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Abstract

Objectives: People with HIV (PWH) are at increased risk for premature cardiovascular 

disease (CVD). Clonal hematopoiesis is a common age-related condition that may be associated 

with increased CVD risk. The goal of this study was to determine the prevalence of clonal 

hematopoiesis and its association with chronic inflammation and CVD in PWH.

Design: Cross-sectional study utilizing archived specimens and data from 118 men (86 PWH 

and 32 HIV-uninfected) from the Baltimore-Washington DC center of the Multicenter AIDS 
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Cohort Study (MACS) who had had coronary computed tomography angiography (CTA) and 

measurement of 34 serologic inflammatory biomarkers.

Methods: Clonal hematopoiesis was assessed on peripheral blood mononuclear cells utilizing 

targeted error-corrected next generation sequencing (NGS) focused on 92 genes frequently 

mutated in hematologic malignancies. Clinical and laboratory data were obtained from the MACS 

database.

Results: Clonal hematopoiesis with a variant allele frequency (VAF) greater than 1% was 

significantly more common in PWH [20/86 (23.3%)] than in HIV-uninfected men [2/32 (6.3%)] 

(P = 0.035). PWH with clonal hematopoiesis (VAF > 1%) were more likely to have coronary 

artery stenosis of at least 50% than those without clonal hematopoiesis [6/20 (30%) vs. 6/64 (9%); 

P = 0.021]. Presence of clonal hematopoiesis was not significantly associated with serological 

inflammatory markers, except for significantly lower serum leptin levels; this was not significant 

after adjustment for abdominal or thigh subcutaneous fat area.

Conclusion: Clonal hematopoiesis was more common in PWH and among PWH was associated 

with the extent of coronary artery disease. Larger studies are needed to further examine the 

biological and clinical consequences of clonal hematopoiesis in PWH.
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Introduction

In the era of highly effective antiretroviral therapy (ART), HIV infection has become a 

chronic disease. As the life expectancy of people with HIV (PWH) continues to improve, 

non-AIDS-related comorbidities, such as cardiovascular disease (CVD), have become the 

leading causes of morbidity and mortality in this population [1]. The frequency of acute 

myocardial infarction (AMI) and coronary heart disease (CHD) is 1.2–2-fold higher in PWH 

compared with the HIV-uninfected population [2–5]. The difference remains significant in 

demographically and behaviorally similar populations; for example, in men who have sex 

with men (MSM) subclinical CVD was more frequent in PWH [6]. Likewise, the risk of 

CVD in virologically suppressed PWH remained significantly higher even after controlling 

for known sociodemographic and cardiovascular confounders [7], suggesting that other 

factors also contribute to this risk. Rapidly evolving knowledge regarding the mechanism 

of HIV-related CVD implicates immune system activation and inflammation as such a 

factor. Of note, chronic low-level inflammation persists in virologically suppressed PWH 

[8–11], and may activate monocytes, which is hypothesized to accelerate atherogenesis 

[12]. Although many factors, such asbacterial translocation, viral infections, low-level HIV 

replication, and altered balance of T-cell subsets, have been proposed to fuel chronic 

inflammation, the exact mechanism of this persistent immune activation in PWH remains 

unknown [13,14]. Additionally, the use of certain ART medications, particularly protease 

inhibitors, and the interaction between certain ART medications and altered immune 

function have been implicated in the accelerated CVD in PWH [15,16].
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Somatic mutations accumulate in all tissues with time. The vast majority of these 

mutations are functionally inconsequential, but some affect genes critical to the fitness of 

hematopoietic stem cells (HSC). HSC with such mutations may gain a growth advantage 

over unmutated counterparts, resulting in their relative expansion. In hematopoietic tissue, 

this process is known as clonal hematopoiesis, which has been defined as the dominance 

of a clonal population of cells arising from a single HSC [17,18]. In the general 

population, clonal hematopoiesis is common in older people, with a prevalence exceeding 

