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Overview

The MESA Lung Fibrosis Study (MESA-LF) is an ancillary study of the Multi-Ethnic Study of Atherosclerosis (MESA). MESA-LF is funded by an R01 award from the National Heart, Lung, and Blood Institute. 

Purpose and Objectives
The purpose of MESA-LF is to test novel hypotheses about the biology, clinical manifestations, and genetics of subclinical interstitial lung disease (ILD).

The primary objectives of MESA-LF are to:

· Characterize the molecular phenotype of a novel quantitative measure of subclinical ILD 
· Characterize the clinical phenotype of a novel quantitative measure of subclinical ILD 
· Identify genetic loci associated with subclinical ILD
The secondary objectives of MESA-LF are to:

· Describe the change in subclinical ILD over time in older adults
· Assess ethnic, age, and gender differences in subclinical ILD prevalence and progression

· Identify risk factors for subclinical ILD

· Refine the quantitative phenotype of subclinical ILD on CT

Study Sites

Columbia University is the lead institution for MESA-LF. The following centers will also be involved in MESA-LF

· University of Washington (Coordinating Center)
· University of Iowa (Lung CT Reading Center)
· University of Virginia (Genetic Analysis Core)
· University of Vermont (Laboratory Core)
· University of Pennsylvania
· National Human Genome Research Institute
BACKGROUND

The interstitial lung diseases (ILDs) are a class of non-infectious, non-malignant lung diseases characterized by alveolar injury, inflammation, and fibrosis. Idiopathic pulmonary fibrosis (IPF), the most common and deadly fibrotic ILD,
 ADDIN EN.CITE 
(1-3)
 has a median survival time of three years,4()
 and outcomes are worse among African-Americans and Hispanics.
 ADDIN EN.CITE 
(5, 6)
 There are no effective medical therapies for lung fibrosis, making the ILDs the leading indication for lung transplantation in the United States.7()
 Development of effective treatments may require identification and investigation of earlier stages of these diseases, prior to the onset of irreversible lung fibrosis.
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Most affected individuals present with advanced disease characterized by extensive lung fibrosis, limiting the ability to study early ILD. However, subclincial ILD has been described
 ADDIN EN.CITE 
(8-11)
  and is found at autopsy in 2% of adults.2()
 We recently identified subclinical ILD using a novel CT-based phenotype (high attenuation areas, HAA)9()
 in the Multi-Ethnic Study of Atherosclerosis (MESA), an NHLBI-funded population-based cohort of 6,814 participants age 45-84 years of European, African, Hispanic, and Chinese descent who underwent longitudinal cardiac CT scanning between 2000 and 2007. CT scans are being repeated in 2010-12. We have validated HAA as a phenotype of subclinical ILD: elevated HAA in MESA visually resembles ILD and is a specific predictor of subclinical and clinical ILD; serum inflammatory markers are associated with progression of HAA in MESA; and elevated HAA shares a common risk factor with ILD: cigarette smoking.9()
 Together, these findings suggest that elevated HAA is an imaging marker of subclinical ILD. 

The pathobiology of early ILD has only been examined in a few adults11()
 and has never been studied in a population-based cohort. Alveolar epithelial cell (AEC) injury and aberrant extracellular matrix (ECM) remodeling are thought to be primary events that lead to all forms of ILD. Rapid progression of ILD is characterized by AEC injury,12()
 and serum levels of surfactant protein-A (SP-A) and SP-D (established biomarkers of AEC injury)
 ADDIN EN.CITE 
(13-16)
 are elevated in advanced ILD.
 ADDIN EN.CITE 
(17-19)
 Lung fibrosis results from aberrant ECM remodeling mediated by matrix metalloproteinases (MMPs). MMP-1 and MMP-7 are two of the most differentially expressed proteins in the lung and serum of IPF cases.
 ADDIN EN.CITE 
(8)
 Single nucleotide polymorphisms (SNPs) in genes coding for SP-A and MMP-1 are associated with an increased risk of IPF.
 ADDIN EN.CITE 
(20, 21)

