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4. Rationale: 

 



The physiological decline in lung function usually starts after 25 years of age, with an 

average loss of 25 ml per year in the forced expiratory volume in one second (FEV1). Vital 

capacity levels also progressively decreases during lifetime reaching approximately 75% of its 

supposed best value.
1
 FEV1 decline over 100 ml per year, which is considered a fast decline, is 

associated with development of chronic obstructive pulmonary disease (COPD)
2
 and individuals 

with an accelerated decline in FEV1 have 50% higher risk of all-cause mortality in comparison 

with patients with slow decline in lung function.
3
 Genetic and environmental factors interact to 

determine the speed of the decline in lung function.
4
 Cigarette smoking is the main cause but 

occupational exposure to organic and inorganic dust, chemical agents, and indoor and outdoor air 

pollution contribute to the acceleration of pulmonary aging process.
5
  

Previous studies consistently showed that reduced baseline levels of forced vital capacity 

(FVC) and FEV1 are associated with incidence of cardiovascular disease. For instance, reduced 

lung function is associated with higher incidence of coronary heart disease,
6
 heart failure (HF)

7
 

and 1.8-fold higher risk of cardiovascular death in comparison with individuals with normal lung 

function.
8
 Impaired vascular reactivity and systemic inflammation have been considered causal 

mechanisms linking reduced lung function and cardiovascular disease.
9,10

 Rapid declines in 

FEV1 have been associated with higher levels of systemic inflammation markers, independently 

of smoking status in young adults with normal lung function.
11

 Additionally, lung function 

deterioration was independently associated with elevated incidence of hypertension, even among 

subjects with low-normal lung function.
12

 These findings support the notion that not only 

reduced baseline lung function but also higher decline rates in pulmonary function might be 

associated with increased cardiovascular risk. The association between velocity of decline in 

lung function and cardiovascular events and incident HF has not been explored. 

 

 

Aim: 

To evaluate the association between changes in lung function and incidence of heart failure, 

myocardial infarction, and stroke among patients with normal lung function. 

 

5. Main Hypothesis/Study Questions: 



In subjects with normal lung function, a greater decline in pulmonary function, three years after 

initial assessment, is associated with an increased risk of incident heart failure, myocardial 

infarction, and stroke after 20 years of follow-up. 

 

6. Design and analysis (study design, inclusion/exclusion, outcome and other variables of 

interest with specific reference to the time of their collection, summary of data analysis, 

and any anticipated methodological limitations or challenges if present). 

 

We will include patients who underwent tests of pulmonary function in Visit 1, and Visit 2. We 

will perform an analysis of changes in pulmonary function defined by the difference between 

spirometric parameters between visits 1 and 2, and evaluate its association with incident HF, MI, 

stroke and death. 

We will exclude subjects with prevalent coronary heart disease, stroke and HF in Visit 1 and 

Visit 2, and participants without information regarding lung function up to Visit 2. We will also 

exclude subjects with poor performance on spirometry indicated by quality control grades of “F” 

or “D.” 

  

Variables to be evaluated 

Exposures variables: 

Spirometry is a reliable test, with a coefficient of variation within subjects of about 5%.
13

 

In the ARIC Study, pulmonary function was obtained at Visits 1 and Visits 2, and Visit 5, and is 

available in the ARIC Study dataset. The following parameters will be analyzed: forced 

expiratory volume in one second (FEV1), in mL; forced vital capacity (FVC), in mL; and forced 

expiratory flow (FEF) 25%-75%. We will consider the delta between Visit 1 and Visit 2 of each 

variable, as follows: 

 

1) Difference between the FEV1 at Visit 1 and Visit 2 (FEV1 in Visit 2 - FEV1 in Visit 1)  

2) Difference between FVC at Visit 1 and Visit 2  (FVC in Visit 2 – FVC in Visit 1)  

3) Difference between FEF25-75 at Visit 1 and Visit 2 ( FEF 25-75% in Visit 2 – delta FEF 25-75% 

in Visit 1) 

Outcome variables:  

Incident heart failure, myocardial infarction, stroke and all cause mortality. 



Other covariates: 

- Demographic characteristics (age, race, sex, body mass index, ARIC center) 

- Cardiovascular risk factors (arterial hypertension (diagnosis criteria or medication), diabetes 

mellitus, dislipidemia, alcohol consumption, smoking status) 

- Lipid profile, glomerular filtration rate, C-reactive protein. 

- Coronary heart disease, stroke 

- Baseline parameters: FEV1, FVC, or FEF 25%-75% 

 

Analytical approach: 

Continuous normally distributed data will be displayed as mean and standard deviation 

and continuous non-normally distributed data will be displayed as median and first and third 

quartiles. Changes in lung function will be categorized in quartiles to perform Cox proportional 

analysis. Comparison among the groups will be performed using ANOVA or Kruskal-Wallis test 

according to the distribution of continuous variables. Categorical data will be reported as percent 

frequencies and compared by chi-squared or Fischer exact tests. Incident HF, stroke and 

myocardial infarction will be calculated and presented as events per 1000 person-years at risk. 

Analysis on the changes in lung function (quartiles of the differences between Visit 1 and Visit 

2) for cardiovascular events and death will be performed using Cox proportional hazards model. 

We will create a univariate and a multivariable model to identify both the unadjusted and 

adjusted risk of the outcome of interest. We will test for interaction for age and race with decline 

in lung function to access the effect modification of both, age and race, in the relationship 

between changes in lung function and cardiovascular outcomes. If sustained by a significant 

interaction, we will perform a stratified analysis by age and race strata. The multivariable model 

will include the potential confounders: age, sex, race, body mass index, ARIC center, arterial 

hypertension, diabetes mellitus, dislipidemia, amount of alcohol consumption, smoking status, 

LDL cholesterol, glomerular filtration rate, and coronary heart disease. P-values <0.05 will be 

considered significant. 

 

Limitations: 

The 3-year period between the two spirometry tests could be short to detect differences in the 

lung function. Also, in this study, only the pre-bronchodilator measurements are available, even 



though the post-bronchodilator would be the ideal according to the Global Initiative for Chronic 

Obstructive Lung Disease (GOLD).
4
 Finally, the residual confounding of the relationship 

between lung function and cardiovascular outcomes could not be completely addressed by 

multivariate model. 
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