15% in individuals older than 70 years [19,20], and has been associated with adverse 

outcomes including a higher incidence of atherosclerosis and CVD [21,22]. This appears 

to be mediated, at least in part, by activation of the innate immune system and chronic 

inflammation [20]. Somatic mutations in the epigenetic modifiers DNMT3A and TET2 
can lead to preferential monocytic differentiation of hematopoietic stem cells and altered 

gene expression in mature monocytes/macrophages, resulting in significantly augmented 

production of proinflammatory cytokines, such as IL-1β and IL-6 [21]. Although the 

prevalence and genetic characteristics of clonal hematopoiesis have been well characterized 

in the general population, data on the prevalence of clonal hematopoiesis in PWH have just 

started to emerge and indicate that clonal hematopoiesis is more common in PWH [23,24].

The primary aim of the current study was to determine the prevalence of clonal 

hematopoiesis in PWH and its association with subclinical atherosclerosis. We also aimed to 

determine the association between clonal hematopoiesis and inflammatory markers in PWH.

Methods

Participants

Participants were selected from the MACS, a prospective study of MSM who are HIV-

infected or at risk for HIV infection. As described in detail elsewhere [25–27]. MACS 

participants have been followed semiannually with monitoring of HIV viral load and T-cell 

counts, and storage of peripheral mononuclear blood cells (PBMC) both viably and as 

cell pellets. The institutional review board of the Baltimore-DC MACS site approved the 

study protocol, and all participants provided informed consent. The study was performed in 

accordance with the Declaration of Helsinki.

For the current pilot study, we selected participants who had had computed tomography 

angiography (CTA) per MACS protocols in 2010–2013 [6]. CTA was performed on active 

MACS participants aged 40–70 years, weighing less than 300 lb (136 kg), and with no 

history of cardiac surgery or percutaneous coronary intervention (procedures which would 

interfere with CTA). Exclusion criteria included atrial fibrillation, chronic kidney disease 

[estimated glomerular filtration rate (GFR) <60 ml/min per 1.73 m2 within 1 month of 

CTA], and a history of allergy to intravenous contrast material. Of the 206 (110 PWH 

and 95 HIV-uninfected) participants at the Baltimore-Washington DC MACS site who had 

undergone CTA, we prioritized HIV-infected participants as our primary objective was to 

determine the impact of clonal hematopoiesis on subclinical coronary artery disease (CAD) 

in PWH. Given available funding, we selected 120 men who had stored specimens available 

for analysis. High-quality DNA was obtained from 118 men (86 PWH, 32 HIV-uninfected). 

The minimum age was 42 years in both PWH and HIV-uninfected men.
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Targeted gene panel sequencing

Genomic DNA was extracted (Zymo Quick-DNA kit) from PBMC pellets or viably frozen 

PBMC previously collected at the MACS study visit closest to the CTA. Sequencing and 

sequence analysis were implemented as described [28,29], covering the 92 genes most 

commonly mutated in hematologic malignancies (listed in Supplementary Table 1, http://

links.lww.com/QAD/C548) [30]. All reads were aligned to the human genome (GRCh37/

hg19) using the Burrows–Wheeler alignment algorithm. Variants were identified using a 

haplotype caller and our custom variant caller pipeline with a 0.5% variant allele frequency 

(VAF) filter, a filter of greater than four mutant reads in both directions, and a strand 

bias filter [28,29]. Variants with VAF 40–60% (heterozygous calls) and more than 90% 

(homozygous calls) were excluded as likely germline polymorphisms. Recurrent technical 

artifacts were excluded using a panel of normal samples derived from clinical validation 

samples using the same platform.

