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3. Timeline:
We expect to submit the manuscript within 12 months of receiving the final visit 5 dataset.

4. Rationale:

Independent of cigarette smoking and known lung disease, pulmonary function has been
identified as a predictor of coronary heart disease, heart failure, and mortality (Ebi-Kryston et al.
1989; Lange et al. 1990; Hole et al. 1996; Schunemann et al. 2000; Griffith et al. 2001; Mannino
et al. 2003; Schroeder et al. 2003; Schroeder et al. 2005; Mannino and Davis 2006; Agarwal et
al. 2012). That the associations are observed in non-smokers suggests non-smoking related
effects (Lange et al. 1990; Hole et al. 1996; Schroeder et al. 2003), though the mechanisms by
which abnormal lung function is associated with mortality in the absence of established lung
disease remain unclear.

Data from the ARIC cohort study provide a unique opportunity to extend our understanding
about the progression of lung function throughout adulthood by evaluating 25-year changes in
lung function in a large, population-based, longitudinal cohort of African-American and white
men and women in the United States. Since 1987, ARIC study participants have responded to
extensive health-related questionnaires, completed up to five study examinations, and answered
annual follow-up questionnaires. The inclusion of spirometry at visits 1 (1987-1989), 2 (1990-
1992), and 5 (2011-2013) enables us to evaluate changes in lung function during the
approximately 25 years of ARIC follow-up. Improving our understanding of risk factors for lung
function decline can be used to develop additional hypotheses about mechanisms by which
metrics of lung function may predict mortality.

5. Main Hypothesis/Study Questions:

There are two main objectives of this proposed paper:

Obijective #1: To assess changes in lung function from visit 1 through visit 5.

Objective #2: To evaluate difference in lung function decline across categories of race, smoking
status, and history of asthma.

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 methodologic limitations or challenges if present).

Study Design
The proposed analysis is longitudinal analysis of lung function data collected during visits 1, 2,
and 5.

Inclusion/Exclusion Criteria

The eligible study population will include participants who completed spirometry during the visit
1 and visit 5 study examinations. The following exclusion criteria will be applied:

(1) Participants who restricted the use of their data to analysis of cardiovascular outcomes (i.e.,
RES_OTH=“CVD Research”)

(2) Race other than black or white



(3) Black participants recruited from suburbs of Minneapolis, Minnesota and from Washington
County, Maryland.
(4) Poor performance on spirometry, as indicated by QC grades of “F” or “D.”

Lung Function

Variables to describe lung function will be created using measures of lung function collected
using spirometry conducted during the study examinations at ARIC visits 1, 2, and 5 (spirometry
was not conducted at visits 3 and 4). The measures will be used to assess changes in lung
function between visit 1 and 5. For those participants with visit 2 measures, we will consider
using the average spirometry values of visits 1 and 2 as baseline measures. The measures are:

e Forced expiratory volume in one second (FEV3), in mL
e Forced vital capacity (FVC), in mL
e FEV./FVC

Covariates

Analysis of spirometry data requires adjustment for age, height, race, and sex. For FVC,
additional adjustment for body mass index is often included and will be evaluated for inclusion
in our final models. Cigarette smoking status will be evaluated using data collected at visit 1 and
updated at follow-up time points. Categories of smoking status, such as lifetime nonsmoker,
former smoker with 5 or more years since quitting, former smoker with less than 5 years since
quitting, current smoker, and pack-years of smoking will be created using visit 1 and follow-up
data. Other covariates to be considered include body mass index and asthma history. Asthma
history will be categorized on the basis of two questionnaire items: “Have you ever had asthma?”
and “At what age did it start?” As in previous analyses (Mirabelli et al. 2012), individuals who
reported having had asthma with onset at or before the age of 16 years will be considered to have
childhood asthma. All covariates for which values may change over time (e.g., smoking status,
body mass index) will be evaluated for changes between visits 1, 2, and 5 and, where applicable,
analyses will incorporate time-dependent variables.

Statistical Methods

For Objective #1, changes in lung function from visit 1 through visit 5 will be presented as mean
(with standard deviation) annual changes in FEV;, FVC, and FEV/FVC.

