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3. Timeline: Expect to complete this work by February 2024.  
 
4. Rationale: 
Clonal hematopoiesis (CH) is the age-related expansion of hematopoietic stem cells (HSCs) that harbor 
somatic mutations, which confer survival advantage. CH is associated with increased risk for hematologic 
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malignancies in addition to cardiovascular disease and all-cause mortality.1 Drivers for CH aside from 
aging include environmental conditions and health status. Inflammatory bowel disease and smoking3 have 
both been demonstrated in clinical studies to be correlated with a higher prevalence of CH. Of particular 
interest is the growing evidence that infection is a driver for CH.  
 
Our group has contributed to the work that describes the impact of infection on HSCs and CH. We 
demonstrated in a mouse model that chronic infection depletes HSCs.4 In addition, we demonstrated that 
chronic mycobacterial infection is a driver of Dnmt3a mutant CH in a murine model.5 Mechanistically, 
mycobacterial infection depletes wildtype stem cells through excessive terminal differentiation and 
impaired self-renewal, whereas Dnmt3a-mutant HSCs are resistant to these effects and therefore expand 
in this condition. Others have demonstrated that LPS or microbial gut translocation drives expansion of 
Tet2-mutant HSC clones in animal models.6  In combination, these efforts make clear that infection is a 
driver of two of the most common mutant clones in CH - Dnmt3a and Tet2. 
 
5. Main Hypothesis/Study Questions: 
We hypothesize that CH is more likely to develop or expand in persons who have had major or repeated 
bouts of prior bacterial or viral infections as compared to persons who have not had documented prior 
infections (or few or minor). In this study, we will evaluate whether the number and type of documented 
prior infections and immune profiles are associated with CH.  
 
Question 1. Among participants without CH at Visit 2 (or the first visit before Visit 5), are documented 
prior infections and immune profiles associated with CH metrics at Visit 5, including:  

a. detected CH (yes/no) 
b. large CH (ε10%) (large, small, no CH) 
c. number (0, 1, 2+) of CH mutations 
d. repeat of a. and b. for DNMT3A and TET2 

 
Question 2. Among participants with detected CH at Visit 2 (or the first visit before Visit 5), are 
documented prior infection and immune profiles associated with change in CH metrics at Visit 5, 
including, possibly: 

a. change in total VAF (e.g., no change, small to large CH, large to small CH) 
b. change in number of CH mutations detected (no change, increase, decrease) 
c. change in type of CH mutations detected (no change, gain, loss) 
d. repeat of a. for DNMT3A and TET2 

 
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 and cohort. We will conduct a closed, prospective cohort study among participants who 
have information available on CH status at Visit 2 (or other visits before Visit 5, if Visit 2 was not 
available; for the purpose of this proposal, the first visit with CH status will be referred to as Visit 2) and 
Visit 5. We will exclude participants whose ancestry is not Black or White, who have a history of a 
hematologic malignancy at Visit 5, and who did not provide full consent. We expect to include 4,187 



participants based on Uddin et al. (PMID: 37732181), 3,730 without CH at Visit 2 (among whom 735 had 
incident CH at Visit 5) for Question 1 and 457 with CH at Visit 2 for Question 2. 
  
Assessment of CH. The analysis will be conducted stratified by CH status (not detected, detected) at Visit 
2 The outcome is CH metrics (CH detected, VAF, large CHIP (ε10%), number and type of mutations). 
CH was assessed at Visits 2 (Broad Institute; HiSeq 2000) and 5 (Baylor College of Medicine; NovaSeq 
6000) by whole exome sequencing of DNA extracted from peripheral blood leukocytes coupled with 
Mutect2 software and pipeline (BioRxiv, 861054); details have been reported including concordance 
between the two platforms (83% for VAFε2%, and 93% for VAFε10% (Uddin et al. PMID: 37732181). 
CH was defined as ε2% variant allele frequency (VAF) in any of 69 driver genes for myeloid malignancy.  
 
Assessment of infections. Hospital discharge summaries are routinely collected for ARIC participants. 
ARIC investigators have previously identified participants hospitalized for infections based on ICD-9 and 
ICD-10 codes and categorized these as respiratory, urinary tract, digestive tract, skin, blood or circulatory 
system (PMID: 36622673). We will include hospitalizations for infections that occur after Visit 1 and 
before Visit 5. Note that Visit 5, the second time point with CH status pre-dates COVID. We will classify 
participants by whether they have been hospitalized for infection, the number of hospitalizations for 
infection, whether they have been hospitalized for the above categories of organ system of infection. 
 
