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3. Timeline: Data from all cohorts with the exception of HCHS/SOL, JHS, and SHS
have already been obtained, harmonized, and pooled under the auspices of approved
paper/ancillary study proposals relating to specific biological hypotheses that are to be
tested in this data. We hope to submit an abstract on our methods for harmonization and
pooling for the 2017 American Thoracic Society Conference (abstract deadline
November 2, 2016) and to prepare the relevant manuscript in spring 2017.

4. Rationale:

Chronic obstructive pulmonary disease (COPD) is the third leading cause of death
worldwide (1). COPD is currently defined functionally by airflow limitation on
spirometry that does not fully reverse with bronchodilators, together with respiratory
symptoms (2). Smoking, occupational and environmental exposures, gene variants, and
early life factors have been identified as risk factors for COPD, yet considerable
variability in COPD incidence and prognosis remains unexplained (3). An accelerated
rate of decline in lung function, which may be caused by smoking, may lead to the
development of COPD (4); however, there is increasing recognition that low lung
function in early adulthood may be another trajectory leading to COPD (5-7). This has
encouraged reconsideration of classical paradigms in order to identify novel risk factors



as well as strategies for primary prevention — which, beyond smoking cessation and
avoidance, are currently lacking (8).

To advance research on the determinants and prognostic implications of lung function
and lung function trajectories in adulthood, well-characterized population-based
epidemiologic cohorts are needed. Unfortunately, the utility of the National Health and
Nutrition Examination Survey (NHANES) and administrative datasets for this purpose is
limited by lack of reliable measurements of major risk factors (e.g., pack-years, lung
function) in these data (9, 10). Although national registries in Europe and Asia provide
attractive resources (11, 12), the generalizability of findings from these cohorts to the
multiethnic, increasingly non-smoking, and increasingly overweight US population is
questionable, especially in light of the racial and ethnic disparities in COPD and asthma
morbidity (13-15).

The NHLBI Pooled Cohorts Study (NIH/NHLBI R21-HL121457, R21-HL129924,
K23-HL130627) intends to harmonize data on respiratory outcomes from NIH-funded
cohorts conducted over the past forty years. While the importance of data
harmonization is drawing increasing attention from the research community (16-19) —
driven, at least in part, by the growing availability of heterogeneous “big data” —a
current search of pubmed.gov for articles on “harmonization AND spirometry” yields
zero records. This is despite the fact that standardization of spirometry measures,
which are highly effort-dependent, has been the subject of considerable attention from

the clinical community, resulting in a series of evolving guidelines in recent decades
(20-23).

We therefore propose a “methods paper” to describe our approach in the NHLBI
Pooled Cohorts Study to applying contemporary spirometry standards across nine US
epidemiologic cohorts so as to ensure valid harmonization of these data, which were
acquired using differing technologies and according to varying standards. We will
characterize the impact of applying these standards on sample size, inter- and intra-
subject variability in lung function, inter- and intra-cohort differences in age-adjusted
lung function, and quantity of empirically and clinically defined “outliers.” We will
furthermore describe our approach to defining clinical endpoints including respiratory
symptoms and severe obstructive lung disease events (SOLE).

5. Main Hypothesis/Study Questions:

1. Contemporary spirometry standards can be applied consistently to spirometry data
obtained from NIH-funded epidemiologic cohorts, and exclusion of spirometry
observations that do not meet contemporary spirometry standards will have the
following impact on the NHLBI Pooled Cohorts sample:

a. Decreased sample size, although the total number of participants and
observations will remain the largest currently available US population-
based sample with spirometry as well as reliable measures of smoking



2.

history, anthropometrics, socio-demographics, biomarkers, and respiratory

events follow-up.
b. Decreased inter- and intra-subject variability in lung function.

c. Decreased inter- and intra-cohort variability in age-adjusted lung function,

controlling for the known effects of sex, race/ethnicity, and smoking
status.

d. Fewer “outliers,” defined by statistical criteria (> 2 standard deviations

from the mean) and also a priori as lung function measures that are
substantially (> 15%) lower than one or more follow up measures,
therefore diverging from the classical paradigm of gradual age-related

lung function decline, and potentially reflecting falsely low lung function

attributable to poor effort or other factors.
Measurements of respiratory symptoms ascertained via questionnaires can be
harmonized across cohorts, and missing data may be imputed using statistical
methods.

Severe obstructive lung events (SOLE) — defined as hospitalizations/deaths with

COPD, chronic bronchitis, emphysema, or asthma as the primary discharge
diagnosis code or underlying cause of death (24) — can be identified in those

cohorts with events follow-up that includes ascertainment of discharge diagnosis

and death certificate data.

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).

