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Abstract

Background: Clonal hematopoiesis of indeterminate potential (CHIP) refers to clonal expansion 

of hematopoietic stem cells due to acquired leukemic mutations in genes such as DNMT3A or 

TET2. In humans, CHIP associates with prevalent myocardial infarction. In mice, CHIP 

accelerates atherosclerosis and increases IL-6/IL-1β expression, raising the hypothesis that IL-6 

pathway antagonism in CHIP carriers would decrease cardiovascular disease (CVD) risk.

Methods: We analyzed exome sequences from 35,416 individuals in the UK Biobank without 

prevalent CVD, to identify participants with DNMT3A or TET2 CHIP. We used the IL6R 
p.Asp358Ala coding mutation as a genetic proxy for IL-6 inhibition. We tested the association of 

CHIP status with incident CVD events (myocardial infarction, coronary revascularization, stroke, 

or death), and whether it was modified by IL6R p.Asp358Ala.
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Results: We identified 1,079 (3.0%) individuals with CHIP, including 432 (1.2%) with large 

clones (allele fraction >10%). During 6.9-year median follow-up, CHIP associated with increased 

incident CVD event risk (HR=1.27, 95% CI: 1.04–1.56, p=0.019), with greater risk from large 

CHIP clones (HR=1.59, 95% CI: 1.21–2.09, p<0.001). IL6R p.Asp358Ala attenuated CVD event 

risk among participants with large CHIP clones (HR=0.46, 95% CI: 0.29–0.73, p<0.001) but not in 

individuals without CHIP (HR=0.95, 95% CI: 0.89–1.06, p=0.08) (pinteraction=0.003). In 9,951 

independent participants, the association of CHIP status with myocardial infarction similarly 

varied by IL6R p.Asp358Ala (pinteraction=0.036).

Conclusions: CHIP is associated with increased risk of incident CVD. Among carriers of large 

CHIP clones, genetically reduced IL-6 signaling abrogated this risk.
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Introduction

‘Clonal hematopoiesis of indeterminate potential’ (CHIP) is the presence of clonally 

expanded acquired leukemogenic mutations primarily in epigenetic regulatory genes, 

DNMT3A and TET2.1 Large-scale whole exome sequence analysis of DNA derived from 

blood cells showed that the prevalence of CHIP increases with age and occurs in over 1 in 10 

adults > 70 years of age.2–4 While individuals harboring CHIP have a markedly greater 

relative risk for future hematologic malignancy, the absolute risk remains modest (0.5% to 

1% per year).4,5 Heightened risk of mortality among those with CHIP appears to relate to 

atherosclerotic cardiovascular disease (CVD).6 Indeed, CHIP associates with prevalent 

coronary artery disease and early-onset myocardial infarction in four case-control studies, 

with risk principally conferred by large CHIP clones (variant allele fraction >10%).6

Hyperlipidemic mice with experimental CHIP have accelerated atherogenesis and have 

evidence for heightened IL-1β/IL-6 signaling.6,7 Furthermore, inhibition of the NLRP3 

inflammasome that activates IL-1β, a key inducer of IL-6, ameliorates atherosclerosis in 

such mice.7,8 These observations suggest that inhibiting the IL-6/IL-1β pathway may prove 

particularly effective in reducing CVD risk in humans with CHIP.

One way to test this hypothesis is through human genetics. A commonly occurring (allele 

frequency 30–40%) variant in IL-6 receptor gene, IL6R p. Asp358Ala, disrupts IL-6 

signaling analogous to tocilizumab 4–8 mg/kg infusions every 4 weeks. Functional studies 

of the IL6R p.Asp358Ala indicate this mutation reduced expression of membrane-bound 

IL-6 receptor, impairing responses to classical IL-6 signaling on hepatocytes and leukocytes.
9 As such, IL6R p.Asp358Ala provides an attractive genetic proxy to test this therapeutic 

hypothesis.10 In prior studies IL6R p.Asp358Ala associated with reduced CVD risk in a 

general population.10,11

Here, we leverage exome sequences in the UK Biobank to first confirm the association of 

