. Fasting blood samples were drawn and sent to a central
laboratory for measurement of glucose and lipids. Diabetes was coded dichotomously and
defined as a fasting glucose level of 126 mg/dL or greater?8 or use of medications for
diabetes (as assessed by a medication inventory). Resting blood pressure was measured three
times in the seated position and the mean of the second and third readings was recorded.
Hypertension, treated as a dichotomous variable, was defined by the current use of any
antihypertensive medication or by systolic blood pressure = 140 mmHg or diastolic blood
pressure = 90 mmHg2°. Current smoking was categorized as having smoked a cigarette in
the previous 30 days30. Possible and definite QT prolonging medications were defined
according to the Arizona Center for Education and Research on Therapeutics database31.
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The primary analysis of the association between lung function and QTc duration was
determined using linear regression. Logistic regression was used for the secondary analysis
with QTc prolongation (dichotomized based on sex-specific thresholds). Models were
adjusted for age (in years), gender, race/ethnicity, smoking status, pack years, hypertension,
diabetes, education, weight (in pounds), height (in centimeters), and QT prolonging
medications (any vs. none). Models for percent emphysema were additionally adjusted for
scanner manufacturer and BMI categories (underweight [BMI<20] and obese [BMI1=30] as
compared to a normal/overweight reference group [20<BMI<30]).

The cohort was divided into quintiles based on pre-bronchodilator FEV; for descriptive
purposes. The main exposures of interest were lung function measures: FEV 1%, FVC%, and
FEV1/FVC% predicted, used continuously; COPD status (any vs none) or severity (mild,
moderate and severe vs none), used dichotomously. Pack years showed a skewed distribution
and was therefore log transformed to limit the influence of extreme values.

Effect modification by gender and smoking status was considered. The interaction between
gender, FEV1% and FVC% was statistically significant (p=0.02), even among never-smokers
(p=0.003); therefore, the results were stratified by gender. There was no interaction with
smoking status (p=0.54). P-values a<0.05 were considered significant. All analyses were
performed using SAS software version 9.4.

The mean age of the 2585 participants with valid spirometry and ECG data was 69 years,
47% were male, and the race/ethnic distribution was 37% White, 26% African-American,
22% Hispanic and 15% Asian (Table 1). 102 participants had a prolonged QTc- 66 men and
36 women. Of 218 (12%) participants classified as having COPD, 11 had severe COPD, 86
had moderate COPD, and 121 had mild COPD.

Lung Function and QT duration

There was a significant inverse association between FEV1% and QTc duration, among men
(Figure 1). For a 5-percentage point lower FEV1% predicted, there was a 0.56msec longer
QTc (95%Cl: 0.23 to 0.88msec; p=0.001). Comparing the lowest quintile of FEV1% to the
highest quintile showed an average of a 5.6msec longer QTc duration (95%Cl: 1.3 to
9.9msec; p=0.01) (Figure 2A).

FVC was also significantly associated with QTc duration among men: for a 5-percentage
lower FVC% predicted, there was a 0.63msec longer QTc (95%CI: 0.23 to 1.03msec,
p=0.002). The lowest FVC% quintile compared to the highest gave an average of a 5.0msec
longer QTc (95%CIl: 0.54 to 9.4msec; p=0.03) (Figure 2B).

FEV1/FVC% predicted was also inversely associated with QTc in men (Figure 2C). For a 5-
percentage lower FEV1/FVC% predicted there was a 0.46msec longer QTc (95%Cl: —0.05
to 0.96msec, p=0.08). Interestingly, among women, we did not detect a significant
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association between any lung function measure and QTc duration (Figures 2D, 2E and 2F).
The results for lung function in liters and FEV1/FVC ratio are given in Table 2.

Table 3 shows the odds ratios for prolonged QTc per unit decrement in lung function. For
men, lower lung function measures were significantly associated with higher odds of QTc
prolongation, but in women only FEV1/FVC% was significantly associated with higher odds
of prolonged QTc. Results for lung function in liters are in given in e-Table 1.

