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Abstract

Introduction—Lung function is inversely associated with coronary heart disease (CHD) and
cardiovascular disease (CVD). We evaluated the prospective association of reduced lung function
by spirometry and CHD or CVD events in older community-dwelling adults.

Methods—We studied 1,548 participants (mean age 73.6+9.2 years, 42% males) from the
Rancho Bernardo Study using age, sex, and risk-factor adjusted Cox regression to assess
pulmonary function (FEV1, FVC, and FEV/FVC ratio) as a predictor of CHD and CVD events
followed for up to 22 years.

Results—Of CVD risk factors, older age, male sex, current/past smoking, physical exercise (<3x
a week), and prevalent CVD predicted an increased risk of CHD and CVD. Higher FEV1 and FVC
were each associated with a decreased risk of CHD [HR 0.80 (0.73-0.88) for both FEV; and FVC,
per SD, p<.01] and CVD [HR 0.82 (0.74-0.91) for both FEV and FVC, per SD, p<.01]. Those in
the lowest quartiles of FEV, and FVVC had hazard ratios of 1.68 (1.33-2.13) and 1.55 (1.21-2.00)
respectively for CHD and 1.74 (1.34-2.25) and 1.49 (1.13-1.96) respectively for CVD (all p<.01,
relative to those in the highest quartile). Similar findings were observed for CHD and CVD
mortality. Sex- and age-stratified analyses showed the strongest associations for CHD and CVVD
events in women and in the oldest participants.

Conclusions—FEV and FVC are inversely associated with risk of future CHD and CVD
events in older community-dwelling adults and may add to CVD risk stratification in the elderly.
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Introduction

Methods

In spite of the current evidence-based approaches to cardiovascular disease (CVD)
reduction, CVD and coronary heart disease (CHD) remain the leading cause of mortality in
many industrialized countries. Previous epidemiological studies have shown reduced lung
function is a significant predictor of CHD and CVD mortalityl-3, as well as with all-cause
mortality*-6. In one study of non-smokers, poor lung function was shown to be a better
predictor of CVD and total mortality than established cardiovascular risk factors such as
serum cholesterol’.

Chronic obstructive pulmonary disease (COPD) is the third leading cause of death and
affects 65 million worldwide, and the primary cause of COPD is tobacco smoke®. Its
predictive capacity for cardiovascular disease incidence and mortality has been well
documented in the past®11. Because spirometry is the usual prognostic tool for diagnosing
COPD and its severity, it serves as a common risk factor in evaluating the association of
lung function with CHD and CVD. As early as 1983, the Framingham Study identified FVC
as a prognostic indicator for CVD, in which different FVC indexes could vary the risk of
CVD death by a three- to four-fold range!. Reduced FEV; has also been shown to predict
cardiovascular morbidity and mortality in other studies®.

Our study evaluates the association of reduced lung function and CVD or CHD events
within the Rancho Bernardo prospective study of CVD, a well-established cohort of older
predominantly Caucasian adults. No study has been published on the association of lung
function and CVD in the Rancho Bernardo study cohort, and there are limited data on the
long-term prognostic significance of lung function in population-based cohorts of older
adults accounting for prevalent CVD.

Between 1972 and 1974, 6629 adults representing 82% of adult residents in Rancho
Bernardo, a suburban Southern California community, participated in the baseline
examination of the Rancho Bernardo Heart and Chronic Disease Study (RBS)12.
Nonrespondents tended to have more CVD and history of smoking, but less hyperlipidemia
and family history of CVD.13 Residents were followed up in 1984-87 when 2479
participants attended a follow-up visit, and again in 1988-91 when new data on
cardiovascular risk factors and pulmonary function (1988-91) were obtained. We studied
1548 participants from the Rancho Bernardo community-based cohort (mean age 73.6+9.2
years, 42% males, primarily Caucasian) to assess pulmonary risk factors associated with
CHD and CVD events. We also included demographic and diverse health-related
information including body mass index, blood pressure, cholesterol, diabetes, physical
exercise, smoking, and pulmonary function tests. Pulmonary function tests were performed
using a water-sealed spirometer (Warren E. Collins, Eagle models, Braintree, MA) by a
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specially trained graduate student (Catherine Frette) who adhered to the 1987 American
Thoracic Society guidelines'# and performed from three to six tests to satisfy the ATS
standards of acceptability and reproducibility. RBS participants were followed for a
maximum of 22 years after spirometry. All participants gave written informed consent; the
study was approved by the institutional review board of the University of California, San
Diego.