CHIP with incident CVD. We then test whether individuals with IL6R p.Asp358Ala and 

CHIP would derive greater relative CVD event reduction than those without CHIP.
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Methods

Individual level genetic sequence data analyzed in this article are available to qualified 

researchers for replication of these analyses through the UK Biobank data showcase and the 

database of Genotypes and Phenotypes (dbGaP) (PROMIS Study Accession: 

phs000917.v1.p1).

Study Population

This analysis included individual-level data from 35,416 unrelated European ancestry 

participants enrolled in the UK Biobank study who had undergone exome sequencing12,13 

(Supplemental Figure 1). The overall UK Biobank prospective cohort consists of 

approximately 500,000 adult participants recruited between 2006 and 2010 from 22 

assessment centers across the United Kingdom. Individuals selected for the first tranche of 

exome sequence analysis were enriched for those with more complete phenotypic 

information, specifically cardiac magnetic resonance imaging (MRI).12 To exclude pairings 

within third-degree of relatedness, the KING [Kinship-based Inference for Genome-wide 

association studies] tool was used to derive kinship coefficients from genome-wide array-

derived genotypes.14 European ancestry was defined using principal components of ancestry 

as before.15 The UK Biobank has institutional review board (IRB) approval from the 

Northwest Multi-Center Research Ethics Committee and all participants provided written 

informed consent. Replication analyses utilized individual-level data from 9,951 individuals 

in the Pakistan Risk of Myocardial Infarction Study (PROMIS), a case-control myocardial 

infarction cohort designed to understand the determinants of cardiometabolic diseases in 

individuals from South Asia.16,17 Secondary use of data for the present analysis was 

approved by the Massachusetts General Hospital IRB 2013P001840. The data that support 

the findings of this study are available from the UK Biobank (https://www.ukbiobank.ac.uk/) 

and author upon reasonable request.

Whole Exome Sequencing & CHIP Detection

Exomes were sequenced from blood cell-derived DNA as previously described in the UK 

Biobank12 and PROMIS17. CHIP detection used previously described methods.2,6 (see 

Supplemental Methods) Briefly, aligned short-read exome sequences data were re-analyzed 

using the GATK MuTect2 software18 to detect putative somatic genetic variants. These 

putative variants were then filtered to exclude common sequencing artifacts and germline 

polymorphisms frequently observed in the population. Samples were annotated as having 

CHIP if the MuTect2 output contained one or more of a pre-specified list of putative CHIP 

variants implicated in the majority of CHIP carriers in DNMT3A or TET2 known to cause 

myeloid malignancy. (Supplemental Table 1)

Study Outcome

The primary outcome of our analysis, termed CVD events, was a composite of myocardial 

infarction, coronary artery revascularization, stroke, or death, defined by a combination of 

inpatient hospital billing ICD codes and UK death registries. Secondary exploratory 

outcomes included components of the composite outcome, CVD events without death, 
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myeloproliferative neoplasm and myeloid leukemia. (Supplemental Table 2) Myocardial 

infarction case-control status was the outcome used for the PROMIS replication analysis.16

IL-6 Inhibition Genetic Proxy

We used the common (allele frequency 30–40% in most populations measured reference 

datasets, but as low as 15% in Africans) IL-6 receptor disruptive coding mutation, IL6R 
p.Asp358Ala (rs2228145), as a genetic proxy for IL-6 pathway inhibition as before.10 Prior 

analyses of biomarker changes associated with IL6R p.Asp358Ala indicate a similar 

magnitude of CRP lowering observed with monthly tocilizumab 4–8 mg/kg infusions in 

randomized controlled trials.10

Statistical Analysis

We performed a prospective, time-to-event analysis of our CVD outcome stratified by CHIP 