Computed tomography angiography and assessment of coronary artery stenosis

CTA scans were generated and interpreted previously as described [31]. Briefly, participants 

received a beta-blocker or calcium channel blocker if needed for heart rate control just 

before the time of scanning, followed by sublingual nitroglycerin before administration 

of intravenous contrast unless contraindicated. Coronary CTA was performed with 

electrocardiogram-triggered protocols. Coronary CTA images were analyzed at the core 

CT reading center (Lundquist Institute at Harbor-UCLA) by trained, experienced readers 

to characterize the degree of coronary stenosis (normal, <30, 30–49, 50–69, and ≥70%) 

in 15 arterial segments following the modified 15-segment model of the American Heart 

Association [32]. A person was considered to have at least 50% stenosis if this degree 

of stenosis was present in any of the 15 segments analyzed. Readers were blinded 

to participants’ clinical information. Quantitative CT was used to measure visceral and 

subcutaneous adipose tissue areas as described [33].

Biomarker assays

Serum levels of 34 cytokines, chemokines, and other inflammatory markers were available 

from previous studies. Fifteen were previously analyzed by multiplex methods or single 

ELISAs at the University of Vermont from samples collected at the time of the CTA, as 

described [11,12,34,35]: C-reactive protein (CRP), fibrinogen, d-dimer, IL-6, adiponectin, 

leptin, ICAM-1, RANKL, osteoprotegerin, CCL3, TNF-αRI, TNF-αRII, sCD163, sCD14, 

and cystatin-c. An additional 19 had been assessed by multiplex methods at Johns Hopkins 

School of Public Health or University of California (Los Angeles) as described [8,9] using 

samples obtained at MACS study visits closest to the CTA [median days 713 (Q1 499, 

Q3 962)]: GM-CSF, IFNγ, IL-10, IL-12p70, IL-1β, IL-2, TNF-α, CCL11, IL-8, CXCL10, 

CCL13, CCL4, CCL17, BAFF, CXCL13, sCD27, sgp130, sIL-2Rα, sIL-6R.

Clinical data

Diabetes was defined as a fasting blood glucose concentration of at least 126 mg/dl (7 

mmol/l), self-reported diagnosis of diabetes, or self-reported use of antidiabetic medication 

[36]. Hypertension was defined as either a systolic blood pressure greater than 140 mmHg, 
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a diastolic blood pressure greater than 90 mmHg, use of antihypertensive medication, or 

a previous hypertension diagnosis [37]. Current ART and cumulative years of ART with 

specific classes of medications until the visit at which clonal hematopoiesis was assessed 

were classified for each study participant, using the following classes: nucleoside reverse 

transcriptase inhibitors (NRTI), protease inhibitors, nonnucleoside reverse transcriptase 

inhibitors (NNRTI), and integrase inhibitors [36].

Data analysis

Data analysis was performed using R 4.0.1 and ggplot2 [38]. Contingency tables were 

analyzed using the chi-square test. All continuous variables were nonnormally distributed 

as assessed by Shapiro–Wilk’s test and histogram visualization; thus, these variables are 

summarized as median [quartile 1(Q1), quartile 3 (Q3)] and were log10-transformed before 

linear regression analyses described below.

Significance of differences between two nonnormally distributed groups was assessed using 

the Mann–Whitney–Wilcoxon rank sum test. To determine if the association between HIV 

status and clonal hematopoiesis was independent of ethnic background and BMI, we 

used a multivariable logistic regression model using clonal hematopoiesis as a response 

variable and HIV status, ethnic background, and BMI as independent variables. To 

determine if the association between clonal hematopoiesis and subclinical atherosclerosis 

was independent of known cardiovascular risk factors, we used a multivariable logistic 

regression model to adjust for the ACC-AHA Pooled Cohort Equation, which incorporates 

several variables important for cardiovascular disease (age, total cholesterol, high-density 

lipoprotein cholesterol, SBP, receiving treatment for hypertension, race, diabetes, sex, and 

current smoking status) [39]. Cases with missing data for any of the variables used in 

multivariable analysis were excluded from those analyses.

To determine if the association between clonal hematopoiesis and leptin was independent 

of thigh and abdominal subcutaneous fat area, we used two multivariable linear regression 

models, which adjusted for thigh and abdominal subcutaneous subcutaneous fat area.