Our goals are (1) to establish elevated HAA as biomarker of subclinical ILD by demonstrating that the biology and physiology of elevated HAA parallels that of clinical ILD, and (2) to identify genetic factors that may contribute to subclinical ILD. Therefore, we propose to (a) measure HAA in the remaining MESA cardiac CT scans performed between 2002 and 2012 to establish a longitudinal case definition of subclinical ILD, (b) measure serum levels of SP-A, SP-D, MMP-1, and MMP-7 in 581 cross-sectional cases and 493 longitudinal cases of subclinical ILD and a comparison group of 1,200 MESA participants, and (c) measure resting and exercise lung function in 50 MESA participants with elevated HAA and 50 with normal HAA. We propose to use these new data, existing MESA and MESA Lung Study data, and SNP genotyping available from the MESA Family Study and CARe and SHARe resources to accomplish three Specific Aims:
SPECIFIC AIMS

Specific Aim 1:  To determine if cases with elevated HAA have higher serum levels of markers of AEC injury (SP-A and SP-D) and ECM remodeling (MMP-1 and MMP-7) compared to a comparison group. We hypothesize that serum levels of AEC injury and ECM remodeling markers will be elevated in both cross-sectional and longitudinal cases of elevated HAA compared to a comparison group. 
Specific Aim 2: To test the hypothesis in MESA participants that individuals with elevated HAA have impaired lung function compared to those with normal HAA. We hypothesize that MESA participants with elevated HAA will have greater ventilatory inefficiency during exercise, lower six-minute walk distance, and lower diffusing capacity compared to those with normal HAA.
Specific Aim 3: To perform statistical genetic analyses of quantitative (HAA) and qualitative (elevated HAA) phenotypes of subclinical ILD in the MESA and MESA Family studies. We will perform genome-wide linkage and association studies of HAA to discover new pathways that may lead to ILD.

STUDY DESIGN 

The MESA Lung Fibrosis Study (MESA-LF) is composed of four distinct studies corresponding to each of the three Specific Aims. Aim 1 will be a case-cohort study. Aim 2 will be a case-control study. In Aim 3, we will perform both a genome-wide association study and a family linkage study. 

GOALS AND TIMELINE
Year 1

· Initiate Exam 5 full lung CT readings from the Columbia Field Center

· Initiate recruitment for Aim 2 

· Initiate study visits for Aim 2 (goal 20 completers in year 1)

· Initiate CT reading for Exam 2-4 MESA cardiac CT scans

· Initiate Aim 3 data analysis

Year 2

· Complete 75% of Aim 2 study visits

· Complete 65% of Aim 1 CT reads

· Complete all Exam 5 full lung CT reading from the Columbia Field Center

· Complete Aim 3 data analysis

Year 3

· Complete Aim 2 study visits

· Initiate and complete Aim 2 data analysis

· Complete 95% aim 1 CT scans

· Initiate biomarker analyses

· Complete manuscripts for Aims 2 and 3 

· Submit competing renewal

Year 4
· Complete Aim 1 CT scans

· Complete biomarker measurements

· Complete manuscripts for Aim 1

Aim 2 Protocol

Study Design: We will achieve Aim 2 by performing a case-control study. 
Sampling Frame: For this Aim, we sample MESA participants at the Columbia University MESA Field Center who complete MESA Exam 5. 
Case definition and recruitment: We will select 50 cases with elevated HAA (greater than the upper limit of normal using reference equations from MESA “normals”) on Exam 1 cardiac CT scans. Cases will be selected in order beginning from highest HAA to lowest HAA.