For Objective #2, differences in lung function decline among African-American and white
participants, across categories of smoking status, and by history of asthma will be evaluated
using generalized linear mixed models for multivariate repeated and clustered measures. This
method will account for the repeated (visits 1, 2, and 5) spirometry measures and for the
clustering of participant-level data within ARIC field centers. Specifically, we will use a
variation of the generalized linear mixed model E(Yy)=a + 2ZBx. Using FEV as an example in
the models shown below, the participant-level model (level 1) will be defined as

FEVii; = Boj + B1X1j + Boxzj + -+ Bnxpj (level 1),



where FEVyjjis the i FEV, measurement for person j, Byj 1s the random intercept for person j,
and 2 is the effect of participant-level predictor x;;. Level 1 models will include all participant-
specific variables, including age, height, and sex. Changes in participant-specific variables (e.g.,
body mass index) will be incorporated into the participant-level model. The center-level model
(level 2) will be defined as

ﬁOj = Bo + U127, + Hoj (level 2),

where 3y is the mean of center-level means for FEV1 (i.e., fixed intercept); u is the effect of
center; poj ~N(0, Too); and Tqo is between center-variance. The level 2 models will include only
the variable for center; correlations between race and center will be evaluated and, if they are
determined to be too highly correlated, the modeling strategy to address center-level variables
will be revised. If other center-level variables are identified, they will also be included in the
level 2 model. The level 2 model, substituted into the level 1 model, results in the final 2-level
random intercepts model,

FEan = Bo+ ,31x1j + ,Bzij + -+ annj + +U1Z1 + Hoj)

Where L is the random intercept term. Associations will be estimated as adjusted absolute
changes in FEV3, in mL, among African-American and white participants, across categories of
smoking status, and by asthma history. Similar models will be used to evaluate changes in FVC
and the FEV1/FVC ratio. As the analysis plan is further developed and finalized, these models
will be revised, as needed.

Methods to evaluate possible bias due to non-participation in ARIC visit 5 or in the spirometry
testing portion of the visit are currently being developed by the ARIC Study Coordinating
Center. When these methods are developed, they will be applied to the analyses proposed here in
order to draw conclusions about the potential impacts of non-participation on the external
validity of our results.

For all analyses, mixed model methods will be applied to take into account repeated measures
collected from ARIC participants and the clustering of individuals within study sites. Variation
within participants/across time-points and between participants/within study centers will be
accounted for by incorporating a random effects intercept term into the regression model, as
described above. All other variables will be incorporated as fixed effects. We will evaluate and
consider methods for incorporating error in spirometry measurements into our final models.

Limitations

The major limitation to this analysis will be the potential for survival or continued participation
in the ARIC study affect our results. Specifically, the ARIC study participants who died before
visit 5, who were too ill to participate in visit 5 or who were unable to complete the spirometry
protocol may be systematically different from participants who completed spirometry at visit 5.
We will evaluate the impact of such as bias on our results; methods (e.g., inverse weighting of
the probability of participating in visit 5, conditional on participation in visits lor 2) to



incorporate additional analysis of the potential bias into our analyses will be considered
carefully.

A second limitation will be the potential for comorbidities, household exposures, ambient air
quality, and other factors to affect respiratory health. The potential influence of these factors on
our findings will be discussed.

A third limitation will be the comparison of spirometry data collected at visits 1 and 2 to data
collect at visit 5. In visits 1 and 2, spirometry was conducted using Collins Survey Il spirometers
and post-bronchodilator spirometry was not performed. Visit 5 data collection was conducted
using SensorMedics model 1022 dry-rolling seal volume spirometers and, for a subset of
participants with airway obstruction, spirometry was performed after albuterol was administered.
We will consider the advantages and disadvantages of using the pre-bronchodilator spirometry
data at visit 5, compare pre- and post-bronchodilator data in the subset of participants with pre-
and post-bronchodilator spirometry, and evaluate the potential effects of our final analytic
decisions. Potential impacts on our results because of these decisions and comparisons will be
acknowledged.

A fourth, and minor, limitation to this analysis will be the lack of spirometry data at visits 3 and
4.
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