status in UK Biobank. Cox proportional hazard models were adjusted for age when follow-

up began, genetic ancestry (Principal Components 1–5), and clinical covariates at the time of 

exome sequencing (age, sex, HDL cholesterol, LDL cholesterol (LDL-c), pack years of 

smoking, current smoking status at the time of enrollment, the interaction of pack years of 

smoking and smoking status at the time of enrollment, BMI, and diagnoses of type 2 

diabetes [T2D] and hypertension). Given the estimated average effect of statins, LDL-c was 

divided by a correction factor of 0.68 when statins were prescribed, as done previously.19,20 

For the subset of individuals selected for exome sequencing due to availability of cardiac 

MRI, we considered follow-up duration to be from the time of imaging—which was 

typically several years after exome sequencing—until censorship, disease onset, or death to 

eliminate immortal time bias.21 We further stratified CHIP status based on the size of the 

CHIP clone (defining large clones as >10% variant allele fraction). We evaluated the 

interaction between CHIP and IL6R p.Asp358Ala on the primary outcome. Because of 

departures from the Cox proportional hazards assumptions beyond 7.5 years of follow-up 

(beyond which fewer than 5% of participants had data), incident disease was censored at 7.5 

years for all analyses. Data is displayed as a cumulative event rate curves based on Kaplan-

Meier estimates.

To evaluate whether variants at other IL-6-signaling pathway genes showed similar 

interactions, we first identified variants previously significantly associated with CRP.22 

Variants near known IL-6-signaling pathway genes significantly associated with CRP 

included IL6R rs4129267 (p.Asp358Ala, used as the primary instrument in the present 

study), rs1880241 upstream of IL-6, rs6734238 upstream of IL1RN-IL1F10, and rs9284725 

within the first intron of IL1R1. We performed similar interaction analyses as described 

above.

To replicate the CHIP and IL6R p.Asp358Ala interaction, we used cross-sectional data on 

myocardial infarction outcomes from the PROMIS study. Multivariable logistic regression 

models of the effect of CHIP, IL6R p.Asp358Ala and the interaction between CHIP and 

IL6R p.Asp358Ala were adjusted for clinical covariates at the time of exome sequencing 

(age, sex, LDL-c, T2D, body mass index, hypertension, current and former smoking status, 

systolic blood pressure) and genetic ancestry (Principal Components 1–10 and estimated 
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proportion of South Asian ancestry). Missing phenotypic covariate data was imputed using 

the aregImpute algorithm in the Hmisc package23 (see Supplemental Methods).

Statistical significance was assigned at alpha = 0.05. All tests of significance are two-sided. 

Baseline groups utilized t-test. Analyses were performed in R (R Foundation, Vienna, 

Austria, version 3.6).

Results

In the UK Biobank cohort, we identified 1,079 (3.0%) individuals with CHIP mutations of 

whom, 432 (1.2%) had large CHIP clones - detected as variant allele fraction (VAF) > 10%, 

corresponding to more than 20% of nucleated blood cells harboring the a CHIP mutation. 

Consistent with prior reports, CHIP presence associated strongly with age (p<0.001, 

Supplemental Figure 2). Accordingly, individuals with CHIP were on average 3.3 years 

older than those without CHIP and had a higher rate of cardiovascular comorbidities 

including hypertension, hyperlipidemia, and T2D. Individuals with CHIP had a modestly 

elevated hsCRP in unadjusted analyses (Table 1, Supplemental Table 3); however, in a 

covariate-adjusted model, hsCRP did not associate significantly with CHIP (p=0.08). CHIP 

was not significantly associated with complete blood cell count with differential indices 

(Supplemental Table 4). As expected, CHIP associated with incident myeloproliferative 

neoplasms (HR 3.55, 95% CI 1.38–9.12, p=0.009) and myeloid leukemias (HR 6.25, 95% 

CI 2.08–18.82, p=0.001).

