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Abstract
BACKGROUND—Very severe chronic obstructive pulmonary disease causes cor pulmonale
with elevated pulmonary vascular resistance and secondary reductions in left ventricular filling,
stroke volume, and cardiac output. We hypothesized that emphysema, as detected on computed
tomography (CT), and airflow obstruction are inversely related to left ventricular end-diastolic
volume, stroke volume, and cardiac output among persons without very severe lung disease.

METHODS—We measured left ventricular structure and function with the use of magnetic
resonance imaging in 2816 persons who were 45 to 84 years of age. The extent of emphysema
(expressed as percent emphysema) was defined as the percentage of voxels below −910
Hounsfield units in the lung windows on cardiac computed tomographic scans. Spirometry was
performed according to American Thoracic Society guidelines. Generalized additive models were
used to test for threshold effects.

RESULTS—Of the study participants, 13% were current smokers, 38% were former smokers,
and 49% had never smoked. A 10-point increase in percent emphysema was linearly related to
reductions in left ventricular end-diastolic volume (−4.1 ml; 95% confidence interval [CI], −3.3 to
−4.9; P<0.001), stroke volume (−2.7 ml; 95% CI, −2.2 to −3.3; P<0.001), and cardiac output
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(−0.19 liters per minute; 95% CI, −0.14 to −0.23; P<0.001). These associations were of greater
magnitude among current smokers than among former smokers and those who had never smoked.
The extent of airflow obstruction was similarly associated with left ventricular structure and
function, and smoking status had similar modifying effects on these associations. Percent
emphysema and airflow obstruction were not associated with the left ventricular ejection fraction.

CONCLUSIONS—In a population-based study, a greater extent of emphysema on CT scanning
and more severe airflow obstruction were linearly related to impaired left ventricular filling,
reduced stroke volume, and lower cardiac output without changes in the ejection fraction.

Chronic obstructive pulmonary disease (COPD), defined as airflow obstruction that is not
fully reversible,1 is currently the fourth leading cause of death in the United States.2 COPD
overlaps partially with emphysema, which is characterized by the destruction of alveolar
walls and the permanent enlargement of air spaces distal to the terminal bronchioles.1,3

Cor pulmonale, which can occur in very severe COPD, is characterized by elevated
pulmonary vascular resistance and right heart failure, with associated reductions in left
ventricular filling, left ventricular stroke volume, and cardiac output, although left
ventricular ejection fraction is generally preserved.4-7 This disorder may occur as a result of
various mechanisms, including loss of pulmonary vascular capacity due to parenchymal
destruction,8 hypoxic pulmonary arterial vasoconstriction,9 and pulmonary hyperinflation
with elevated intrathoracic pressure.10 Whether similar changes occur in milder chronic lung
disease, however, remains unknown.

We therefore examined the relationships between the extent of emphysema (as measured
quantitatively on computed tomography [CT]) and of airflow obstruction (as measured on
spirometry) and cardiac structure and function (as measured on magnetic resonance imaging
[MRI]) in a large, population-based cohort. We hypothesized that a greater extent of CT-
defined emphysema and more severe airflow obstruction would be associated with
decrements in left ventricular end-diastolic volume, left ventricular stroke volume, and
cardiac output; that these relationships would be linear across a spectrum from normal lung
structure and function to severe emphysema and airflow obstruction; and that the magnitude
of the associations would be modified by smoking status.

METHODS
STUDY PARTICIPANTS

The Multi-Ethnic Study of Atherosclerosis (MESA) is a multicenter, prospective cohort
study of the prevalence, correlates, and progression of subclinical cardiovascular disease in
whites, blacks, Hispanics, and Asians without clinical cardiovascular disease.11 Between
2000 and 2002, MESA recruited 6814 men and women 45 to 84 years of age from six U.S.
communities: Forsyth County, North Carolina; New York City; Baltimore; St. Paul,
Minnesota; Chicago; and Los Angeles. Exclusion criteria were clinical cardiovascular
disease, weight exceeding 136 kg (300 lb), pregnancy, and impediments to long-term
participation. Written informed consent was obtained from all participants.