A P value less than 0.05 was considered statistically significant.

Results

Study participants

Characteristics of the participants at the time of angiography and assessment of clonal 

hematopoiesis are provided in Table 1. PWH and HIV-uninfected men did not differ 

significantly in age and smoking status, both known risk factors for clonal hematopoiesis. 

However, PWH were significantly less likely to be Caucasian and had significantly lower 

BMI, cholesterol levels, and prevalence of hypertension. The vast majority of PWH were 

receiving ART [80 (93.0%)] and 77 (89.5%) had an HIV viral load <400 copies/ml, the 

sensitivity of the assay used at the time. The prevalence of coronary artery stenosis of at 

least 50% was similar in PWH and in HIV-uninfected men [12/84 (14.3%) vs. 5/31 (16.1%), 

respectively; P = 0.80].
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Prevalence of clonal hematopoiesis in people with HIV and HIV-negative men

In the entire study population, 105 mutations in 42 clonal hematopoiesis genes had VAFs 

over 0.5%: 79 with VAF between 0.5 and 1%, and 26 with VAF greater than 1% (raw data 

in Supplementary Figure 1, http://links.lww.com/QAD/C547). Using a VAF cutoff of 0.5%, 

clonal hematopoiesis was significantly more common in PWH [55/86 (64%)] than in HIV-

uninfected men [12/32 (37.5%); P < 0.01] (Fig. 1a, details in Supplementary Table 2, http://

links.lww.com/QAD/C548). This difference remained statistically significant when adjusting 

for BMI and ethnic background [OR 2.9 (1.1, 8.0), P = 0.03, Supplementary Table 3, http://

links.lww.com/QAD/C548]. Using a VAF cutoff of 1%, this difference persisted [for PWH 

20/86 (23.3%) and for HIV-uninfected men 2/32 (6.3%); P = 0.035; Fig. 1a]. DNMT3A was 

the most commonly mutated gene [in 17(19.8%) PWH and 2 (6.3%) HIV-uninfected men; P 
= 0.076]. TET2 mutations were observed in three (3.5%) PWH and 1 (3.1%) HIV-uninfected 

man (P = 0.92; Fig. 1b and Supplementary Figure 1, http://links.lww.com/QAD/C547). The 

distribution of less commonly mutated genes was different between the groups. For example, 

mutations in ARID1A, TP53, STAT3, PTPN11, KIT, and ALK were found exclusively in 

PWH (Fig. 1b).

Among men with clonal hematopoiesis, numbers of mutations per participant were similar 

for PWH and HIV-uninfected men (Fig. 2). The size of clonal hematopoiesis clones was 

greater in PWH than in HIV-uninfected men [median (Q1, Q3) = 0.79% (0.56, 1.4) vs. 

0.69% (0.58, 0.77), respectively] (Fig. 3), but this difference was not significant. The 

proportion of clonal hematopoiesis clones with VAF greater than 1% was 24/84 (28%) in 

PWH and 2/21 (9%) in HIV-uninfected men, a difference that was of borderline significance 

(P = 0.07).

The association of clonal hematopoiesis with cardiovascular disease, inflammation, and 
antiretroviral therapy in people with HIV

In order to determine the association between clonal hematopoiesis and subclinical CVD, 

we focused on clonal hematopoiesis with VAF greater than 1%. This decision was based 

on previous reports that clinically relevant outcomes were limited to clonal hematopoiesis 

with larger clones [40]. The association between any degree of coronary artery stenosis with 

clonal hematopoiesis in PWH was of borderline significance (P = 0.06, Fig. 4a). However, a 

moderate-to-severe coronary artery stenosis (≥50% stenosis), which is considered clinically 

significant, was significantly more common in PWH with clonal hematopoiesis compared 

with those without clonal hematopoiesis [6/20 (30%) vs. 6/64 (9%), respectively, P = 0.021, 

Fig. 4b]. This difference remained significant after adjustment for the ACC-AHA Pooled 

Cohort Equation [odds ratio (OR) = 5.4, 95% confidence interval (CI) 1.4–22.2, P = 0.015]. 