CHIP associated with increased CVD event risk (HR=1.27, 95% CI: 1.04–1.56, p=0.019, 

Figure 1A). Since we previously observed that those with large CHIP clones (VAF>10%) 

have greater incident cancer risk and a greater burden of subclinical atherosclerosis, we 

tested the hypothesis that carriers of large CHIP clones also have heightened incident CVD 

event risk. Large CHIP clones conferred most of this risk (HR=1.59, 95% CI 1.21–2.09, 

p=9.1 x 10−4, Figure 1B, Supplemental Figure 3), which differed significantly from the risk 

associated with smaller CHIP clones (HR=1.04, 95% CI: 0.78–1.39, p=0.78); heterogeneity 

test p=0.037. Effects were similar for large CHIP when further adjusting for hsCRP as well 

(HR=1.59, 95% CI: 1.20–2.10, p=1.6 x 10−3). Over 5-year follow-up, the absolute risk of 

the primary outcome was 4.7% (95% CI 4.4–4.9%) in the group without CHIP, 6.6% (95% 

4.9–8.2%) with any CHIP, and 8.9% (95% CI 6.0–11.8%) with large CHIP. All of the sub-

components of the primary outcome showed strong consistency of this association and risk 

difference with hazard ratios ranging from 1.62–1.82 (Supplemental Figure 4). Excluding 

all-cause death from the composite outcome, large CHIP clones still associated with 1.50-

fold risk for incident CVD events (95% CI 1.06–2.13, p=0.02) Stratifying by DNMT3A and 

TET2 CHIP driver mutations revealed similar effect sizes (Supplemental Figure 5).

Consistent with prior reports10,11, among all individuals, each additional IL6R p.Asp358Ala 

allele was associated with reduced risk of CVD events (HR=0.94, 95% CI: 0.88–1.00, 

p=0.05). In participants with large CHIP clones, each additional IL6R p.Asp358Ala allele 

attenuated the risk of CVD events (HR=0.46, 95% CI: 0.29–0.73, p=9.6 x 10−4); in contrast, 

the presence of IL6R p.Asp358Ala alleles had no significant effect on CVD event risk in 

individuals without CHIP (HR=0.95, 95% CI: 0.89–1.01, p=0.08), revealing a statistical 
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interaction between CHIP carrier status and IL6R p.Asp358Ala alleles (pinteraction=0.003; 

Figure 2). When considering all CHIP (i.e., large and small) carriers, there was no 

significant interaction with IL6R p.Asp358Ala for incident CVD event risk 

(pinteraction=0.42). The MI, revascularization and death subcomponents of the primary 

outcome showed strongly consistent results, while stroke did not (Supplemental Table 5). 

TET2 and DNMT3A status showed strongly consistent results as well (Supplemental Table 

6). When including CHIP carriers (n=30) of the next two commonly implicated genes (i.e., 

JAK2 and ASXL1), results were unchanged (Supplemental Table 7).

We evaluated three non-coding variants near IL-6 signaling pathway genes that were 

previously significantly associated with CRP. None of these variants were significantly 

associated with incident CVD events among all individuals. However, one variant 

(rs1880241) which is upstream of IL6, showed reduced CVD events only among large CHIP 

carriers and not all others (pinteraction = 0.025) (Supplemental Table 8).

The UK Biobank cohort consists primarily of individuals of British descent. We sought to 

replicate the interaction between CHIP and IL6R p.Asp358Ala and its association with 

myocardial infarction in the sequenced subset of the PROMIS cohort over 50 years old 

(n=9,951; 2,275 MI cases), a cohort of adults living in Pakistan (Supplemental Table 9). 52 

individuals had large (VAF>10%) DNMT3A or TET2 CHIP clones. In participants with 

these large CHIP clones, each additional IL6R p.Asp358Ala allele attenuated the risk of 

CVD events (OR=0.27, 95% CI: 0.07–0.92, p=0.047); in contrast, the presence of IL6R 
p.Asp358Ala alleles had no significant effect on MI risk in individuals without CHIP 

(OR=0.96, 95% CI: 0.89–1.03, p=0.32). The apparent difference in odds ratios was 

statistically different (pinteraction=0.036).