The MESA Lung Study enrolled MESA participants who were sampled from those who
underwent baseline measurements of endothelial function, consented to genetic analyses,
and underwent an examination during the MESA Lung Study recruitment period between
2004 and 2006 (see Fig. 1 in the Supplementary Appendix, available with the full text of this
article at NEJM.org). Asians were oversampled. We excluded participants who had a
restrictive pattern on spirometry — defined here as a forced vital capacity (FVC) below the
lower limit of normal12 with a ratio of forced expiratory volume in 1 second (FEV1) to FVC
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above 0.70 — in order to exclude participants with a mixed ventilatory defect and because
our primary hypothesis was related to obstructive lung disease.

STUDY OVERSIGHT
MESA and the MESA Lung Study were funded by the National Heart, Lung, and Blood
Institute (NHLBI). The MESA Lung Study was designed by the study investigators. The
protocols were approved by the institutional review boards of all collaborating institutions
and by the NHLBI. The authors, together with other MESA investigators, collected and
analyzed the data, vouch for the data and analysis, and wrote and submitted the manuscript
for publication. NHLBI staff monitored study performance routinely and participated in the
internal review of the manuscript before submission.

MEASUREMENTS OF LEFT VENTRICULAR STRUCTURE AND FUNCTION
Participants underwent cardiac MRI between 2000 and 2002. The protocol, its reliability,
and the characteristics of MESA participants with and without MRI measurements have
been described previously.13,14 All imaging was performed on 1.5-T magnets with a four-
element, phased-array surface coil positioned anteriorly and posteriorly and with
electrocardiographic gating. Imaging consisted of fast gradient-echo cine images of the left
ventricle, with a temporal resolution of 50 msec or less. Left ventricular volumes and mass
were determined by the summation-of-disks method.15,16 Imaging data were read with the
use of MASS software, version 4.2 (Medis), at a single reading center by trained readers
with no knowledge of other information about the participants. Cardiac output was
calculated as the left ventricular stroke volume (i.e., end-diastolic volume minus end-
systolic volume) times the heart rate. The left ventricular ejection fraction was calculated as
the stroke volume divided by the end-diastolic volume.

ASSESSMENT OF EMPHYSEMA
The extent of emphysema was measured quantitatively on the lung fields of cardiac CT
scans, which included approximately 70% of the lung volume from the carina to the lung
bases. Cardiac CT scans were obtained at full inspiration on multi-detector and electron-
beam CT scanners between 2000 and 2002 according to a standardized protocol.17 Two
scans were obtained for each participant, and the scan with the greater volume of lung air
was used for analyses, except in cases of discordant scan quality, when the higher-quality
scan was analyzed.18

Image attenuation was assessed with the use of a modified version of the Pulmonary
Analysis Software Suite19-22 at a single reading center by trained readers without knowledge
of other information about the study participants. Attenuation of air outside the chest was
measured on all scans to confirm scanner calibration at −1000 Hounsfield units. The
percentage of lung volume with emphysematous features (hereafter referred to as percent
emphysema) was defined as the percentage of the total voxels in the lung that showed
attenuation of less than −910 Hounsfield units. This threshold was chosen on the basis of
quantitative histologic comparisons23 and the generally mild degree of emphysema in the
study. Emphysema measurements from the cardiac scans correlated closely with those from
full-lung scans in the same study participants.18

SPIROMETRY
Spirometric assessments were conducted between 2004 and 2006 in accordance with the
American Thoracic Society–European Respiratory Society guidelines.24 All study
participants performed at least three acceptable maneuvers on a dry rolling seal spirometer
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with automated quality checks (Occupational Marketing). All spirometric examinations
were reviewed by a single investigator, and each test was graded for quality.25