The presence of clonal hematopoiesis with VAF greater than 0.5% was not significantly 

associated with subclinical CVD in PWH (OR = 1.1, 95% CI 0.3–4.3, P = 0.92). Also, 

among those with stenosis, the number of coronary arterial segments involved did not differ 

between PWH with clonal hematopoiesis and PWH without clonal hematopoiesis [median 2 

(1, 4) vs. 2 (1, 4), respectively, P = 0.85]. As certain ARTs, particularly protease inhibitors, 

may contribute to increased CVD risk, we examined whether the association between clonal 

hematopoiesis and stenosis at least 50% was influenced by current or past use of protease 

inhibitors. Although the numbers were too small to be definitive, there was no evidence 
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that the association of clonal hematopoiesis with stenosis differed by protease inhibitor use 

(Supplementary Table 4, http://links.lww.com/QAD/C548).

As clonal hematopoiesis is a well recognized myeloid neoplasm precursor state, we 

examined the association between clonal hematopoiesis and various peripheral blood 

parameters. White blood cell count and both absolute and relative counts of neutrophils and 

lymphocytes did not differ significantly between men with and without clonal hematopoiesis 

in PWH (Supplementary Table 5, http://links.lww.com/QAD/C548).

Regarding the relationship of clonal hematopoiesis with chronic inflammation among 

PWH, there was no significant association between clonal hematopoiesis and serum 

concentrations of most of the inflammatory biomarkers studied, including cytokines 

implicated in the pathogenesis of CVD, such as CRP, IL-1β, IL-6. Interestingly, the 

presence of clonal hematopoiesis was significantly associated with lower serum leptin levels 

(Supplementary Table 6, http://links.lww.com/QAD/C548). However, this association was 

no longer significant after adjustment for abdominal or thigh subcutaneous fat area (P = 0.27 

and P = 0.11, respectively).

Given the potential genotoxicity of certain ART agents, we examined the association 

between clonal hematopoiesis and the receipt of receiving different classes of ART 

(Supplementary Table 7, http://links.lww.com/QAD/C548). No significant associations were 

observed.

Discussion

In this study of PWH and HIV-uninfected men in the MACS, PWH had a significantly 

higher prevalence of clonal hematopoiesis, by a factor of nearly 4 if a VAF cutoff of 1% 

was used to define presence of clonal hematopoiesis, and nearly 2 if a cutoff of 0.5% was 

used. This finding is consistent with results from two recent studies that have examined this 

question [23,24]. In the first study, Bick et al. [24] found a significantly higher prevalence 

of clonal hematopoiesis mutations in members of the Swiss HIV Cohort Study (SHCS) 

than in HIV-uninfected participants in the Atherosclerosis Risk in the Communities (ARIC) 

study, even after accounting for demographic differences between the cohorts (7 vs. 3%, 

respectively, P = 0.004). In the second report, Dharan et al., studying people older than 55 

years in the ARCHIVE cohort, found a higher prevalence of clonal hematopoiesis mutations 

among PWH than among HIV-uninfected people (28.2 vs. 16.8%, respectively; P = 0.004); 

both populations were predominantly, though not exclusively, MSM). It is worth noting that 

those studies defined clonal hematopoiesis using a VAF greater than 1% or utilized whole 

exome sequencing that frequently cannot detect clones with VAF less than 2%. The present 

study utilized an error-corrected sequencing approach that identified clones with VAF as 

low as 0.5%, extending the range of VAF at which clonal hematopoiesis has been found 

to be significantly more frequent in PWH than in HIV-uninfected men. This is consistent 

with previous reports that the prevalence of clonal hematopoiesis is directly proportional 

to the sequencing depth [40,41]. Notably, 35 of 86 (40%) PWH and 10 of 32 (31%) of HIV-

uninfected men had clonal hematopoiesis with VAF between 0.5% and 1%, and thus would 

have not been identified in previously published studies. This is important, as certain clinical 
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consequences, such as the propensity for myeloid malignancy, are determined not only by 

VAF but also by the specific genes mutated regardless of the clone size [28,40,42,43].

