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OR	  for	  COPD	  among	  smokers	  
1.8	  (95%CI	  1.3	  to	  2.5)	  

p<0.001	  	  

OR	  for	  COPD	  among	  smokers	  
1.3	  (95%CI	  1.1	  to	  1.5)	  

P=0.008	  

Airway	  Branching	  VariaVon	  and	  	  
Chronic	  ObstrucVve	  Pulmonary	  Disease	  

Odds	  raVos	  adjusted	  for	  age,	  gender,	  height,	  race,	  smoking	  status,	  pack-‐years	  of	  smoking	  



MESA	  Lung	  Non-‐Smokers	  
•  Aim	  1:	  Variant	  airway	  anatomy	  is	  independently	  associated	  
with	  COPD	  and	  respiratory	  symptoms	  cross-‐secVonally	  
among	  2,635	  non-‐smokers	  and	  with	  incident	  COPD	  and	  
decline	  in	  lung	  funcVon	  among	  2,000	  non-‐smokers	  
followed	  for	  a	  median	  of	  10	  years	  

NON-‐SMOKERS	   KEY	  PROCEDURES:	  Lung	  ques7onnaire,	  CT,	  and	  Spirometry**	  

MESA	  Exam	  6	   258	  of	  650	  (39%	  of	  target)	  

MESA	  Exam	  5	   1,445	  

CanCOLD	   540	  

**COPD	  classificaVon	  requires	  post-‐bronchodilator	  spirometry	  
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**COPD	  classificaVon	  requires	  post-‐bronchodilator	  spirometry	  

Pre-‐bronchodilator	  
spirometry	  

Post-‐bronchodilator	  
spirometry	  

Normal	  

No	  COPD	  

Abnormal	  

Abnormal	  

COPD	  

	  Site	  
Exam	  6	  
Visits	  
(n)	  

Selected	  for	  
spirometry	  

(%)	  

Consented	  of	  
those	  selected	  

(%)	  

Completed	  pre-‐BD	  
spirometry	  of	  those	  

consented	  (%)	  

Completed	  post-‐BD	  
spirometry	  of	  those	  

selected	  (%)	  
3	  Wake	   143	   90	   98	   87	   55	  
4	  CU	   210	   86	   93	   93	   81	  
5	  JHU	   207	   92	   98	   97	   83	  
6	  Minn	   317	   98	   99	   95	   27	  
7	  NWU	   327	   90	   96	   84	   39	  
8	  UCLA	   246	   91	   98	   94	   61	  
Total	   1450	   92	   97	   92	   56	  
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•  Exam	  6	  Spirometry	  
–  Good,	  but	  could	  be	  be;er	  
–  CompleVon	  rate	  and	  quality	  varies	  by	  site	  

**Post-‐bronchodilator	  spirometry	  required	  to	  determine	  COPD	  status	  
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**Post-‐bronchodilator	  spirometry	  required	  to	  determine	  COPD	  status	  

SPIROMETRY	  TAKE-‐HOME	  POINTS	  
-‐	  Spirometry	  is	  an	  essenVal	  outcome	  measure	  for	  the	  MESA	  Lung	  Studies	  
-‐	  High	  quality	  pre-‐	  and	  post-‐bronchodilator	  spirometry	  is	  possible	  in	  Exam	  6	  
	  
TIPS	  
-‐	  Remind	  your	  staff	  that	  spirometry	  is	  well-‐tolerated,	  even	  in	  the	  elderly	  
-‐	  Perform	  spirometry	  early	  in	  visit	  when	  parVcipants	  when	  are	  less	  Vred	  
-‐	  QuesVonnaires	  can	  be	  completed	  between	  pre-‐	  and	  post-‐bronchodilator	  spirometry	  
-‐	  Perform	  spirometry	  (or	  post-‐bronchodilator	  spirometry)	  on	  return	  visit	  
-‐	  QC	  commi;ee	  is	  sending	  site-‐specific	  recommendaVons	  to	  improve	  spirometry	  quality	  
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•  Aim	  2:	  The	  mechanisms	  of	  COPD	  risk	  differ	  by	  common	  
airway	  variant	  among	  non-‐smokers	  and	  smokers	  in	  a	  CFD	  
model	  of	  parVcipant-‐specific	  geometry	  
–  Accessory	  airway	  variant:	  higher	  bifurcaVon	  density	  (a),	  and	  higher	  parVcle	  

deposiVon	  in	  a	  CFD	  model	  of	  parVcipant-‐specific	  geometry	  
–  Absent	  airway	  variant:	  globally	  narrowed	  lumens	  (b),	  and	  higher	  airway	  

resistance	  

a)	   b)	  



•  Aim	  3:	  GWAS	  will	  discover	  
geneVc	  variants	  underlying	  the	  
common	  airway	  variants	  in	  
MESA,	  MESA	  Family	  and	  
SPIROMICS,	  with	  replicaVon	  in	  
an	  independent	  sample	  
(CanCOLD)	  
–  Anatomy	  phenotyping	  (years	  1-‐2)	  