COPD and QT duration

There was no interaction between gender and COPD status on QTc; therefore analyses of
COPD were not stratified by gender. There was also no association between COPD severity
and continuous QTc. However, having Any COPD vs. No COPD was associated with
prolonged QTc (OR=1.84; 95%CI: 0.94 to 3.62, p-value=0.08). COPD severity categories
showed an association with QTc prolongation, after adjustment, only with Severe COPD
(Mild COPD vs. No COPD OR=1.92; 95%Cl: 0.81 to 4.55, p-value=0.14; Moderate COPD
vs. No COPD OR=1.65; 95%CI: 0.55 to 4.94, p-value=0.37; Severe COPD vs. No COPD
OR=5.19; 95%Cl: 0.97 to 27.79, p-value=0.06).

Emphysema and QT duration

There was no evidence for an interaction with gender and emphysema on CT so it was not
stratified. There were 263 participants above and 2540 below the ULN. Emphysema on CT
was significantly associated with decreased QTc duration (-2.8msec 95%Cl: -5.4 to
-0.29msec, p-value=0.03), but there was no evidence that it was associated with prolonged
QTec.

Sensitivity Analysis

To determine whether the association between pulmonary function and QTc was present in
the general population and not only in those with COPD, we removed those with any COPD
from analysis. The associations with QTc were as follows for a 5-percentage lower lung
function in men: FEV1%: 0.35msec (95%CI: —0.15 to 0.85msec, p-value= 0.17); FVC%:
0.38msec (95%Cl: —0.14 to 0.90msec, p-value=0.15); FEV1/FVC%: 0.09msec (95%CI:
-0.87 to 1.05msec, p-value=0.85). The results in liters are given in the Supplement.

DISCUSSION

In a large population-based cohort free of cardiovascular disease at baseline, worse lung
function in men measured using spirometry is inversely associated with QTc duration and
directly with QTc prolongation. Men with lower values of FEV1%, FVC% and FEV1/FVC%
were significantly more likely to have a longer QTc duration and a clinically defined
prolonged QTc.. In contrast, emphysema on CT was not associated with QT prolongation.

For both genders, while there was no significant graded association between COPD severity
categories and QTc, QTc was prolonged in participants with severe COPD and in those with
Any COPD vs. No COPD. The absence of an association of graded severity of COPD with
QTc is not new, as this is seen in previous studies assessing autonomic dysfunction in

Respir Med. Author manuscript; available in PMC 2018 February 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Armstrong et al.

Page 7

patients with COPD32:33, Tug et al. assessed the relationship between the frequency of
autonomic dysfunction in mild and moderate-severe COPD groups. Although it was found
that dysfunction was predominant in COPD, the frequencies of autonomic parasympathetic
and sympathetic dysfunction did not increase with the severity of COPD32. An additional
study of 243 patients with COPD found that although ECG abnormalities increased with
disease severity, it was not significant33,

The association of reduced lung volumes with cardiovascular disease has been widely
recognized but predominantly studied in regards to severe COPD patients®34-38, Much like
our study, except in a small population of only patients with COPD, a study assessing the
frequency of autonomic dysfunction found that those with lower lung function had
significantly more autonomic dysfunction32. Studies involving mild to moderate COPD
patients are typically limited to small sample sizes, do not control for confounders or have
no direct pulmonary function measures®32:33, Our large-scale study had spirometry, and
includes possible confounders, such as QT prolonging medications, comorbidities such as
diabetes, and is a sample of the general population. Our results suggest that the association
of reduced lung function with autonomic dysfunction extends to those with only slight lung
impairment. Although associations of lung function measures with QTc were not significant
in our sensitivity analysis that excluded participants with COPD, that analysis was likely
underpowered as evidenced by the increase in confidence intervals and that the effect
estimates were consistent.