We propose to harmonize and pool pre-bronchodilator spirometry measurements
performed over the past four decades, as well as identifying and harmonizing data on

respiratory symptoms and SOLE, in nine NIH-funded United States epidemiologic cohort

studies:

1.
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Atherosclerosis Risk in Communities (ARIC) Study

Coronary Artery Risk Development in Young Adults (CARDIA) Study
Cardiovascular Health Study (CHS)

Framingham Heart Study (FHS)

Health Aging and Body Composition (Health ABC) Study

Hispanic Community Health Study/Study of Latinos (HCHS/SOL)
Jackson Heart Study (JHS)

Multiethnic Study of Atherosclerosis (MESA)

Strong Heart Study (SHS)

We will use the following data (as available):

All spirometry measures, including QC variables, from all available exams



e Symptoms: self-reported respiratory symptoms including dyspnea, wheeze, cough

e Events: occurrence and time-to-event from study baseline for
hospitalizations/deaths with international classification of disease (ICD) codes for
asthma, COPD, chronic bronchitis, emphysema

e Socio-demographics: age, sex, race/ethnicity, insurance status, socioeconomic
status

e Anthropometric: height, weight, BMI, waist-to-hip ratio

e Smoking: smoking status, cigarettes per day, pack-years, pipe use

e Medical history: history of COPD, asthma, relevant medication use

Of note, data from all cohorts with the exception of HCHS/SOL, JHS, and SHS have
already been obtained, harmonized, and pooled under the auspices of approved
paper/ancillary study proposals relating to specific biological hypotheses that are to be
tested in this data.

Analytic Plan

We will apply the following grading criteria, which incorporate acceptability according to
American Thoracic Society (ATS)/European Respiratory Society (ERS) standards (23) as
well as reproducibility (25):

e A:3 or more acceptable curves, with the largest two values within 100mL

e B: 2 or more acceptable curves, with the largest two values within 150mL

e (: at least two acceptable curves, with the largest two values within 200mL

e D: at least two acceptable curves, with the largest two values within 250mL OR
only one acceptable curve

e F: No acceptable curves

These criteria will be applied to pre-bronchodilator measures of:

e Forced expiratory volume in one second (FEV)
e Forced vital capacity (FVC)

“Valid” spirometry will be defined as measures graded A, B, or C; “invalid” spirometry
will be defined as measures graded D or F. The impact of defining grade D as “valid”
will be tested in sensitivity analyses.

For exams/cohorts without the necessary data to determine grade according to the
abovementioned criteria, an alternative grading rubric will be developed and described.

To determine the suitability of harmonizing across different grading schemes, differences
in the distribution and variance of the valid versus invalid spirometry data using the
alternative grading scheme will be compared to results using the standardized grading
scheme in other exams/cohorts.



We will compare the sample excluding invalid spirometry (“valid spirometry”) to entire
sample (“any spirometry”’) on the basis of:

e Sample size; we will also construct “CONSORT” flow charts to visualize those
included versus excluded based on spirometry validity versus loss-to-follow-up or
other factors, and compare the socio-demographics of those with “valid” versus
“invalid” spirometry

e Inter- and intra-subject variability in lung function. We will test the within and
between subject variances and their ratio, the intra-class correlation, in mixed
models including adjustment for age, sex, height, and race/ethnicity.

e Inter- and intra-cohort variability in lung function. We will test the within and
between cohort variances and their ratio, the intra-class correlation, in mixed
models including adjustment for age, sex, height, and race/ethnicity.

e Outliers

0 We will determine the number, proportion, and distribution of
observations > 2 standard deviations from the mean.

0 We will determine the number, proportion, and distribution of
observations that are substantially (> 15%) lower than one or more follow-
up measures in the same participants.

Questionnaires regarding respiratory symptoms will be compared and evaluated
qualitatively, and responses to identical or very similar questions will be cautiously
combined. Prevalence and incidence of respiratory symptoms will be compared by
cohort, and between-cohort differences in symptom profiles will be evaluated with
respect to objective measurements of lung function in order to evaluate potential intra-
cohort differences attributable to questionnaires, demographics, and/or temporal trends
and birth cohort effects. The efficacy and validity of available options to account for
missing data (e.g., inverse probability weighting, multiple imputation) will be explored.

In cohorts with the necessary data, SOLE, or hospitalizations and deaths attributable to
chronic lower respiratory diseases, will be identified via ICD codes (ICD-9 490-493, 496,
506.4; ICD-10 J40-J45). Events will be sub-classified by code position (primary
diagnosis code or underlying cause of death versus any code position) and sub-type (e.g.,
COPD versus bronchitis). Adjudicated exacerbations and deaths due to CLRD (available
in HABC, MESA, and HCHS/SOL) will be evaluated as an alternate definition of SOLE.
Of note, based on prior work in MESA and HCHS/SOL, in which adjudication compared
favorably with ICD-based classifications (24), it is anticipated that ICD-based and
adjudicated SOLE will be suitable for harmonization.

Statistical analyses will be performed in R or SAS, Version 9.3.
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