At Visit 4, an inflammation interview was performed. We will also include the following infections self-
reported in response to specific questions during that interview: 1) a recent or prior urinary tract infection 
or pyelonephritis, 2) recent or prior pneumonia, 3) recent or prior tuberculosis infection, 4) recent or prior 
course of antibiotics, 5) at least one prior episode of fever blister/cold sore on the lips, and/or 6) at least 
one episode of shingles/herpes zoster.  
 
Assessment of immune profiles. Immune profiles (measured at Visits 2 and 3) will include classic 
cytokines (e.g., IFN- β, IFN- γ, IL-1β, IL-6, TNF- α), total antibodies (IgG, IgM, IgA), and C-reactive 
protein from the Somalogic panel.  
 
Assessment of covariates. Covariates will be from Visit 2 and include age, race-center, education, 
smoking status (never, current, former) and packyears (for current and former smokers), body mass index 
(calculated from height and weight measured by trained technicians), diabetes status (diagnosed diabetes 
defined as self-reported physician diagnosis or used diabetes drugs, undiagnosed diabetes defined as those 
without diagnosed diabetes having fasting glucose ε126 mg/dL or non-fasting glucose ε200 mg/d L, a t  
r i s k  f o r  d i a b e t e s  d e f i n e d  a s  h a v i ng  f a s t i n g  g l u c o s e  100 t o  < 126 mg/d L o r  
n o n - f a s t i n g  g l u c o s e  140 t o  < 200 mg /d L, a n d  n o t  d i a b e t i c  o r  n o t  a t  r i s k  f o r  
d i a b e t e s ), a nd  d y s l i p i d e mi a  (a s  de f i ne d  i n  PMID: 37732181 -  t o t a l  
c h o l e s t e r o l  ≥ 240, t r i g l y c e r i de s  ≥ 200, LDL- c h ol e s t e r o l  ≥ 160, HDL-
c h o l e s t e r o l  < 40 i n  me n  o r  < 50 i n  wo me n  [ a l l  i n  mg/d] L, a n d /or  t a k i ng  a  
s t a t i n ).  
 



Statistical analysis. We will perform the analysis stratified by CH status at Visit 2 and evaluate the 
association of infections and immune profiles in relation to CH metrics using logistic regression (binary 
outcomes) or polytomous logistic regression (ordinal or nominal for category outcomes).  
 
We will evaluate associations for:  

● any hospitalization for infection 
● number of hospitalizations for infection 
● hospitalization for each category of organ system infection separately (see Assessment of 

Infections) 
● any of the self-reported infections (see Assessment of Infections) 
● the common self-reported infections separately 
● immune profiles: cytokines, antibodies, and CRP RFUs (these measurements do not have clinical 

cutpoints; we will used quantile cutpoints) 
● joint categories of hospitalization for infection and immune profiles 

 
For Question 1, we will adjust for age, sex, and dyslipidemia, which were found to be associated with 
incident CH in Uddin et al. (PMID: 37732181). For Question 2, we will first assess whether any of the 
covariates are associated with change in CH metrics, and adjust for those.  
 
Strengths. 

● The availability of  CH status at two time points; can evaluate incident CH and change in CH 
over time. 

● Large sample size and number of incident CH for Question 1 
 
Limitations. 

● Small sample size for change in CH in participants with CH for question 2 
● Two different platforms were used for the two visits, leading to reduced confidence in change in 

VAF 
● For hospitalizations, we do not expect to be able to study specific infectious agents; however, our 

hypothesis is not specific to particular bacteria or viruses 
● For the Visit 4 inflammation questionnaire, histories are self reported; no confirmation was done 
● For some participants, the first visit with CH status is after Visit 2 (but before Visit 5). We will 

use covariates from the corresponding visit, but the time from their first visit to Visit 5 will be 
shorter, resulting is less time to observe CH or change in CH. Thus, we will conduct a sensitivity 
analysis restricting to participants whose first visit is Visit 2.  
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