Interestingly, the frequency of CH with VAF greater than 1% in PWH was similar to that of 

Dharan et al. who used the same VAF cutoff (frequencies of 23.3 and 28.2%, respectively). 

However, we found a lower frequency of clonal hematopoiesis in HIV-uninfected individuals 

than Dharan et al. did (6.3 vs. 16.8%, respectively) [23]. This may reflect the fact that 

the current study population was significantly younger than that analyzed by Dharan et al. 
Additionally, the relatively small number of HIV-uninfected participants in the present study 

may have limited the precision of the observed frequency. In addition, the HIV-uninfected 

comparison group in the present study was composed exclusively of men who were similar 

to the PWH in demographics and HIV risk factors, thus providing a comparison group 

optimally balanced in biological, socioeconomic, and environmental risk factors as well 

as unknown variables associated with high-risk behaviors. For these reasons, the present 

study adds substantially to the evidence that HIV infection is associated with clonal 

hematopoiesis.

The most common clonal hematopoiesis mutations in the study by Bick et al. were ASXL1, 

TET2, and DNMT3A in the SHCS and DNMT3A, TET2, and ASXL1 in ARIC. In the 

ARCHIVE study, the most common clonal hematopoiesis mutations in both PWH and the 

HIV-uninfected population were the same as in the HIV-uninfected ARIC cohort in the Bick 

et al. study. In contrast with these studies, in which ASXL1 was among the most commonly 

mutated gene in PWH, this mutation was not present in either PWH or HIV-uninfected men 

in the present study. We also found that somatic mutations in certain genes, such as TP53 
and ARIDIA, were present only in PWH, and that DNMT3A mutations had a tendency to 

occur more frequently in PWH than in HIV-uninfected men, a fact not observed previously 

[23]. These discrepancies between the current and previously published studies may be 

because of a relatively limited cohort and exclusive enrollment of men from a high-risk 

population in the current study. Moreover, our analysis included small clones with VAF 

greater than 0.5% but less than 1.0%, and these constituted the vast majority of the clonal 

hematopoiesis mutations detected. Further studies are needed to examine the association 

between treated HIV infection and specific clonal hematopoiesis mutations.

In the non-HIV setting, clonal hematopoiesis has been associated with increased mortality, 

mostly because of cardiovascular causes [19,44,45]. In one study, the risk of cardiovascular 

events, such as ischemic stroke and myocardial infarction, was twice as high in clonal 

hematopoiesis carriers compared with clonal hematopoiesis noncarriers [21]. The most 

commonly mutated clonal hematopoiesis genes, that is, DNMT3A and TET2, influence 

monocyte activation, and this is presumed to be the mechanism for their effect on CAD and 

aging [21,22]. Other commonly mutated clonal hematopoiesis genes, such as ASXL1 and 

PPMID, also influence chronic inflammation, but the exact mechanism by which they may 

contribute to development of CAD remains to be determined [46,47]. In the present study, 

PWH who had clonal hematopoiesis had a significantly higher prevalence of moderate/

severe coronary artery stenosis than those who did not, and this remained significant after 

adjusting for the ACC-AHA Pooled Cohort Equation. This finding is consistent with the 

report by Bick et al. [24], who found a trend toward greater coronary artery disease in those 
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with clonal hematopoiesis, though details on how this was assessed were not provided, and 

may explain, at least partially, the higher incidence of CVD in PWH even after adjusting 

for traditional cardiovascular risk factors. The exact contribution of individual mutations to 

this risk could not be established in this study because of the limited number of PWH with 

specific clonal hematopoiesis mutations.