Control definition and recruitment: We will match MESA participants with HAA below the upper limit of normal in 1:1 fashion to each case. Matching factors will include age (±10 years), gender, race/ethnicity, body mass index (± 5 kg/m2), and smoking status (current, former, never). 
Alternative case definition: We will also enroll 50 non-MESA participants with clinically diagnosed ILD to serve as a comparison group. Non-MESA participants with IPF will be preferentially enrolled, but those with ILD other than IPF will also be enrolled.
Inclusion criteria for MESA participants

1. Attendance or planned attendance at MESA Exam 5

2. Must meet potential case or control criteria (above)

3. Informed consent


Inclusion criteria for non-MESA participants
1. Clinical-radiologic diagnosis of interstitial lung disease 

2. Willingness to undergo a study-related (research) chest CT 

3. Informed consent

Exclusion criteria

1. Airflow obstruction by spirometry (FEV1/FVC < 0.70)*

2. Body mass index > 35 kg/m2
3. Clinical diagnosis of asthma or chronic obstructive pulmonary disease

4. Clinical diagnosis of chest wall, pleural, or neuromuscular disease that impacts on respiratory system mechanics or alveolar ventilation

5. Prior chest surgery (other than surgical lung biopsy) that impacts on respiratory system mechanics or lung volumes
6. Clinical diagnosis of a musculoskeletal condition that limits exercise

7. Perceived inability to ambulate or exercise on a cycle ergometer

8. Perceived inability to follow instructions
9. History of recent acute coronary syndrome (< 6 months)

10. Known unstable or stable angina 

11. Known cardiac stress test showing myocardial ischemia (unless followed by a negative test)
12. Syncope in the past 1 year

13. Pulmonary embolism in the past 2 years
14. Known left ventricular systolic dysfunction (LVEF < 45%)

*Participants who enroll and perform spirometry during the MESA Lung visit or at the screening visit showing airflow obstruction will be excluded
Summary of Aim 2 components

Informed consent 

Review Study Procedures with Participant

Vital signs

Brief H+P

Spirometry (if not completed in MESA Lung)

Body plethysmography

DLCO (if not completed in MESA Lung)

Six-minute walk testing (if not completed in MESA COPD)

Cardiopulmonary exercise testing

Spirometry

Spirometry is the simplest, most precise, and least expensive test for the assessment of pulmonary function. Low lung function is a major independent predictor of morbidity and mortality from cardiovascular, pulmonary and all causes. 

The important spirometry measurements are the forced vital capacity (FVC), which is greatest volume of air exhaled from a maximal inspiration to a complete exhalation; the forced expiration volume in one second (FEV1), which is the volume of air exhaled in the first second of the FVC maneuver; and the ratio between these two values: FEV1/FVC. A low FVC defines restrictive lung disease whereas a low FEV1/FVC ratio defines obstructive lung disease. These measurements were made in MESA Exam 3/4. In MESA Lung Fibrosis, we shall repeat these measurements and also measure lung volumes and DLCO.

Participants with airflow obstruction in MESA Lung Fibrosis will be excluded

Two professional societies publish widely recognized spirometry guidelines: the American Thoracic Society (ATS) and the European Thoracic Society (ERS), and a combined ATS + ERS spirometry guideline was published in 2005. The authors of this manual were members of the spirometry guidelines committee. The instruments and methods in this manual conform to these guidelines and exceed their accuracy and repeatability recommendations. 

The spirometers, software, and quality assurance program are the same as in the original MESA Lung Study, the 4th National Health and Nutrition Examination (NHANES IV), and the Hispanic Community Health Study (HCHS)/SOL. This standardization of methods makes the results of these large government-funded studies directly comparable. 

Spirometry results are very dependent on an adequate effort by the participant performing the test. The participant must completely inhale and forcefully exhale throughout the entire expiratory maneuver. If the participant does not produce an adequate effort, the results are not valid. It is therefore essential that you explain, demonstrate, and evaluate each maneuver to coach the best possible effort from the participant. 

Although the OMI software provides technical feedback to the technician, the technician still must instruct and demonstrate the test procedures to the participant. In addition, the technician must observe the results (flow-volume curves, volume-time curves, test values, and computer quality assessments) to determine the best coaching instructions to provide to the participants. This requires that the technician be familiar with what constitutes a valid test including unacceptable maneuvers as well as provide appropriate coaching instruction. There is no substitute for a well-motivated and well-trained technician. 

The testing room is quiet and private, without distractions. No other tests are conducted in the room during spirometry testing. The ambient temperature in the testing room is maintained between 65-78ºF. Ask for air conditioning if the room becomes uncomfortable due to high humidity or high temperatures. 