Chronic obstructive pulmonary disease (COPD) risk groups were categorized as none
(FEV1/FVC> 70%), mild (FEV1/FVC <70%, FEV1=80%), and moderate/severe
(FEV1/FVC <70%, FEV1<80%) according to the GOLD (Global Initiative for Chronic
Obstructive Pulmonary Disease) criteria. Moderate and severe categories were combined
due to the number of participants within these groups.

Prevalent CVD was defined as physician-diagnosed myocardial infarction, coronary artery
revascularization, congestive heart failure, stroke or transient ischemic attack, carotid
surgery, peripheral arterial surgery, or physician-diagnosed intermittent claudication. Total
(or incident) CHD and CVD refer to time of non-fatal or fatal CHD or CVD, whichever
occurred first. Non-fatal CHD was defined as heart attack, coronary bypass, or angioplasty,
while CVD additionally included stroke, TIA, and peripheral artery revascularization.
Classification of incident CHD and CVD events were based on history, physician diagnosis,
and/or ECG criteria with vital status confirmed by death certificates with underlying cause
of death coded by a certified nosologist using ICD-9. Validation of self-reported heart attack
(by chest pain, enzyme elevation, and ECG) was achieved for 72% of a subset for whom
hospital records could be obtained.

All analyses were done using SAS version 9.1.3 (SAS institute, Cary, NC). Analysis of
variance (ANOVA) was used to compare means between different COPD risk groups for
continuous variables, and chi-squared test of proportions was used to compare proportions
between the risk groups for categorical variables. We also calculated CHD and CVD
mortality per 1000 person years associated with quartile of FVC, FEV1, and ratio of FEV4/
FVC. Cox proportional hazards regression was used to determine the risk of total CHD or
CVD from the standard CVD risk factors: age, sex, systolic blood pressure, diastolic blood
pressure, body mass index, high density lipoprotein-cholesterol (HDL-C), low density
lipoprotein (LDL-C), diabetes, smoking, exercise, COPD, and prevalent CVD, both adjusted
and unadjusted for covariates. Additionally, we used Cox regression to assess the
relationship of pulmonary function tests [forced expiratory volume in 1 minute (FEV1),
forced vital capacity (FVC), and FEV1/FVC ratio] and total CHD and CVD. Standardized
hazard ratios (HR) are presented to compare the HR's of each measure per standard
deviation increment. We then categorized FEV, and FVVC values into quartiles and
compared each the 1st, 2nd, and 3rd quartiles with the 4th quartile using Cox regression for
risk of CHD and CVD mortality. Finally, we performed gender and age stratified analyses
for CHD and CVD outcomes. All tests of pulmonary function variables were adjusted for
standard CVD risk factors.
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In our study, there were significant differences in risk factors according to COPD severity.
With increasing COPD group severity, the following trends were observed: older age, lower
FEV1, lower FVC, higher rate of CHD/CVD death, higher proportion of CVD death, higher
proportion of prevalent CHD/CVD, higher proportion of current and past smokers, and
lower proportion of those who reported that they exercised regularly (Table 1).

