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4. Rationale:  
 

While significant progresses have been achieved in cancer screening and 
treatment during the past decades, cancer remains the second leading cause 
and responsible for 25% of all deaths in the US.1 Identifying biomarkers for 
cancer susceptibility or progression in the general population, particularly factors 
predicting future cancer risk, is crucial in understanding cancer mechanisms, and 
facilitating the development of novel screening and therapeutic tools .  

 
Mitochondria are critically important in energy production and homeostasis 

because of their role in adenosine triphosphate (ATP) production via the 
oxidation phosphorylation (OXPHOS) pathway. Decline in mitochondrial function 
is associated with aging and multiple pathological changes that increase 
vulnerability to chronic disease, including initiation and progression of 
atherosclerosis, cardiovascular disease, and mortality.2, 3 Mitochondria maintain 
their own DNA (mtDNA), encoding 37 genes, 22 mitochondrial transfer RNAs, 
and two ribosomal RNAs.4 Mitochondrial DNA copy number (mtDNA-CN) can be 
measured from peripheral blood using a low-cost approach, and has been 
established as an indirect marker of mitochondrial function.5 Low mtDNA-CN, 
indicating mitochondrial dysfunction, was associated with diabetes, chronic 
kidney disease, sudden cardiac death, CVD, frailty and mortality in general 
population.6-10  

 
Changes in mitochondria may play a role in carcinogenesis. 

Epidemiological studies suggested that increased mtDNA-CN in peripheral blood 
was associated with increased risk of multiple malignancies, including breast 
cancer,11, 12 non-Hodgkin lymphoma,13 lung cancer,14 pancreatic cancer,15 and 
colorectal cancer16. Other studies have controversial results, showing an inverse 
association with breast cancer,17 renal cancer18 and null association with gastric 
cancer.19 It is hypothesized that high mtDNA-CN in peripheral blood reflected a 
compensatory response to deletion of mutant mtDNA,20 which predicted poor 



cancer prognosis and survival, and this hypothesis was supported by a recent 
meta-analysis.21 However, the current studies are mostly conducted in Asian 
population, and are limited by small sample size, case-control design, and 
specific subtypes of cancers. The association between mtDNA-CN and cancer in 
African Americans remains unknown. Additionally, only the association between 
mtDNA-CN and cancer-free survival was examined, but the association between 
mtDNA-CN and incident cancer remain unexplored.  

 
Hence, in the present study, we will examine the prospective association 

between baseline mtDNA-CN and the risk of cancer and cancer-specific mortality 
among participants from the Atherosclerosis Risk in Communities (ARIC) study. 

   
 
5. Main Hypothesis/Study Questions: 
 

 To estimate the association between mtDNA-CN with incidence of overall, 
and each subtype of cancer.  
 
We hypothesize that mtDNA-CN will be significantly associated with 
cancer, with variations in subtypes.  
 

 To estimate the association between mtDNA-CN with cancer-specific 
mortality. 
 
We hypothesize that mtDNA-CN will be positively associated with cancer-
specific mortality. 
 

 To estimate the association between mtDNA-CN with case-fatality. 
 
We hypothesize that mtDNA-CN will be positively associated with case-
fatality. 

 
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: prospective study. 
 
Inclusion/exclusion: We will include Whites and Blacks who have mtDNA-CN 
available. We will exclude non-whites and non-blacks, Blacks from the 
Minneapolis or Washington Co. Field center, as well as participants with 
prevalent cancer at the time of mtDNA-CN measurements, and participants 
missing cancer data or other covariates. 
 
Primary endpoints: 



- Cancer incidence overall and separately by sex  
- Cancer mortality 

• Cancer site 
• Lung and bronchus  
• Prostate 
• Breast (female, post-menopausal) 
• Colon and rectum 
• Pancreas 
• Uterine 
• Kidney 
• Any other site with at least 100 cases 

- Cancer groupings (obesity associated-post-menopausal breast, colon, 
pancreas, endometrial, kidney, gall bladder, liver; smoking associated-
lung, head/neck, pancreas, kidney; female: breast, endometrial, ovary, 
cervical, smoking-associated).  