In animal models, clonal hematopoiesis was demonstrated to accelerate atherosclerosis 

mostly thorough activation of IL-1β and IL-6 signaling [21,22]. In people with clonal 

hematopoiesis, both pharmacological inhibition of IL-1β and genetic deficiency in IL-6 

signaling attenuated CVD [48,49], and clonal hematopoiesis was also associated with higher 

serum concentration of hs-CRP [50]. Additionally, in PWH, elevated circulating levels of 

sCD14 and sCD163 have been associated with CVD, rupture-prone plaques, and vascular 

inflammation [51–53]. In the present study, although PWH had significantly higher levels of 

sCD14 and sCD163 than HIV-negative men (data not shown), PWH with and without clonal 

hematopoiesis had similar levels of these markers. Reasons why these markers did not differ 

by clonal hematopoiesis, when they have been reported to differ by CAD, are unclear, but 

this finding could suggest that other mediators are involved in the development of CAD.

In the present study, PWH with and without clonal hematopoiesis did not differ significantly 

in serum levels of 34 cytokines and other inflammatory markers, except that leptin 

concentrations were significantly lower in PWH with clonal hematopoiesis. The mechanism 

of this association is unclear and deserves further study. It is noteworthy that the significance 

of this association was abrogated after adjusting for amount of fat in abdomen or thigh. 

Leptin signaling has been shown to play a significant role in myelopoiesis, lymphopoiesis, 

and HSC function in mice [54–56]. In humans, low leptin levels have been found in HIV 

lipodystrophy syndrome [45].

Van der Heijden et al. [57] recently reported that clonal hematopoiesis was associated with 

low CD4+ cell nadir, increased viral transcriptional activity, and elevated levels of d-dimer 

and von Willebrand factor (vWF). In the current study, CD4+ cell nadir was lower in PWH 

with clonal hematopoiesis than those without, but the difference was not significant (Table 

1). The level of D-dimer did not differ between these two groups (Supplementary Table 6, 

http://links.lww.com/QAD/C548). Neither viral transcription nor vWF was measured in our 

study. There are several possible explanations for the lack of significant association between 

clonal hematopoiesis and CD4+ cell nadir and D-dimer in the present study, as opposed to 

the observations by Van der Heijden et al.: those authors used a targeted 24-gene assay, 

rather than the broader, 92 genes evaluated in the present study; those authors used a VAF 

cut-off as low as 0.02% to define clonal hematopoiesis, whereas we used cutoffs of 0.5 

and 1%, so different populations of mutations were compared; if very low VAFs of clonal 

hematopoiesis mutations are associated with coagulation and CD4+ cell nadir, our results 

may have been biased toward the null. In addition, our study was somewhat smaller, and 

thus may have had lower power to find such associations.

The cause of clonal hematopoiesis in PWH is not entirely clear. In the general 

population, clonal hematopoiesis is significantly more prevalent in older individuals 

[19,20]. In addition to random acquisition of somatic mutations during HSC aging [58], 
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increased prevalence of clonal hematopoiesis has been attributed to smoking, ionizing 

radiation, genotoxic agents, infection, and inflammation [59–62]. HIV infection could 

promote clonal hematopoiesis in several ways, including by the chronic inflammation 

associated with virologically suppressed HIV infection [63,64], or indirectly as a result 

of immunodeficiency [65]. Reactivation of cytomegalovirus infection [66] and microbial 

translocation in the gastrointestinal tract [67] can further potentiate chronic inflammation 

and promote expansion of mutated hematopoietic clones [61]. It is possible that the chronic 

inflammatory environment in PWH might cause and/or select for hematopoietic stem 

cell clones harboring certain advantageous mutations. Another potential mechanism could 

be direct or indirect genotoxicity of ART [68–71]. Mutations in DNA-damage response 

pathway genes, for example, TP53, though rare in otherwise healthy individuals, may 

provide growth advantage in the setting of anticancer therapies [62]. It is also possible 

that ART may further select for clones that are inherently resistant to cytotoxic therapies, 

such as those carrying TP53 mutations. This may partially explain why PWH are at higher 

risk for myeloid malignancies [72]. In the current study, cumulative exposure to ART was 

not significantly associated with clonal hematopoiesis in PWH, but the study may not have 

been sufficiently powered to detect such an association, as discussed above.