SMOKING STATUS AND OTHER COVARIATES
Age, sex, race or ethnic group, educational level, number of pack-years of smoking, medical
history, and level of physical activity26 were self-reported. Height, weight, resting blood
pressure, serum glucose level, C-reactive protein level, and fibrinogen level were measured
with the use of standard techniques.27 Study participants who reported having smoked at
least 1 cigarette in the 30 days before the CT examination or who had a urinary cotinine
level greater than 100 ng per milliliter on the day of the CT examination were classified as
current smokers. Participants with a lifetime smoking history of fewer than 100 cigarettes, a
urinary cotinine level of 100 ng per milliliter or less on the day of the CT examination, and a
report of “never smoking” on multiple examinations were classified as never having
smoked.

STATISTICAL ANALYSIS
Initial analyses in generalized additive models involved the regression of left ventricular
volumes, cardiac output, ejection fraction, and mass on percent emphysema and the
FEV1:FVC ratio after adjustment for age, sex, race or ethnic group, and body-surface area.
A priori, effect modification of the relationships of the pulmonary measures to left
ventricular end-diastolic volume and stroke volume according to smoking status was
anticipated. The presence of such effect modification was tested with the −2 log-likelihood
test of nested models with and without interaction terms.

Multivariate models were adjusted for the following additional potential confounders:
number of pack-years of smoking, urinary cotinine level, educational level, presence or
absence of diabetes mellitus, fasting blood glucose level, presence or absence of
hypertension, systolic and diastolic blood pressure, C-reactive protein level, and fibrinogen
level. Analyses of percent emphysema were further adjusted for body-mass index, CT
scanner type, and tube current in milliamperes, all of which affect attenuation. Lung-
function analyses were further adjusted for height, since lung function is correlated with
height. Age, number of pack-years of smoking, and other continuous variables that were
potential confounders were fit with locally weighted scatterplot smoothing (LOWESS)
functions to minimize model misspecification.

The tests of the primary hypothesis, 95% confidence intervals, and P values were estimated
from generalized additive models. A P value of less than 0.05 was considered to indicate
statistical significance. Analyses were performed with the use of R statistical software,
version 2.6 (R Foundation for Statistical Computing, Vienna).

RESULTS
STUDY PARTICIPANTS

Of the 6814 MESA participants, 3965 were enrolled in the MESA Lung Study. Of these,
322 were excluded because of restriction detected on spirometry, and 827 were excluded
because cardiac MRI measurements were not obtained (Fig. 1 in the Supplementary
Appendix). There were small differences between the remaining 2816 participants included
in the analyses and the 827 without MRI measurements, with respect to age, race or ethnic
group, body size, and smoking history (Table 1 in the Supplementary Appendix).

Among the participants included in the analysis, the mean age was 61 years, and 49% were
men (Table 1). Thirteen percent currently smoked cigarettes, 38% had smoked in the past,
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and 49% had never smoked. As compared with participants who had never smoked, those
who were current or former smokers were more likely to be men, to be white, to have a
lower educational level, and to have a greater body-surface area (Table 2 in the
Supplementary Appendix).

Mean spirometric measures were within the normal range, as were MRI measures of left
ventricular structure and function (Table 2). The median value for percent emphysema was
15%. Mean values for lung function and the left ventricular ejection fraction were lower and
left ventricular mass was greater among current smokers than among those who had never
smoked (Table 3 in the Supplementary Appendix).

EMPHYSEMA AND CARDIAC FUNCTION
Significant associations were found between percent emphysema and left ventricular
measures (Table 3). After multivariate adjustment, an increase of 10 percentage points in
percent emphysema was associated with a 4.1-ml decrement in left ventricular end-diastolic
volume, a 2.7-ml decrement in stroke volume, and a decrement of 0.19 liter per minute in
cardiac output. In contrast, there was no evidence of an association between percent
emphysema and the left ventricular ejection fraction.