 
  
The collection of cancer information has been described previously.22 We will use 
the ARIC cancer case files, which were developed using data from the MN, NC, 
MD, and MS state cancer registries, medical records, and hospital discharge 
codes. We will use first primary cancer cases and cancer deaths occurring after 
the visit at which mtDNA-CN was measured through 2012. Total cancer 
incidence is defined as the first primary cancer diagnosis (excluding prostate 
cancer – prostate cancer does dominate and most of the cases are very early 
disease that would not have been detected in the pre-PSA era and may never 
have become clinically apparent, but might be good to look with and without 
prostate cancer included anyway) in men and women free of any cancer 
diagnosis at baseline. Total cancer mortality is defined as the death from any 
cancer, listed as the underlying cause of death on death certificates. Site-specific 
cancer incidence and mortality will be evaluated for individual cancers that have 
sufficient number of events.  
 
  
Primary exposure:  

- mtDNA Copy Number 

DNA samples were isolated from buffy coat and gynotyped on the 
Affymetrix Genome-Wide Human SNP Array 6.0 (www.genvisis.org).6, 7 
Mitochondrial SNPs were collected across all samples and were signaled with 25 
high-quality mitochondrial probes. Raw mtDNA CN was determined by the 
median probe intensity difference across all mitochondrial SNPs. To correct for 
technical artifacts, batch effects, DNA quality, and starting DNA quantity, 
surrogate variable analysis was applied to probe intensities of 43,316 autosomal 
SNPs.23 We calculated residuals using a linear regression model with raw 
mtDNA CN as the dependent variable and the surrogate variable, age, sex, and 

http://www.genvisis.org/


enrollment center as independent variable, The calculated residuals were then 
used as measurement for mtDNA-CN for all subsequent analyses. 
 
Statistical Analyses 

DNA for mtDNA-CN analysis was collected in visit 1 (1987-1989) for 484 
participants (4.2%), visit 2 (1990-1992) for 9,112 participants (79.6%), visit 3 
(1993-1995) for 1,791 participants (15.6%), and visit 4 (1996-1998) for 66 
participants (0.6%). The visit of DNA collection for each participant will be 
considered the baseline visit and all covariates will be obtained from that visit. 
Follow-up for events will start from the date of DNA collection and will continue 
until incident cancer, death due to another cause, or December 31, 2012, 
whichever comes first. 

Baseline characteristics of the study population will be compared across 
quintiles of mtDNA-CN. We will use Cox proportional hazards regression to 
estimate hazard ratios (HR) and 95% confidence intervals (CI) for the association 
between mtDNA-CN and incident cancer and cancer mortality. We will test 
proportional hazard assumption using Schoenfeld residuals. In the primary 
analysis, we will categorize mtDNA-CN into quintiles based on the analytic cohort 
distribution. Tests for linear trend across quintiles will be conducted. In secondary 
analysis, we will model mtDNA as a continuous variable and estimated the HR 
for cancer comparing the 10th to the 90th percentile of mtDNA-CN, assuming a 
linear association on the natural logarithm scale?. Additionally, we will model 
mtDNA-CN using restricted cubic splines with knots at the 5th, 35th, 65th and 95th 
percentiles of its distribution to provide a smooth yet flexible description of the 
dose-response relationship between mtDNA-CN and cancer.  

 
To adjust for potential confounders, we will use 3 multivariate models with 

progressive degrees of adjustment as described below: 
Model 1: age, sex and race/field center groups.  
Model 2: model 1 + known or suspected common cancer risk factors, 

including body mass index, smoking, packyears smoked, alcohol intake, physical 
inactivity. 

Model 3: model 2 + possible cancer risk and protective factors, including 
total and HDL cholesterol, cholesterol medication, systolic and diastolic blood 
pressure, hypertensive medication, diabetes, ever use of hormone replacement 
therapy (women only).  

 
Additionally, we will perform pre-specified subgroup analyses by race, sex, 

other comorbidities, including diabetes, hypertension, and cardiovascular 
disease, and will test for potential interactions. All statistical analyses will be 
performed using STATA version 15 (StataCorp LP, College Station, Texas), with 
2-sided test and p<0.05 considered to be statistically significant. 

 
Some limitations of this study need to be considered. mtDNA-CN was 

collected from peripheral blood as a surrogate marker, but was not a direct 
measurement of mtDNA function in the cardiac myocytes. Additionally, mtDNA-



CN was only measured at single point, and variability due to changes over time 
was not captured. Furthermore, we don’t have good information on cancer 
treatment, and only have case fatality files for common cancers. 
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