An exploratory analysis showed no association of IL6R p.Asp358Ala with incident 

hematologic malignancy risk (p=0.94 for acute myeloid leukemia; p=0.86 for 

myeloproliferative neoplasm). Similarly, specifically among individuals with large CHIP 

clones, IL6R p.Asp358Ala alleles did not associate with incident hematologic malignancy 

risk (p=0.19 for acute myeloid leukemia; p=0.82 for myeloproliferative neoplasm). Nor did 

we observe a significantly altered risk of sepsis among those with large CHIP clones 

carrying IL6R p.Asp358Ala versus those with large CHIP clones without IL6R 
p.Asp358Ala (p=0.11). Lastly, IL6R p.Asp358Ala was not associated with the presence of 

CHIP (p=0.16), with large CHIP (p=0.98), or with clonal expansion as measured by variant 

allele fraction among individuals with CHIP (p=0.41).

Discussion

Central goals of precision medicine include refinement in both risk assessment and targeting 

of therapies.24 This prospective study of CHIP showed that the presence of clonally 

expanded somatic mutations in DNMT3A and TET2 among asymptomatic carriers 

independently and significantly associated with CVD event risk. Using genetic proxies for 

putative CVD preventive therapies, we show that individuals with large CHIP clones (1 in 80 

middle-aged adults in the UK Biobank)—but not those without CHIP—have reduced CVD 
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events by a genetically-mediated reduction in IL-6 signaling. These results provide several 

insights into atherosclerosis as well as preventive cardiovascular medicine.

First, building upon prior work6, these new analyses affirm DNMT3A and TET2 CHIP as a 

previously unrecognized risk factor for future CVD events independent of conventional 

CVD risk factors. While those with CHIP have modestly higher hsCRP concentrations, risk 

for CVD events persists even after adjusting for hsCRP concentrations. Other clonal 

hematopoietic phenomena have recently been described, including clonal hematopoiesis 

without identified driver mutations4,25 and somatic chromosomal mosaicism26, however 

these other forms of clonal hematopoiesis have not been linked to CVD risk.

Second, this study showed that degree of clonal expansion refines CVD risk. Larger CHIP 

clones (VAF>10%) confer most of the CVD risk (Supplemental Figure 6). While ultra-deep 

sequencing methods can identify very small clones in many more individuals, limited 

longitudinal analyses indicate that few will substantial clonal expansion at least over a 

decade.27 Recent work suggests that analyses of mutation fitness may better predict clonal 

progression, and future longitudinal analyses are required to confirm this hypothesis.28

Third, IL-6 signaling blockade may prove particularly beneficial in individuals with large 

CHIP clones. Experimental inactivation of Tet2 or Dnmt3a in macrophages augments IL-6 

expression.29 Furthermore, our observation agrees with recent experiments showing that an 

NLRP3 inflammasome (activator of IL-1β, situated upstream of IL-6 signaling) inhibitor 

mitigates the development of atherosclerosis in atherogenic mice with transplanted Tet2−/− 

bone marrow to a greater degree than in control mice.7 CANTOS showed that individuals 

with prevalent CVD and elevated hsCRP have fewer incident CVD events when given 

canakinumab, an IL-1β inhibitory antibody, versus placebo.30 IL-1β inhibition strikingly 

induces IL-6.31,32 Indeed, in CANTOS, the degree of benefit correlated strongly with on-

treatment IL-6 levels.33 The relative benefit conferred from canakinumab was HR 0.85 in 

the overall trial, but a preliminary targeted sequencing analysis in CANTOS suggested a 

markedly greater relative benefit among trial participants with TET2 CHIP (HR=0.36, 

