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Clonal Hematopoiesis and Cardiovascular Events in 
Patients with ESKD on Hemodialysis
Results from the VIVALDI Study

Cornelia Englisch , 1 Oliver Königsbrügge , 1 Rafaela Vostatek , 1 Marcus Säemann, 2 Sabine Schmaldienst, 3

Ingrid Pabinger , 1 Roland Jäger , 4 and Cihan Ay 1

Key Points
c The prevalence of clonal hematopoiesis in patients with ESKD on hemodialysis was 7%.
c Clonal hematopoiesis was not associated with stroke, myocardial infarction, or venous thromboembolism. 
c Clonal hematopoiesis was associated with vascular access thrombosis.

Abstract
Background Patients with ESKD on hemodialysis are at high risk for cardiovascular complications. Clonal 
hematopoiesis (CH), defined as clonal expansion of hematopoietic stem cells due to acquired mutations, was shown to 
be associated with cardiovascular events, but this association was not yet assessed in patients with impaired kidney 
function.

Methods Our aim was to investigate the CH-associated mutation prevalence in patients with ESKD on hemodialysis 
included in the population-based prospective observational Vienna InVestigation of AtriaL Fibrillation and thrombo-
embolism in hemoDIalysis (VIVALDI) study and to assess an association between CH and cardiovascular outcomes. 
Peripheral blood DNA samples collected at study inclusion were screened for CH-associated mutations.

Results Five hundred seventy patients were analyzed (median age, 66 years [interquartile range [IQR], 55–75];
37.1% female). The median follow-up time was 39 months (IQR, 35–41). We detected 44 CH-associated variants in 
40 patients (7%), most commonly in the gene DNMT3A (43%), TET2 (18%), and TP53 (18%). Patients with CH were older 
(75 [IQR, 68–80] versus 65 [IQR, 54–74] years, P , 0.001) and had longer cumulative dialysis time (4 [IQR, 1.0–4.0] versus
2 [IQR, 1.9–5.5] years, P 5 0.02). CH was not associated with stroke (subdistribution hazard ratio [SHR], 0.25; 95% 
confidence interval [CI], 0.04 to 1.84), myocardial infarction (SHR, 0.90; 95% CI, 0.20 to 4.13), three-point major adverse 
cardiovascular events (SHR, 0.65; 95% CI, 0.33 to 1.28), or venous thromboembolism (SHR, 1.68; 95% CI, 0.35 to 8.12) risk. 
Patients with CH exhibited a higher risk of vascular access thrombosis (SHR, 2.47; 95% CI, 1.34 to 4.56) and patients with 
non-DNMT3A CH present with a higher all-cause mortality risk (hazard ratio, 1.71; 95% CI, 1.03 to 2.85).

Conclusions Seven percent of patients with ESKD on hemodialysis presented with CH. There was no association between 
CH and stroke, myocardial infarction, or venous thromboembolism. CH was associated with vascular access thrombosis. 
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Introduction
Patients with ESKD are at high-risk for cardiovascular 
complications. 1,2 Particularly those undergoing hemodial-
ysis frequently suffer from cardiovascular disease, with

cardiovascular events and associated cardiovascular mor-
tality being the leading cause of death in this population. 3,4 

Patients with ESKD not only face a significantly higher 
risk of cardiovascular events in the arterial system but
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also the risk of venous thromboembolism (VTE) rises as 
kidney function declines, 5,6 with the highest risk observed 
in patients on hemodialysis. 7 The clinical management 
of patients with ESKD is particularly difficult, as their 
bleeding risk is also elevated. 8 Furthermore, common 
comorbidities such as atrial fibrillation (AF) require anti-
coagulation for stroke prevention, complicating the clin-
ical management, as anticoagulation increases the risk of 
bleeding. 9 Therefore, a well-planned strategy is necessary 
to balance both risks to ensure clinical benefit. 10 Cur-
rently, there is a lack of validated risk assessment tools, 
for both thromboembolic/ischemic and hemorrhagic 
complications, in patients with ESKD. Therefore, im-
proved knowledge of risk factors for cardiovascular 
outcomes, especially thromboembolic complications, 
is desired to improve clinical decision making regarding 
optimal patient selection for preventive strategies.
Clonal hematopoiesis (CH) is defined as clonal expan-