Loss of elastic tissue, from factors such as cigarette smoking, increases resistance to airflow,
thereby increasing intrathoracic pressure. These pressure changes can also affect the
sympathetic drive; and while the exact mechanism is unknown, prolongation of the QT
interval is thought to be due to an imbalance in the sympathetic drivel332, However, this
increase in pressure is unlikely to explain the association between reduced lung function and
QT prolongation seen in our study of the general population. We observed unexpected
results for the association between emphysema and QTc duration. As the rest of our analysis
is consistent, this is most likely due to chance.

It was interesting to note the gender differences seen in this study. While there were more
former and current smokers among men, when we looked at never smokers, there was a
significant interaction of gender with FEV1% on QTc. It has been documented that the QT
interval tends to be longer in women than men3°, which was also seen in this study as
women had an average QTc of 429(19) msec while men had an average of 417(21) msec.
After puberty, in men there is a 20 msec drop in QTc values, whereas QTc values of women
remain stable%. What is intriguing in our study is the fact that only in men did the linear
association with QTc interval increase with a decrease in pulmonary function. Further
studies are warranted to determine the mechanism behind the gender difference between
QTc duration and lung function.

Limitations of this study include its cross-sectional analysis with concurrent assessment of
both exposure and outcome, limiting the temporal associations. Additionally, some
participants were missing post-bronchodilator measures. Although the continuous
pulmonary function measures were significantly associated with QTc and some association
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was seen with the severity of COPD, the categories of COPD severity were not statistically
significant after adjustment.

While measurements were taken at only one follow-up visit, the study’s sample was large
and a substantial majority of the subjects had pre and post bronchodilator values for the
determination of COPD and follow the GOLD criteria for classification. This population-
based sample is ethnically diverse and free of cardiovascular disease at baseline.
Additionally, participants were not selected based on the presence or absence of lung
disease, allowing wide variation in lung function.

In conclusion, this study demonstrated an association among men in the general population
between lower FEV1% and FVC% and longer QT duration. Low lung function may be a risk
factor for longer QT in the general male population, even in those without lung disease.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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. 2585 participants in the Multi-Ethnic Study of Atherosclerosis (MESA) Lung

. There was an inverse association between FEV1%, FVC%, FEV1/FVC%,

. Our analysis revealed a significant association between lower lung function

Highlights

Study with spirometry, full-lung CT scans, and ECGs were analyzed.
Multivariate regression models were used to examine the cross-sectional
association between pulmonary measures and QT¢.

emphysema, QTc duration and prolonged QTc. Gender was a significant
interaction term, even among never smokers. Having severe COPD was also
associated with QTc prolongation.

and longer QTc in men but not in women in a population-based sample. Our
findings suggest the possibility of gender differences in the risk of QTc-
associated arrhythmias in a population-based sample.
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Figure 1.

Adjusted Plot for Women and Men with 95% Confidence Intervals.
Models were adjusted for: age, sex, race, education, smoking status, pack-years,
hypertension, diabetes, weight, height, and QT altering medications.
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Figure 2.

Predicted Values for Mean Difference in QT According to Quintiles of Percent Predicted

Lung Function

Panels A-C: Quintiles of FEV1%, FVC% and FEV1/FVC% for Men.

Panels D-F: Quintiles of FEV1%, FVC% and FEV1/FVC% for Women.