2. EQUIPMENT AND SUPPLIES

• SensorMedics model 1022 dry-rolling seal volume spirometer is fitted by OMI with a digital volume encoder, temperature sensor, and RS232 serial computer interface (you should have from Exam 3/4).

• OMI spirometry software (version 5.05.11) is installed on a notebook computer with

Windows XP. (you should have from Exam 3/4 but we’re checking if new computers are necessary)

• Calibration syringe, 3.00 liters, Han Rudolph model # 5530 (you should have from Exam 3/4).

• Spirometer hoses, 3 feet long

• Disposable mouthpieces, nose clips

• Albuterol metered-dose inhalers (MDIs) and spacers

Note: Although this spirometry system is much larger than spirometers commonly used for clinical practice (office spirometers), it is more accurate. The volume accuracy of this system is better than 1.5 percent, which exceeds the ATS-ERS recommendation (accuracy within 3.5%).

2.1. Advantages of the Sensor Medics Zero Return Spring

• The spirometer’s piston is returned to the zero position at the end of each maneuver by the zero return spring, reducing the time required to test a participant.

• Any leak in the spirometer or between the participant and his/her mouthpiece is easily detected because of the obvious loss in volume as a result of the positive pressure (0.4 cmH2O) generated by the return spring

• There is a clear indication when the participant comes off the mouthpiece.

• The spirometer is always stored with minimal volume in the spirometer, which eliminates the development of a “blip” due to seal memory within the measuring volume.

SPIROMETRY will be performed in accordance with the MESA Lung II Manual of Procedures, including QA and safety procedures. Bronchodilator testing will not be performed.

Body plethysmography and DLCO 
Lung volumes and DLCO will be measured using the SensorMedics Autobox 22 body plethysmograph in the Clinical PFT Lab on VC-3 using the standard clinical protocol in accordance with ATS/ERS guidelines.
Six-minute walk testing
For MESA participants: Six-minute walk testing will be performed following the MESA COPD protocol. Resting oxygen saturation will be measured. Oxygen saturation, distance walked, and Borg dyspnea and fatigue scores will be measured at the end of the walk.

Non-MESA participants will not perform six-minute walk testing as a research procedure. Instead, non-MESA participants will perform six-minute walk testing as clinically indicated using the Columbia ILD 6MWT protocol performed by a physical therapist.

Cardiopulmonary exercise testing (CPET)

· Upon Arrival

·  “Human Performance Laboratory testing packet” completed.

· Hospital consent form completed

·  AICD / pacemaker settings known (if applicable) 

· Equipment

· Vmax Encore 229 Metabolic Exercise System, Ergometric 800 (Viasys Respiratory Care, Yorba Linda, CA 800-231-2466). 

· Electrically braked cycle ergometer (192) allows direct quantifiable work rate performed and can be computer conontrolled

· Allows the work rate to be incremental automatically and even continuously (e.g., “ramp pattern”).  

· Valid from 20W -990W, cadences from 30-130 rpm. 

· The company recommends a cadence between 40-60 rpm to correlation with true wattage.

· Airflow and Volume Transducer

· Mass Flow Sensor 

· Gas Analyzers

· Mass Spectrometer

· Gas Exchange Measurement

· Breath-by-breath mode –formatted with a tabular report, baseline average 3min, Anaerobic threshold (AT average 20sec, Peak Exercise average 20sec).

· Electrocardiogram GEMS IT Cardiosoft V4.2 (GE Medical System Information Technologies, Chalfont St. Giles, UK)

· Measure R-R interval 

· Electrode set up as modified 12 lead

· Noninvasive Blood Pressure Baumanometer 6 Calibration Cuff and Inflation Bag (W.A. Baum Co., Inc. Copiague, NY)

· Pulse Oximetry  Nelcor N-595 (Tyco Healthcare Group LP, Nelcor Division, Pleasanton, CA)

· Calibration

· Manufacturer bears the responsibility for demonstrating that the system is accurate and precise.