sion of a subset of hematopoietic stem cells due to ac-
quired somatic mutations—most commonly in the genes 
DNMT3A, TET2, and ASXL1—providing them with a 
survival benefit or proliferative advantage. 11 CH was 
reported to be prevalent in the general aging population 
and was shown to be associated with higher risk of all-
cause mortality. 12 Previous research indicates that CH is 
not only associated with cardiovascular diseases, such as 
myocardial infarction, coronary artery disease, periph-
eral artery disease, stroke, or VTE, but also with impaired 
kidney function. 13–16 Moreover, it was reported that CH 
is associated with AKI and GFR decline in patients with 
CKD. 17 –19 Data from a mouse models further indicate a 
causal link between CH and kidney injury. 19 However, 
studies investigating CH-associated mutations in patients 
with ESKD on hemodialysis are lacking so far, and po-
tential associations with cardiovascular events such as 
myocardial infarction, stroke, or VTE are unknown in 
this patient population.
Therefore, we aimed at assessing the prevalence of CH 

in a population-based cohort study of patients with ESKD 
on hemodialysis, in which detailed follow-up information 
on cardiovascular outcomes is available. Furthermore, we 
aimed at investigating a possible association between CH 
and arterial cardiovascular events, particularly major ad-
verse cardiovascular events (MACE), VTE, and all-cause 
mortality. Moreover, we analyzed whether routine labora-
tory and hemostatic parameters, and biomarkers of biologic 
aging differ according to CH carrier status.

Methods
Patient Cohort
This project was performed within the framework of the 

Vienna InVestigation of AtriaL Fibrillation and thrombo-
embolism in hemoDIalysis study, a prospective multicenter 
population-based cohort study. Patients with ESKD on 
hemodialysis were recruited in a cross-sectional fashion 
between April 2014 and July 2015 at seven dialysis centers 
in Vienna, Austria. Details about the cohort have been 
published previously. 7,9 In brief, all adult patients with 
ESKD receiving hemodialysis in Vienna, except patients 
who were pregnant, lactating, currently hospitalized, or 
serving a prison term, were eligible for inclusion. At study

inclusion, a trained study investigator performed personal, 
structured interviews, and verified findings with medical 
documentation of the participating dialysis centers and in 
consensus with the treating nephrologists. After enroll-
ment, patients were prospectively followed during routine 
hemodialysis visits for a maximum of 1350 days and the 
occurrence of outcomes was assessed with one interim and 
one final personal interview and review of medical docu-
mentation at the dialysis centers. 9 Patients undergoing 
kidney transplantation were censored at this time point 
(N5106) and one patient was lost to follow-up.
The Vienna InVestigation of AtriaL Fibrillation and 

thromboembolism in hemoDIalysis study was approved 
by the local ethics committees (EC Number: 1146/2014), 
was conducted in accordance with the Declaration of Hel-
sinki, and all participants provided written informed con-
sent. We analyzed 602 patients with available whole blood 
samples from study inclusion, of which 32 had to be 
excluded from analyses due to insufficient read coverage 
in the sequencing analysis.

Outcomes of Interest
For the current analysis, the primary outcomes of in-

terest were cardiovascular events including ischemic 
stroke, myocardial infarction, three-point MACE (com-
prising myocardial infarction, ischemic stroke, and car-
diovascular death), and VTE (comprising deep vein 
thrombosis of the lower and upper extremity [also 
when catheter-associated] and pulmonary embolism). 
Secondary outcomes of interest included vascular access 
thrombosis (thrombosis of the arteriovenous fistula or 
graft), cardiovascular death, de novo AF, and all-cause 
mortality. All outcomes were adjudicated by indepen-
dent experts from the respective fields, including neurol-
ogy, cardiology, vascular medicine, and hematology.