Of the standard risk factors, age, male sex, current/past smoking, <3x a week physical
exercise, and prevalent CVD were significantly associated with total CHD and CVD, in
addition to higher LDL-C and having COPD for only total CHD (Table 2). When controlled
for standard risk factors, higher FEV4 and FVC were significantly associated with decreased
risk of both CHD [HR 0.80 (0.73-0.88) for FEV1 and FVC, per SD, p<.01] and CVD [HR
0.82 (0.74-0.91) for FEV; and FVC, per SD, p<.01] (Table 3). Of note, since FEV1 and
FVC are often adjusted for height, adjustment for height instead of BMI resulted in virtually
identical results (data not shown). Additionally, the effects appear stronger in women and in
older persons after adjustments (Table 3). The upper cutpoints for the quartiles of FEV,
were 1.80 liters, 2.25 liters, and 2.78 liters, and the upper cutpoints for the quartiles of FVC
were 2.41 liters, 2.98 liters, and 3.70 liters. Those in the lowest quartiles of FEV; and FVC
had hazard ratios of 1.68 (1.33-2.13) and 1.55 (1.21-2.00) respectively for CHD and hazards
ratios of 1.74 (1.34-2.25) and 1.49 (1.13-1.96) for CVD (all p<.01, relative to those in the
highest quartile) (Table 4). The FEV{/FVC ratio was inversely associated with CHD and
CVD events in unadjusted analyses, but not after adjustment for standard risk factors and
prevalent CVD.

We attained similar results when isolating the CHD and CVD mortality outcomes
specifically. Age (HR 1.78 CHD/ 1.55 CVD, per SD, p<.01) and sex (HR 1.32 CHD/ 1.33
CVD, male vs. female, p<.01) had the strongest positive associations, while exercise 3x a
week (0.72 CHD/0.69 CVD, p<.01) had the strongest negative association. A history of
COPD was significantly associated with CHD but not CVD death. When controlled for
standard risk factors, higher FEV4 and FVVC were significantly associated with decreased
risk of both CHD and CVD death. FEV/FVC ratio was only mildly associated with CHD
death. Those in the lowest quartiles of FEV; and FVC had the highest hazards ratios for
CHD and CVD death (all p<.01, relative to those in the highest quartile) (Table 4).

Secondary analyses were also conducted with the prevalent CVD cases omitted from the
cross-sectional analyses (new sample 1,173). Adjusted hazards ratios for FEV4 and FVC
were 0.80 (0.72-0.89) and 0.81 (0.73-0.90) respectively for CHD death and 0.83 (0.74-0.94)
and 0.84 (0.75-0.94) respectively for CVD death, all p<.01. FEV1/FVC ratio was not
statistically significant for either endpoint. In quartile analysis, those in the lowest quartiles
of FEV1 and FVC had hazard ratios of 1.54 (1.17-2.01) and 1.64 (1.24-2.18) respectively for
CHD death and hazards ratios of 1.54 (1.14-2.07) and 1.63 (1.19-2.22) for CVD Death (all
p<.01, compared to those in the highest quartile).

From highest to lowest quartiles of FVC and FEV1, rates of CHD mortality (per 1000
person years) ranged from 1.53 to 2.54 for FVC and 1.38 to 3.07 for FEV1 and rates of
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CVD mortality from 3.76 to 6.62 for FVC and 3.23 to 7.46 for FEV1 (Figures 1 and 2). For
the FEV1/FVC ratio from highest to lowest quartiles, rates of CHD mortality varied from
1.48 to 2.80 and CVD mortality from 4.39 to 7.04, respectively.

Discussion

Our study is the first to evaluate the long-term prognostic significance of lung spirometry in
a large and relatively healthy community-dwelling cohort of older adults followed for up to
22 years. We report here the potential clinical utility of these measures examining the
association between classic CVD risk factors and the severity of COPD. We demonstrated
the strong and similar prognostic value of FEV; and FVC for total CHD and CVD and for
mortality from CHD and CVD. Specifically, increased COPD severity, defined by
spirometry, was significantly correlated with many CVD risk factors including age, SBP
(systolic blood pressure), male sex, lack of exercise, and current or past smoking and was
significantly associated with increased CVD mortality.