· Maintaining calibration

· Daily calibration: 

· Air flow and volume transducer calibration is performed using a 3L syringe. Range of flow rates is performed ranging from 1-15 sec to simulate rest to heavy exercise flow rates. Volumes must be between ± 3%.

· Gas analysis performed with a 2 point calibration method using gas concentrations of a 6% CO2 and 15% O2 tank and 0% CO2 and 21% O2 tank. 

· Transport delay between gas sampling point and gas analyzer. Automated process provided by the manufacturer which occurs during daily calibration process.

· Quarterly calibration (at lab discrepancy):

· Physiological/ biological validation performed by healthy staff performs constant work rate at regular intervals. Subsequent steady state values for Ve, VO2, and VCO2 are compared to with the database and values outside a 95% CI for that individual. This calibration is generally accurate within 2-3%.

· Yearly calibration

· Electrically braked cycle ergometer is dynamically calibrated with a dynamometer by the manufacturers.
· Exercise Testing Protocol 

[image: image1.emf]
American Thoracic Society/ American College of Chest Physicians (2002)

· Cardiopulmonary Exercise Test Protocol 
· Subject performs a 12 second MVV while standing.

· Subject is seated on bike and is prepped with a modified 12 lead ECG, pulse oximeter, blood pressure cuff, mouthpiece and nose clip.

· Five minutes of resting data in exercise position are collected while subject sits on bike.

· Three minute unloaded pedaling (no resistance) warm-up to familiarize patient with bike and speed.

· Cadence is kept between 50-60 rpm for the entire test. If at any time they drop below 40 rpm and remain there for greater than 5 seconds, test will be terminated.

· After 3-minute warm-up, ramping protocol starts. Each patient’s CPET ramping protocol will be determined by his or her maximal voluntary ventilation (MVV) test. Those who achieved 40 L/min or less on the MVV will perform a 5-watt per minute ramping protocol, while those with more than 40 L/min on the MVV, will perform a 10-watt ramping protocol (Fishman A, Martinez F, Naunheim K, Piantadosi S, Wise R, Ries A et al. A randomized trial comparing lung-volume-reduction surgery with medical therapy for severe emphysema. N Engl J Med 2003; 348(21):2059-2073.).
· Subject exercises until fatigue either from respiratory or muscle limitations or until ATS test termination criteria 22()
 are met. 

· Subject continues pedaling (with no resistance) for a 3 minute cool down phase.

· Mouthpiece is removed and subject is monitored via blood pressure and ECG for a further 4 minutes. (i.e.- a total of 7 minutes after exercise ends)

· CPET is complete

· Data collection

· Data collected will be:  baseline, AT (if achieved), and peak values for: VO2, VCO2, VE/VCO2, petCO2, TV, VE, BP, HR, O2Pulse. Ventilatory and work efficiency/economy will also be calculated, as will chronotropic incompetence. 
· Patients on Oxygen Therapy 
· Testing will be performed on room air for MESA participants. 

· For those already on resting oxygen (for example, non-MESA participants):

· Patient equilibrated to 30% O2 via Venturi mask for 10 min prior to test

· Test is performed on 30% O2 

· Source- high output blender (30L Douglas Bag (30% O2 balanced N2) ( Large bore tubing( Non-rebreathing valve( Flowsensor and mouthpiece of the patient.  

· Flow should be ≥ the minute ventilation of the patient

· Conducting the test

· Prescription from referring physician required

· Medical history questionnaire completed

· Brief medical history taken which includes previous tests (PFT, ECG, CXR, referring physician notes, etc if applicable)
· Patient Safety discussed and familiarize patient to equipment and protocol

· Determination of indications and contraindications of the test

(Adapted/Reprinted from ATS/ACCP Statement on Cardiopulmonary Exercise Testing, p. 215, with additions)

(Nett Manual 2/Man9907\Manall.7. Nov 2000)Exercise testing. 
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Figure 1: HAA (green boxes) may detect early manifestations of ILD that may be more responsive to therapy. Biomarkers are noted in dashed boxes.
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