Figure 1 shows the relationships of percent emphysema to left ventricular end-diastolic
volume and to stroke volume. These relationships were linear across the spectrum of lung
structure from normal to severe emphysema, without evidence of a threshold effect.

Smoking status modified the associations of percent emphysema with left ventricular end-
diastolic volume (P<0.001 for interaction) and stroke volume (P = 0.008 for interaction).
The magnitude of the associations was greater among current smokers than among former
smokers and among former smokers than among study participants who had never smoked
(Table 4 in the Supplementary Appendix). For example, an increase of 10 percentage points
in percent emphysema was associated with a 9.2-ml decrement in left ventricular end-
diastolic volume in current smokers, a 4.2-ml decrement in former smokers, and a 2.6-ml
decrement in those who had never smoked. The results were similar for the relationship of
percent emphysema to stroke volume and to cardiac output. These relationships were linear
among current smokers, former smokers, and those who had never smoked (Fig. 2 in the
Supplementary Appendix). Effect modification by pack-years of smoking was similar to that
by smoking status.

AIRFLOW OBSTRUCTION AND CARDIAC FUNCTION
Significant associations were also observed between the FEV1:FVC ratio and left ventricular
measures (Table 4). In fully adjusted analyses, a decrease of 10 percentage points in the
FEV1:FVC ratio was associated with decrements of 1.7 ml in left ventricular end-diastolic
volume, 1.5 ml in stroke volume, and 0.10 liters per minute in cardiac output. There was no
significant association between the FEV1:FVC ratio and left ventricular ejection fraction.

Figure 2 shows the relationship of the FEV1:FVC ratio to left ventricular end-diastolic
volume and to stroke volume. The relationship of the FEV1: FVC ratio to left ventricular
end-diastolic volume was nonlinear, whereas the relationship to stroke volume was linear
across the spectrum of lung function from normal to moderately severe airflow obstruction.

Smoking status modified the associations of the FEV1:FVC ratio with left ventricular end-
diastolic volume (P = 0.002 for interaction) and stroke volume (P=0.02 for interaction), in
that there were stronger associations among current smokers than among former smokers,
but there was no evidence of associations among study participants who had never smoked
(Table 5 in the Supplementary Appendix). Relationships for both left ventricular end-

Barr et al. Page 5

N Engl J Med. Author manuscript; available in PMC 2010 June 18.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



diastolic volume and stroke volume were linear among current smokers and former smokers
(Fig. 3 in the Supplementary Appendix). Effect modification by pack-years of smoking was
similar to that by smoking status.

A similar pattern of relationships with left ventricular measures was observed for FEV1
(Table 6 in the Supplementary Appendix), although effect modification by smoking status
was not significant. FVC was not modified by smoking status and was associated with left
ventricular end-diastolic volume (P = 0.005), end-systolic volume (P=0.02), and stroke
volume (P=0.03) but not with cardiac output (P = 0.15).

ADDITIONAL ANALYSES
There was no evidence of effect modification by sex, race or ethnic group, Medical
Research Council–defined chronic bronchitis, or obesity, and analyses were not sensitive to
additional adjustments for left ventricular end-systolic volume, left ventricular mass, sleep-
disordered breathing, and physical activity. Associations between percent emphysema and
left ventricular measures were similar when percent emphysema was defined at a threshold
of −950 Hounsfield units and when the threshold was corrected for variation in attenuation
of air outside the body or inside the trachea. (See Tables 7, 8, and 9 in the Supplementary
Appendix.)

DISCUSSION
A greater extent of emphysema as measured by CT and greater airflow obstruction as
measured by spirometry were associated with smaller left ventricular end-diastolic volumes
and concomitant reductions in stroke volume and cardiac output in this large, population-
based cohort that was free of clinical cardiovascular disease. Relationships were linear
across a spectrum from normal lung structure and function to moderately severe airflow
obstruction and emphysema. In contrast, the left ventricular ejection fraction was preserved.
These findings indicate that subclinical hemodynamic changes occur with mild emphysema
and airflow obstruction.