•  6,076	  of	  11,269	  parVcipants	  (54%)	  
complete	  

–  Candidate	  gene	  analysis	  of	  
absent	  airway	  variant	  

mesenchyme in utero and has been implicated in the 
development of several branched organs, including lung.35 
Absence of tracheal budding in Fgf10 null mice can be 
rescued by ubiquitous Fgf10 overexpression.36 Mutations in 
Fgf10 are associated with the autosomal dominant human 
syndrome of Aplasia of the Lacrimal and Salivary Glands 
(ALSG).37 A recent study of ALSG-affected humans carrying 
an Fgf10 loss-of-function mutation demonstrated significantly 
higher prevalence of COPD compared with sibling controls.38 
The current application will establish a novel 
developmental phenotype of COPD susceptibility and 
identify a link between genetics and pathophysiology 
that is of high programmatic interest to the NHLBI (HL-
131: Developmental Pathways in the Pathogenesis of 
Adult Chronic Lung Disease). 
B.6. Studying Non-Smokers to Expose Novel Disease 
Mechanisms and Confront Stigma The proposed study is 
the only large, longitudinal study of COPD in non-
smokers. Studying this population removes a major 
confounder of observational COPD research (smoking), and 
may expose novel biological mechanisms, which would help 
both smokers and non-smokers. Researching non-smokers 
will also help to counter the stigma that is often associated 
with   these   “diseases   of   smokers”,39 and facilitate future 
research into COPD. 
B.7. Summary COPD contributes significantly morbidity and mortality and is common among non-smokers, a 
group that has been excluded from major COPD imaging studies to date. The PI recently described the first 
common airway variant associated COPD, introducing airway anatomy as a potential developmental 
phenotype that bridges the genetics and pathophysiology of COPD susceptibility. The current application 
would create the largest structure-function evaluation of COPD among non-smokers to define risk 
factors and preventative strategies. It would establish airway anatomy as a novel developmental risk 
factor for clinically significant COPD among non-smokers that would allow personalization of 
treatments. Finally, it will advance our genetic understanding of airway tree structure to expose 
actionable mechanisms of COPD pathogenesis and progression. 
 
C. INNOVATION We propose a highly novel and cost-effective study that leverages prior NHLBI-funded work 
to test innovative hypotheses made possible by technological advances made by the PI and co-investigators. 
C.1. Human Airway Anatomy: In vivo Mapping The majority of human airway anatomy studies were 
performed by the mid-20th century using autopsy or surgical specimens.15, 16, 40 In the largest of these series, an 
accessory sub-superior airway was observed in 15% of 180 lower lobe specimens, and the right medial-basal 
airway was absent in 7.8% of specimens.15 The current application represents the first in vivo description of 
proximal human airway anatomy in a large, longitudinal, multiethnic population-based sample of non-smokers. 
This innovative application will provide, for the first time, an easily detectable phenotype of COPD 
susceptibility, introducing a novel area of chronic lung disease 
prevention among non-smokers. 
C.2. Computational Airflow Dynamics Dr Lin, a Co-I and world-
leader in the field of computational fluid dynamics, has pioneered the 
method of incorporating subject-specific in vivo lung structure into 
computational studies of airflow dynamics and particle deposition 
(Fig. 6).29-33  The current application will apply these state-of-the-
art techniques in an epidemiologic study to evaluate the 
physiological mechanisms by which proximal airway anatomy 
variants may alter COPD risk.  
C3. A Novel Automated Quantitative Measure of Airway Branch Density Building upon his quantitative 
studies of airway structure in MESA COPD and SPIROMICS,41, 42 the PI has recently developed an automated 
measure of airway branch pattern that quantifies the spatial branch density throughout the airway tree. The 

FGF10	  
MESA	  Lung	  Non-‐Smokers	  
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•  Aim	  3:	  GWAS	  will	  discover	  
geneVc	  variants	  underlying	  the	  
common	  airway	  variants	  in	  
MESA,	  MESA	  Family	  and	  
SPIROMICS,	  with	  replicaVon	  in	  
an	  independent	  sample	  
(CanCOLD)	  
–  Anatomy	  phenotyping	  (years	  1-‐2)	  

•  6,076	  of	  11,269	  parVcipants	  (54%)	  
complete	  

–  Candidate	  gene	  analysis	  

FGF10+/-‐	  FGF10+/+	  

18%	  smaller	  airway	  lumens	  (p<0.001)	  Rn
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*	  p=0.01;	  12	  mice	  (het=6,	  wt=6)	  



Thank	  you	  MESA,	  NIH/NHLBI	  
•  Project	  officer,	  Steering	  commi;ee,	  OSMB,	  OperaVons	  commi;ee,	  Ancillary	  study	  

commi;ee	  
•  R.	  Graham	  Barr	  
•  Clinical	  Site	  PIs,Coordinators,	  Staff	  

–  CU	  (S	  Shea,	  C	  Casto-‐Diehl),	  JHU	  (W	  Post,	  Erin	  Michos,	  I	  Benayache),	  NWU	  (K	  Liu,	  G	  Ho),	  UCLA	  (K	  Watson,	  S	  
Tadros),	  UMN	  (A	  Folsom,	  J	  Munoz),	  WF	  (G	  Burke,	  C	  Nunn)	  

•  CoordinaVng	  center	  
–  Dick	  Kronmal,	  Craig	  Johnson,	  Karen	  Hinckley	  Stukovsky,	  Kayleen	  Williams	  

•  CT	  reading	  center	  
–  Eric	  Hoffman,	  Melissa	  Saylor	  

•  Spirometry	  reading	  center	  
–  John	  Hankinson	  

•  ComputaVonal	  fluid	  dynamics	  
–  Ching-‐Long	  Lin,	  Eric	  Hoffman	  

•  GeneVcs	  
–  Steve	  Rich,	  Ani	  Manichaikul	  

•  P&P	  commi;ee,	  QC	  commi;ee	  
•  CanCOLD	  

–  Jean	  Bourbeau,	  Wan	  Tan	  

R01-‐HL13050	  