A major strength of the present study is the analysis of both PWH and HIV-uninfected men 

from the MACS cohort, thus minimizing the potential effect of unmeasured risk factors 

for clonal hematopoiesis to which MSM are exposed. Moreover, using an error-corrected 

approach, we were able to determine the prevalence of clonal hematopoiesis with VAF 

greater than 0.5%. Limitations of the current study include a relatively modest number of 

subjects studied and the cross-sectional study design, as well as the significant difference in 

ethnic background between PWH and HIV-negative men. The data did not show an effect of 

ethnicity on clonal hematopoiesis but did not rule out such an effect. Additional limitations 

are that ART received by men in this study did not reflect modern ART regimens, and this 

study did not include women.

This study is the first report of frequency of clonal hematopoiesis in PWH and HIV-

uninfected MSM in the United States. Even though we observed a higher prevalence 

of clonal hematopoiesis in PWH and an association between clonal hematopoiesis 

and subclinical atherosclerosis, we recognize that analyses of well-characterized large 

prospective cohorts are needed to better define the incidence, biology and clinical 

consequences of clonal hematopoiesis in PWH. The results from such studies will provide 

a more precise CVD risk stratification and may lay the foundation for new preventive 

strategies in PWH.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1. Prevalence of clonal hematopoiesis and the most common clonal hematopoiesis mutations 
in people with HIV and HIV-uninfected men.
(a) Frequencies of CH with VAF cutoffs of greater than 0.5% (left) and >1% (right). 

The P values for differences between PWH and HIV-uninfected men are shown above the 

relevant bar pairs. (b) Frequencies for the most commonly mutated genes in PWH and 

HIV-uninfected men, expressed as the percentage of individuals tested. Only genes mutated 

in more than two individuals are included. Solid bars represent frequencies using a cutoff of 

VAF greater than 1%, and transparent bars represent frequencies using VAF 0.5–1%. CH, 

clonal hematopoiesis; PWH, people with HIV; VAF, variant allele frequency.
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Fig. 2. Numbers of clonal hematopoiesis mutations in people with HIV and HIV-uninfected men 
who had such mutations, at variant allele frequency cutoffs of greater than 0.5% and greater 
than 1%.
Dots represent individuals with CH. Dots are jittered for clarity. The p-values for differences 

between PWH (red) and HIV-uninfected men (blue) are shown above the comparisons. CH, 

clonal hematopoiesis; PWH, people with HIV.
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Fig. 3. Variant allele frequencies of the 15 most common clonal hematopoiesis mutations 
observed in people with HIV and HIV-uninfected men who had clonal hematopoiesis mutations.
Each dot represents the VAF of a CH mutation in the indicated gene in one study participant; 

red dots show data from PWH and blue dots data from HIV-uninfected men. Horizontal 

dashed lines indicate VAFs of 1 and 0.5%. CH, clonal hematopoiesis; PWH, people with 

HIV; VAF, variant allele frequencies.
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Fig. 4. Frequency of subclinical coronary artery disease in people with HIV, stratified by 
presence or absence of clonal hematopoiesis.
(a) Severity of CAD in PWH. Each dot represents data from one participant. Dots are jittered 

for clarity. (b) Bar representation of the prevalence of subclinical CAD in PWH. Subclinical 

CAD was defined as stenosis at least 50% in any of 15 coronary artery segments analyzed 

per study participant. Clonal hematopoiesis was defined as the presence of any CH mutation 

with a VAF greater than 1%. The P value comparing PWH with and without CH is shown 

above the bars. CAD, coronary artery disease; PWH, people with HIV; VAF, variant allele 

frequency.
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