The apparent effect of emphysema on left ventricular end-diastolic volume and cardiac
output was similar to that of traditional cardiac risk factors previously reported in MESA
and, among smokers, was greater than that of traditional cardiac risk factors.14 For
comparison, a 1-SD change in systolic blood pressure of 21 mm Hg was associated with a
change of 4.3 ml in left ventricular end-diastolic volume and a change of 0.26 liters per
minute in cardiac output.

The effects of COPD and emphysema on the heart have long been recognized but have been
studied principally in very severe COPD.28-36 Clinical data on pulmonary hypertension in
milder lung disease are limited owing to the invasiveness of the usual reference measure —
that is, right heart catheterization. The one study involving patients with mild-to-moderate
COPD that used right heart catheterization showed increases in pulmonary-artery pressure
with exercise.37 Anatomical studies show proliferation of smooth-muscle cells in pulmonary
arteries from patients with mild-to-moderate COPD38,39 and from smokers without COPD,
40 which suggests subclinical increases in pulmonary vascular resistance in patients with
mild-to-moderate COPD and in smokers without spirometrically defined COPD. Consistent
with our results were those of a small case–control study, which showed reductions in left
ventricular end-diastolic volume and stroke volume on MRI in 25 patients who had
moderate COPD without clinically significant hypoxemia (defined as a partial pressure of
oxygen in arterial blood of less than 60 mm Hg), as compared with controls.41
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Mechanisms of impaired left ventricular filling in very severe COPD include alveolar
hypoxia and related pulmonary vascular changes, pulmonary hyperinflation, and ventricular
interdependence. Alveolar hypoxia causes pulmonary-artery vasoconstriction and vascular
remodeling,9 with increased pulmonary vascular resistance and impaired left ventricular
filling. Its relevance in milder disease, however, is unclear, since alveolar hypoxia does not
account for changes in the transit time of pulmonary blood flow observed in patients with
mild-to-moderate COPD.42 Hyperinflation in very severe COPD can cause intrathoracic
pressure to exceed venous pressure, with reductions in the blood volumes of both ventricles.
10 The effect of hyperinflation on hemodynamics, however, is debated,43 and the absence of
an association between the severity of airflow obstruction and left ventricular filling in study
participants who had never smoked suggests that our findings with respect to emphysema
were not simply due to hyperinflation. Ventricular interdependence can impair left
ventricular filling in patients with severe COPD44,45 and pulmonary arterial hypertension46

but is of unclear relevance to this generally healthy cohort in which we observed
inconsistent relationships with left ventricular end-systolic volume.

A more likely mechanism in early, mild emphysema may be the subclinical loss of lung
parenchyma and the pulmonary capillary bed.8 Since the pulmonary circulation is a low-
pressure but high-flow system, relatively modest reductions in the pulmonary capillary
cross-sectional area may result in substantially limited flow with only small increases in
pulmonary-artery pressure. Studies of the pathogenesis of emphysema suggest that smoking
causes apoptosis of the pulmonary endothelium47-49 and endothelial dysfunction,50 which
may simultaneously decrease pulmonary vascular cross-sectional area and capacitance,
increase pulmonary vascular resistance, and lead to emphysema. This endothelial hypothesis
of emphysema is relevant to our findings in this cohort of patients who had relatively mild,
mostly subclinical emphysema and is consistent with the stronger associations that we
observed among smokers than among former smokers or those who had never smoked.

Although smoking itself may cause subclinical changes in left ventricular function,51 it is
probably not a confounder of the observed associations for several reasons. First, the results
of multivariate analyses changed little before and after the adjustment for multiple measures
of smoking (data not shown). Second, it is not likely that current smokers were
misclassified, since this status was confirmed by means of urinary cotinine levels. Third, the
number of pack-years of smoking was not associated with left ventricular measures14 and
was therefore not likely to have confounded the observed associations even if we had not
adjusted for it. Finally, the association of percent emphysema with left ventricular measures
was also observed among the study participants who had never smoked.