p=0.034) consistent with our findings.33

Fourth, IL-6 blockade among those with large CHIP clones may yield distinct effects 

compared to IL-1β inhibition. Tocilizumab, an IL6-receptor inhibitor, is associated with 

increased LDL cholesterol concentrations. The ENTRACTE trial demonstrated that 

tocilizumab was not associated with greater CVD risk than etanercept in rheumatoid arthritis 

patients.34 Our data indicate that similar IL-6 inhibition, without adversely affecting LDL 

cholesterol may be associated with reduced CVD risk among those with large CHIP. 

Intriguing exploratory findings from CANTOS that canakinumab may reduce lung cancer 

risk.30 The current study did not observe that genetically reduced IL-6 signaling alters future 

CHIP-associated risk for myeloid malignancies. IL-1β neutralization in CANTOS associated 

with a small but significant risk of infection was not observed in our study. Thus, targeting 

IL-6, distal to IL-1β might interrupt a causal pathway in atherothombosis while leaving 

some of IL-1s host defense functions unopposed.
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Our study has important limitations. First, to minimize potential heterogeneity that exists by 

CHIP driver mutation we focused here only on CHIP caused by the two most common 

driver mutations, DNMT3A and TET2. These two genes together comprise >75% of CHIP 

in prior analyses2,6,35, have a similar pro-inflammatory profile35 and have prior data 

supporting the importance of IL-6/IL-1β in atherosclerotic disease pathogenesis in mice.
6,7,29 It remains to be determined whether our observations generalize to other CHIP genes 

(eg JAK2, ASXL1, etc) or other clonal hematopoietic conditions in the absence of driver 

mutations25,26. A second limitation is the use of a prespecified composite endpoint, chosen 

for consistency with the CANTOS analysis. Reassuringly, the secondary analyses of the sub-

components of the CVD event endpoint showed strong consistency across all 

subcomponents of the composite endpoint. Third, our germline genetic proxy for 

therapeutically reduced IL-6 signaling inherently models reduced signaling from birth, well 

before the development of CHIP, a condition that arises from acquired somatic mutations 

that accumulate with age. The analyses presented here do not inform regarding the optimal 

timing of putative IL-6 signaling blockade to reduce CVD risk. Yet, prior mouse studies and 

post hoc analyses in CANTOS suggest that the efficacy of initiation of therapy after CHIP 

development.

In conclusion, DNMT3A and TET2 CHIP, particularly with larger clone size, was 

independently associated with incident CVD events. This risk was specifically mitigated in 

the setting of a disruptive genetic variant in IL6R.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Non-standard Abbreviations and Acronyms

CHIP Clonal hematopoiesis of indeterminate potential

CVD cardiovascular disease

PROMIS Pakistan Risk of Myocardial Infarction Study

VAF variant allele fraction
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Clinical Perspective

What is new?

• In a prospective cohort, clonal hematopoiesis of indeterminate potential 

(CHIP) [defined as clonally expanded mutations in DNMT3A and TET2 in 

blood cells], is independently associated future risk of cardiovascular disease.

• The heightened cardiovascular disease risk conferred by CHIP is restricted to 

those with greater clonal expansion (‘large CHIP’), defined as a variant allele 

fraction greater than 10%.

• Individuals who develop CHIP with simultaneous genetic deficiency of IL-6 

signaling (by carrying IL6R p.Asp358Ala versus wild-type) had greater 

cardiovascular disease risk reduction compared to those without CHIP with 

genetic IL-6 signaling deficiency.

What are the clinical implications?

• Patients with large CHIP, asymptomatic leukemogenic blood cell mutations in 

DNMT3A or TET2 and variant allele fraction is greater than 10%, have an 

increased future risk of cardiovascular disease.

