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3. Timeline: Analysis using visit 5 SomaLogic protein measures, designed to provide
preliminary data for an R01 application to document our use of these data for studies on cancer,
will start immediately. We will amend this manuscript proposal to use the visit 2 and 3
SomaLogic protein measures once they are available. The manuscript using visit 2 and 3 protein
measures is expected to be submitted in 1 year after the data are available.



 
4. Rationale:  
Cigarette smoking is a well-established causal risk factor of cancers and cancer-related 
mortality.1,2 Levels of some circulating proteins have been found to predict future diagnosis of 
smoking-related cancers.3,4 For example, anti-inflammation markers, such as interleukin 1 
receptor antagonist (IL-1RA), and chemokines, such as CXCL5, have been associated with 
diagnosis of lung cancer.3 These circulating proteins that are associated with diagnosis of 
smoking-related cancers may also inform smoking-related cancer mortality.  
 Among ~5,000 participants of the Atherosclerosis Risk in Communities (ARIC) study at 
visit 5, 4,941 human plasma proteins have been measured using SOMAscan v.4 (SomaLogic, 
Boulder, CO), an aptamer-based technology.5-7 We propose to conduct a prospective cohort 
study of circulating protein levels associated with smoking in relation to smoking-related cancer 
mortality.  

While follow-up time is short (2012-2015 through 2017), this analysis using visit 5 
proteomics data is designed to provide preliminary data for an R01 application to document our 
use of these data for studies on cancer. Later when SOMAscan data for visits 2 and 3 are 
available, we plan to amend this manuscript proposal to address an expanded version of the same 
question - whether proteins associated with smoking are associated with smoking-associated 
cancer incidence and mortality with decades of follow-up. Overarching goals of this inquiry are 
to 1) understand better the spectrum of pathways beyond DNA mutation that may mediate the 
association between smoking and smoking-associated cancers, and 2) inform why some smokers 
develop smoking-associated cancers, while others do not.    

  
5. Main Hypothesis/Study Questions: 
Some, but not all proteins associated with smoking will be associated with death from smoking-
associated cancers.  
 
Smoking status will be analyzed as current/former/never smoker, packyears smoked, and time 
since quitting among former smokers concurrent with the visit at which the proteins were 
measured and used in the analysis as baseline.  
 
 
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). 
 
Described here is for the analysis using the proteins from visit 5. 
 
We propose a prospective cohort study with 4-6 years of follow up from visit 5 through 2017 (or 
2018, depending on the availability of the next death file). 
 
Inclusion criteria: Participants with SOMAscan version 4 measures, and covariate data. 
 
Exclusion criteria:  

i) Participants who only consented for CVD research.  
ii) Participants with prevalent cancer at visit 5 



iii) Sensitivity analysis: Participants with prevalent liver and kidney disease, which may 
affect circulating protein concentrations. 

iv) Sensitivity anslysis: Depending on the data on medications and treatment, participants 
who were on therapies with potentially large effects on circulating protein levels may 
need to be excluded.   

 
Outcomes:  
 

i) Protein measures from SOMAscan version 4 at visit 5. This analysis is for identifying 
proteins that are potential mediators of smoking for smoking-related cancers. We will 
conduct a cross-sectional analysis using protein measures as outcome and smoking 
status, packyears, and time since quitting as predictor. We will investigate an 
appropriate exclusion threshold for proteins that were FLAGGED in at least one 
plate, and the appropriate transformation of the relative florescence units (RFU) of 
protein levels, such as log2 and/or inverse normal transformation. 

ii) Smoking-related cancer mortality ascertained as the underlying cause on the death 
certificate (lung, oral cavity and throat, esophagus, larynx, stomach, pancreas, liver, 
colon and rectum, bladder, kidney, and cervix, and acute myeloid leukemia).  
 

Predictors:  
 
 To detect smoking-associated proteins: 

i) Smoking status (current/former/never) as a categorical variable 
ii) Packyears in current and former smokers 
iii) Time since quitting in former smokers  

 
To evaluate associations with smoking-related cancer mortality: 

i) Smoking-associated proteins 
 
Covariates:  
 
Age, sex, race-center, alcohol use, BMI, diabetes, eGFRcr-cys, hypertension and cholesterol 
medication use. We will also investigate the followings as potential covariates: medications that 
are known to affect circulating protein levels, cancer family history, vitamin C and E, and beta 
carotene exposure. 
  
 
Statistical analysis:  
 

A) Detection of smoking-associated proteins 
 
We will use linear regression to assess the association of smoking status, packyears, and time 
since quitting with the protein levels as the dependent variable controlling for the covariates. 
Model 1: age, sex, race-center 
Model 2: alcohol use, BMI, diabetes, hypertension and cholesterol medication use, eGFR 
 



We will set the threshold for selection of proteins to evaluate in relation to smoking-associated 
cancer mortality of p <0.05/number of proteins that are analyzable (~4,941) in the likelihood 
ratio of test of the smoking variables in Model 2. 
 
 

B) Assess the association between smoking-associated proteins and smoking-related cancer 
mortality 

 
We will use Cox regression to assess the association between the selected smoking-associated 
proteins from A) and smoking-related cancer mortality. We will express the proteins as a 
continuous variable (with transformation, if appropriate). Covariates will include age, sex, race-
center, alcohol use, BMI, diabetes, hypertension and cholesterol medication use, hormone 
replacement therapy use (female-no use, female-use both versus male), and eGFR. 
 
For the visit 5 analysis to generate preliminary data: 4,246 participants are potentially eligible, 
among whom 588 go on to die of any cause by 2017. Of these 588, 81 die of a smoking related 
cancer (127 die of any cancer). 
 
We do not expect that all proteins associated with the smoking variables are all biologically 
linked with carcinogenesis. Thus, in the amended application in which we will propose to use 
visit 2 and 3 proteins, we will investigate whether the smoking-associated proteins we find to be 
associated with cancer mediate the association between smoking and cancer. To do so, we will 
test the association between smoking status and smoking-related cancer mortality with and 
without smoking-associated proteins as a covariate. Then, for the mediating proteins identified in 
B), we will conduct pathway analysis to detect the biological pathways that may link the 
associations.  
 
For the visit 2 analysis to generate preliminary data: 13,057 participants are potentially eligible. 
Among 1,555 participants who were subsequently diagnosed with a smoking-related 
cancer, 1,010 died of a smoking-related cancer. 
 
 
Major challenges: 

• Analysis A: Systematic differences between smokers and non-smokers beyond smoking 
that may be correlated with protein levels. We will adjust for covariates, but residual 
confounding could remain. In analysis we will do when visit 2 and 3 proteins are 
available, we will consider other covariates (e.g., related to SES) and strategies for deal 
with confounding. 

• Analysis B: Small sample size for outcomes post visit 5. We will express proteins as 
continuous variables, which will increase power, but we are aware that this approach 
could mis-specify the shape of any association. When visit 2 and 3 proteins are available, 
we will consider other expressions of the proteins (e.g., threshold, quantiles).   
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