One limitation of our study is that percent emphysema was measured on partial-lung rather
than full-lung CT scans. However, we have previously found the percent emphysema on
MESA cardiac scans to be valid as compared with full-lung measures.18 The use of cardiac
scans limited the assessment of apical emphysema; however, pulmonary blood flow in both
the upright and supine positions is greatest in the lower and central regions of the lung,
which were included in the cardiac-scan field of view.52,53 Lung function was assessed
approximately 4 years after the other measures; however, the expected mean change in the
FEV1:FVC ratio over a period of 4 years in a population-based study such as MESA is small
(approximately 1%54) relative to the standard deviation of the FEV1:FVC ratio (9%).
Therefore, misclassification due to the 4-year interval is unlikely to explain the observed
associations.

Cross-sectional studies are potentially subject to reverse causality and selection bias.
Cardiogenic pulmonary edema can occasionally cause bronchial hyperresponsiveness (i.e.,
“cardiac asthma”)55; however, pulmonary edema typically results in a restrictive pattern on
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spirometry56,57 and increased attenuation on CT images, decreasing rather than increasing
the percent emphysema. Selection bias is also not likely to explain the observed results,
since the study was population-based, participants were not selected on the basis of the
presence or absence of lung disease, the effect estimates were relatively large, and
sensitivity analyses that were weighted according to the probability of undergoing the MRI
examination yielded consistent results. Finally, direct measures of pulmonary-artery
pressures, right ventricular and left atrial volumes, and alveolar hypoxia were not available
in the current study. Measures of pulmonary pressures, however, are impractical in a study
of this size. Findings from much smaller studies with right ventricular and left atrial volumes
are consistent with our results.41,45 Hypoxia may be in the causal pathway between
emphysema and left ventricular filling and therefore should not confound the observed
results.

In conclusion, in this population-based study of subjects without very severe COPD, percent
emphysema and the severity of airflow obstruction were associated with significant
decrements in left ventricular filling and cardiac output. The magnitude of these associations
was greater among participants with a history of smoking, but the associations with percent
emphysema were also present among participants who had never smoked.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Relationship between Percent Emphysema and Left Ventricular (LV) End-Diastolic
and Stroke Volumes
Results of multivariate analyses of the relationship between percent emphysema and left
ventricular end-diastolic volume (Panel A) and stroke volume (Panel B) are shown. Solid
lines indicate smoothed regression lines adjusted for age, race or ethnic group, sex, body-
surface area, number of pack-years of smoking, urinary cotinine level, educational level,
presence or absence of diabetes mellitus, fasting plasma glucose level, body-mass index,
presence or absence of hypertension, systolic and diastolic blood pressure, C-reactive
protein level, fibrinogen level, CT scanner type, and tube current in milliamperes. Dashed
lines indicate 95% confidence intervals. Dots represent predicted plus residual values. The
smoothing functions did not improve the model fit as compared with linear terms for LV
end-diastolic volume or LV stroke volume, which implies that thresholds in the relationship
of percent emphysema to LV end-diastolic volume and to stroke volume could not be
demonstrated.
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Figure 2. Relationship between the Ratio of Forced Expiratory Volume in 1 Second to Forced
Vital Capacity and Left Ventricular (LV) End-Diastolic and Stroke Volumes
Results of multivariate analyses of the relationship between the ratio of forced expiratory
volume in 1 second to forced vital capacity (FEV1:FVC) and left ventricular end-diastolic
volume (Panel A) and stroke volume (Panel B) are shown. Solid lines indicate smoothed
regression lines adjusted for age, race or ethnic group, sex, body-surface area, number of
pack-years of smoking, urinary cotinine level, educational level, height, presence or absence
of diabetes mellitus, fasting plasma glucose level, presence or absence of hypertension,
systolic and diastolic blood pressure, C-reactive protein level, and fibrinogen level. Dashed
lines indicate 95% confidence intervals. Dots represent predicted plus residual values. The
smoothing function improved the model fit as compared with the linear term for LV end-
diastolic volume (P = 0.003) but not for LV stroke volume. Differences in smoking status
accounted for this nonlinearity (Fig. 3 in the Supplementary Appendix).
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Table 1