Linear regression adjusted for: age (in years), gender, race/ethnicity, smoking status, pack
years, hypertension, diabetes, education, weight (in pounds), height (in centimeters), and QT

altering medications
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Baseline characteristics of the participants, stratified by gender

Total Women Men

Participants n 2585 1371 1214
Age, mean (SD), years 69 (9) 69 (9) 69 (9)
Body mass index, mean (SD), k/m? 28.1(5.4) 28.5(6.1) 27.7 (4.4)
Race/ethnicity:

White, No. (%) 966 (37) 502 (37) 464 (38)

African-American, No. (%) 669 (26) 376 (27) 293 (24)

Hispanic, No. (%) 560 (22) 302 (22) 258 (21)

Asian, No. (%) 390 (15) 191 (14) 199 (16)
Educational attainment:

No high school degree, No. (%) 348 (14) 198 (14) 150 (12)

High school degree, No. (%) 448 (17) 278 (20) 170 (14)

Some college, No. (%) 735 (28) 418 (31) 317 (26)

College degree, No. (%) 494 (19) 240 (18) 254 (21)

Graduate degree or more, No. (%) 555 (22) 235 (17) 320 (26)
Cigarette smoking status:

Never-smokers, No. (%) 1227 (48) 780 (57) 447 (37)

Former smokers, No. (%) 1118 (43) 491 (36) 627 (52)

Current smokers, No. (%) 240 (9) 100 (7) 140 (12)
Smoking history pack-years”, median (IQR) 14(3-32) 12 (3-30) 15(3-33)
Hypertension, No. (%) 1541 (60) 854 (62) 687 (27)
Diabetes, No. (%) 476 (18) 253 (19) 223 (18)
Post-bronchodilator spirometry:

FEV1% predicted, mean (SD) 97 (19) 97 (20) 96 (18)

FVC% predicted, mean (SD) 99 (16) 100 (17) 99 (15)

FEV1/FVC% predicted, mean (SD) 98 (11) 98 (11) 97 (12)
Any COPD, No. (%) 218 (10) 88 (8) 130 (13)
Mild COPD, No. (%) 121 (6) 44 (4) 77 (8)
Moderate COPD, No. (%) 86 (4) 39 (4) 47 (5)
Severe COPD, No. (%) 11(1) 5(1) 6 (1)

Percentage emphysema, median (IQR) *
Emphysema ULN, No. (%) *

QTc interval msec, mean (SD)
Prolonged QTc, No. (%)

Heart rate beats/min, mean (SD)

154 (0.63103.23) 0.92 (0.44102.01) 2.45 (1.18 to 4.76)

263 (9) 159 (11) 104 (8)
423 (21) 429 (19) 417 (21)
102 (4%) 36 (3%) 66 (5%)

61 (9) 62 (9) 60 (9)

#
among ever-smokers

*
There are 2803 participants with emphysema measures
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Table 2

Mean Change in QTc Fram per decrease in lung function

Variable Men p-value Women p-value
FEV; (L) 3.7msec (1.35t0 5.97) 0.002 0.33msec (—2.50 to 3.16) 0.82
FVC (L) 3.3msec (1.21 t0 5.37) 0.002 —0.13msec (-2.66 to 2.41) 0.92

FEV,/FVC  12.0msec (-1.65 to 25.68) 0.09 0.56msec (-13.52 to 12.39) 0.93

All models are per 1-unit decrease.

Models were adjusted for: age, sex, race, education, smoking status, pack-years, hypertension, diabetes, weight, height, and QT altering
medications.
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Table 3
Prolonged QTc and lung function
Variable Odds ratio for prolonged QTc per 5-percentage point decrease in  p-value
percent predicted lung function

(95% ClI)

Men
FEV,% 1.10 (1.02 to 1.18) 0.01
FVC% 1.10 (1.01to0 1.21) 0.04
FEV,/FVC % 1.11 (1.00 to 1.24) 0.05

Women

FEV,% 1.08 (0.99 to 1.18) 0.09
FVC% 1.03 (0.92 to 1.15) 0.61
FEV,/FVC% 1.17 (1.02 to 1.34) 0.03

Prolonged QTc is defined as QTc Fram values of 2460 ms in women and =450 ms in men.

All models are per 5-percentage-point decrease.

Models were adjusted for: age, sex, race, education, smoking status, pack-years, hypertension, diabetes, weight, height, and QT altering

medications.
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