• Therapies inhibiting IL-6 signaling may more efficiently reduce 

cardiovascular disease risk among individuals with large CHIP. Prospective 

clinical trials are required to confirm this hypothesis.
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Figure 1. CVD Event Incidence stratified by CHIP carrier status and clone size.
Panel A shows the comparison of time to the primary CVD event outcome of myocardial 

infarction, coronary artery disease or revascularization, stroke, or death between all CHIP 

carriers and non-carriers of CHIP. Panel B shows that carriers of large CHIP clones (VAF > 

10%) had an increased risk of the primary outcome, while those with small CHIP clones 

(VAF < 10%) did not have significantly increased risk. VAF = variant allele fraction.
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Figure 2: CVD Event Incidence stratified by CHIP carrier status and genetically determined 
impairment in IL-6 signaling.
Panel A. Comparison of time to the primary outcome of myocardial infarction, coronary 

artery disease or revascularization, stroke, or death stratified by IL6R p.Asp358Ala carrier 

status in (left panel) individuals without CHIP or (right panel) carriers of large CHIP clones 

(VAF > 10%). Panel B. Among those with large CHIP clones, but not those without CHIP, 

the presence of IL6R p.Asp358Ala variants conferred a reduced risk of incidence of the 

primary outcome (pinteraction=0.003).
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Table 1:

Characteristics of participants at baseline, stratified by CHIP status

CHIP noncarriers 
(N=34,337)

CHIP carriers 
(N=1,079)

P value

Women, N (%) 18823 (54.8) 599 (55.5) 0.66

Age at exome sequencing 57.1±7.87 60.7±6.75 1.3 x 10−57

Age at the start of follow-up 58.8±8.08 62.1±6.91 1.8 x 10−47

BMI (kg/m2) 27.3±4.75 27.4±4.67 0.52

Height (cm) 169±9.21 169±9.01 0.22

Weight (kg) 78.3±15.9 78.2±15.5 0.87

Systolic blood pressure (mmHg) 137±18.2 141±18.6 3.5 x 10−9

Diastolic blood pressure (mmHg) 81.9±9.95 82.6±9.47 0.01

Type 2 diabetes mellitus, N (%) 727 (2.12) 35 (3.24) 0.02

Hypertension, N (%) 9743 (28.4) 354 (32.8) 1.8 x 10−3

Hypercholesterolemia, N (%) 5059 (14.7) 183 (17) 0.05

Standard drinks/week 12.1±10.5 12.3±10.5 0.60

Pack years of tobacco 6.07±13.1 7.24±13.9 0.01

Currently using tobacco at enrollment, N (%) 2976 (8.67) 113 (10.5) 0.04

Total cholesterol 5.75±1.11 5.8±1.15 0.18

LDL cholesterol, direct 3.58±0.82 3.61±0.86 0.21

HDL cholesterol 1.49±0.36 1.49±0.35 0.41

Triglycerides 1.7±0.95 1.7±0.9 0.89

Apolipoprotein A1 1.56±0.27 1.58±0.26 0.21

Apolipoprotein B 1.04±0.23 1.05±0.24 0.22

Lipoprotein (a) 43.6±49.1 45.2±50.3 0.37

High-sensitivity C-reactive protein 2.49±4.26 2.85±5.18 0.03

Prescribed a statin at enrollment, N (%) 4846 (14.1) 193 (17.9) 6.4 x10−4

Prescribed a blood-pressure lowering medication at 
enrollment, N (%)

6184 (18) 236 (21.9) 1.5 x 10−3

IL6R p.Asp358Ala minor allele frequency 0.41 0.40 0.20

CHIP carriers were defined as individuals with CHIP present at any variant allele fraction. Continuous values are presented as mean±standard 
deviation, and categorical values are presented as count (percentage). BMI, body-mass index; CHIP, clonal hematopoiesis of indeterminate 
potential; HDL, high-density lipoprotein; LDL, low-density lipoprotein. P-values calculated with two-sample t-test for continuous traits or fisher-
exact test for categorical values.
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