Baseline Characteristics of Study Participants Included in the Analysis.*

Characteristic Study Participants (N = 2816)

Age — yr 61±10

Male sex — no. (%) 1383 (49)

Race or ethnic group — no. (%)†

 White 1005 (36)

 Black 701 (25)

 Hispanic 616 (22)

 Asian 494 (18)

Educational level — no. (%)

 No high-school degree 440 (16)

 High-school degree 505 (18)

 Some college 762 (27)

 College degree 534 (19)

 Higher than bachelor’s degree 575 (20)

Height — cm 166±10

Body-surface area — m2 1.84±0.22

Body-mass index† 27.4±4.8

Cigarette-smoking status — no. (%)

 Never smoked 1379 (49)

 Former smoker 1067 (38)

 Current smoker 370 (13)

Pack-years of smoking among current or former smokers — no.

 Median 17

 Interquartile range 6–35

Hypertension — no. (%) 1001 (36)

Blood pressure — mm Hg

 Systolic 124±20

 Diastolic 72±10

Diabetes mellitus — no. (%) 249 (9)

Fasting plasma glucose — mg/dl§

 Median 96

 Interquartile range 89–104

C-reactive protein — mg/liter

 Median 1.6

 Interquartile range 0.7–3.8

Fibrinogen — mg/dl

 Median 332
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Characteristic Study Participants (N = 2816)

 Interquartile range 292–382

Family history of emphysema — no. (%) 120 (4)

Asthma before age of 45 yr — no. (%) 202 (7)

MRC-defined chronic bronchitis — no. (%)¶ 221 (8)

Obstructive sleep apnea — no. (%) 79 (3)

Self-reported COPD, emphysema, or chronic bronchitis — no. (%) 205 (7)

*
Plus–minus values are means ±SD. COPD denotes chronic obstructive pulmonary disease, and MRC Medical Research Council.

†
Race or ethnic group was self-reported.

‡
The body-mass index is the weight in kilograms divided by the square of the height in meters.

§
To convert the values for glucose to millimoles per liter, multiply by 0.05551.

¶
The Medical Research Council’s definition of chronic bronchitis is a cough productive of phlegm on most days for at least 3 months in at least 2

consecutive years.3
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Table 2

Percent Emphysema on CT, Lung Function, and Left Ventricular Structure and Function.*

Variable Study Participants (N = 2816)

Percent emphysema — median (IQR) 15 (7.8–24.9)

Lung function

 FEV1 — percent of predicted† 96.2±17.1

 FVC — percent of predicted† 98.3±14.6

 FEV1:FVC ratio — %‡ 74.6±8.6

Left ventricular measures

 End-diastolic volume — ml 126.7±31.4

 End-systolic volume — ml 39.7±16.7

 Stroke volume — ml 87.0±19.8

 Stroke volume index§ 41.7±7.2

 Cardiac output — liter/min 5.7±1.5

 Cardiac index§ 2.6±0.3

 Ejection fraction — % 69.3±7.2

 Mass — g 144.0±38.6

*
Plus–minus values are means ±SD. FEV1 denotes forced expiratory volume in 1 second, FVC forced vital capacity, and IQR interquartile range.

†
Predicted values were calculated with the use of the National Health and Nutrition Examination Survey III reference equations for whites, blacks,

and Hispanics, with a correction factor of 0.88 for Asians.12,25

‡
The FEV1:FVC ratio was calculated by dividing the FEV1 by the FVC and then multiplying by 100 to express as a percentage.

§
The stroke volume and cardiac output were indexed by dividing by body-surface area.
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