Although several CVD risk factors such as cholesterol and BMI showed significant
differences among COPD severity groups, there were no clear trends. While past studies
have suggested that cholesterol is a risk factor for CVD but not COPD1°, BMI has been
previously established as an independent prognostic factor in all-cause mortality among
COPD individuals6-19,

After adjustment, many of the same COPD severity factors (older age, male sex, current/past
smoking, <3x a week physical exercise) were significantly associated with incidence/death
of CHD and CVD. Prevalent CVD was a predictor of future CHD or CVD cases, but not
mortality. The prevalence of COPD itself was significantly associated with higher risk of
CHD incidence and death. Both FEV1 and FVVC were strongly and inversely associated with
the risk of CHD and CVD outcomes after adjusting for standard risk factors; however, the
FEV1/FVC ratio commonly used in diagnosis of lung disease, while predictive of outcomes
in unadjusted analyses, did not remain significantly associated with outcomes after
adjustment for risk factors and CVD. It is possible that reduced variability in the FEV/ FVC
ratio in our largely healthy cohort (75% without COPD) and adjustment for risk factors that
could confound the relation of the FEV1/FVC ratio with outcomes may explain this.

FVC has been suggested to add predictive power to CHD mortality over traditional CHD
risk factors2; the current study confirms that higher FVC is associated with decreased risk
of CHD and CVD death after controlling for standard cardiovascular risk factors. In the
Framingham study, Kannel et al. reported that risk of congestive heart failure was
significantly increased among those in the lower quartiles of FVC; we similarly observed
increased CHD and CVD death among those with lower FVVC in our cohort. FEV1 is a well-
studied risk factor for CVD13:19-26: qur study confirms these relationships and found that
the negative association was particularly prominent in the highest risk quartile (Q1), which
increased the risks of CVD death and CHD death nearly two-fold compared to the lowest
risk quartile (Q4). The magnitude of FEV1 and FVC in predicting these outcomes was not
impacted heavily by those without baseline CVD, as indicated in our secondary analysis
which yielded similar numbers after excluding individuals with prevalent CVD. Importantly,
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Lundback and colleagues in the Obstructive Lung Disease in Northern Sweden (OLIN)
Study have shown the strong prognostic significance of COPD; the survival after 20 years
was only 19% in those with severe and very severe COPD, and disease severity and
concomitant ischemic heart disease or heart failure at entry was significantly predictive of
death.27

We additionally performed analyses stratified by sex and age, and reported that these
associations were strongest among women and older individuals in our study. Despite an
overall lower risk of CVD death in women in our study, the strength of the inverse
correlation of pulmonary function with cardiovascular outcomes was slightly greater in
women which may have implications for preventative measures in pulmonary disease
treatment. The Framingham study? reflects our results showing that women had stronger
associations than men of low vital capacity index with CVD incidence. The stronger
associations among the oldest individuals support the particular utility of using spirometry to
assess CVD risk as a primary prevention tool in the elderly.

There are several strengths and limitations to our study. Our measures of spirometry used
three to six tests with the ATS standard of acceptability and reproducibility, although was
limited by the single visit where lung function measures were obtained. Thus, we were
unable to examine the prognostic significance of worsening of COPD as could be possible
from serial measures of pulmonary function.2” Additionally, only a limited number of
participants met the classifications of moderate and severe COPD, so we had limited
statistical power to examine the impact of severe COPD separately. Furthermore, the sample
of upper middle class, predominately older Caucasian participants, nearly all of whom had
health insurance, should not be generalized to more diverse populations. On the other hand,
baseline data were collected at a time when individuals of this community were less
informed about healthy lifestyle habits or not taking effective medications for cholesterol
and blood pressure, making the associations less confounded compared to more recent years,
an advantage compared to more contemporary cohorts.

In conclusion, FEV; and FVC are inversely associated with risk of future CHD and CVVD
outcomes in older community-dwelling adults, largely independent of classic cardiovascular
risk factors, and may be useful measures for risk stratification in older adults.
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