Targeted Resequencing
DNA was isolated from patients' peripheral blood sam-

ples using the Maxwell RSC Blood DNA Kit on a Maxwell 
RSC Instrument (all Promega, Vienna, Austria). Laboratory 
parameter and biomarker measurements are described in 
detail in the supplement.
Library preparation for targeted resequencing of selected 

genomic regions including hotspots for CH-associated mu-
tations (DNMT3A, TET2, ASXL1, JAK2) was performed, as 
previously described, 20 and expanded to include screening 
of selected DNA damage repair genes (PPM1D, CHEK2, 
and TP53). 21 A more detailed description is available in 
the supplement.

Variant Annotation and Filtering
For variant annotation, RefSeq was selected. Variants 

were filtered, as previously described. 20 In brief, the 
following inclusion criteria were used: variant site 
depth .100, variant reported as somatic in the cata-
logue of somatic mutations in cancer, 22 population allele 
frequency ,0.1% in gnomAD databases, 23 protein cod-
ing, nonsynonymous, variant allele frequency between 
2% to 40% and 60% to 90% (except for JAK2 V617F muta-
tions, where all VAF $2% was accepted). For variants 
passing filters applied on the screening run, samples 
were rerun to confirm validity at adjusted filter settings
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(inclusion criteria for validation run: variant site 
depth $200, VAF $1%). While variants not passing the 
validation criteria were removed, variant call characteris-
tics including VAFs for validated variants were exported 
from the screening run.

Statistical Analysis
All statistical analysis was performed using SPSS (ver-

sion 28.0, IBM SPSS Statistics, Chicago, IL) and R Studio 
(version 4.2.3, Vienna, Austria). Standard statistical sum-
mary modes were used to depict patient characteristics 
(absolute and relative frequencies, median, interquartile 
range [IQR]). The a level was set at 0.05. Follow-up time 
was calculated with the reverse Kaplan-Meier method. 
Between-group differences were assessed with a Mann– 

Whitney U test or a chi-square test as appropriate. All-
cause mortality was assessed with a Kaplan-Meier analysis 
and compared using a log-rank test. Furthermore, Cox 
regression analysis was performed to assess the association 
between CH and death. This analysis was additionally 
adjusted to age, sex, AF, cancer, coronary heart and pe-
ripheral artery disease, and cumulative time on dialysis 
based on previous data.
Owing to the high mortality rate in our cohort, cardio-

vascular and thrombotic outcomes were assessed in a 
competing risk framework with all-cause mortality as com-
peting event of interest. Furthermore, cardiovascular mor-
tality was assessed in a competing risk framework as well, 
with death due to any other cause being the competing 
event of interest. Moreover, a proportional subhazard re-
gression model according to Fine and Gray was conducted. 
The analysis assessing the association between CH and 
VTE/vascular access thrombosis was adjusted for age, sex, 
body mass index (BMI), AF, history of VTE, cancer, and 
cumulative time on dialysis. The analysis evaluating the 
association between CH and de novo AF was adjusted to 
age, sex, BMI, coronary heart disease, peripheral artery 
disease, cancer, and cumulative time on dialysis. The anal-
yses for stroke, myocardial infarction, three-point MACE, 
and cardiovascular death were additionally adjusted to AF. 
Selection of confounders was based on previous data and 
domain knowledge.
For the exploratory biomarker analysis, a Mann–Whit-

ney U test was performed. Sensitivity analyses were also 
conducted, focusing solely on non-DNMT3A driven CH to 
assess its association with clinical outcomes of interest and 
excluding patients with a history of chronic lymphocytic 
leukemia (CLL).

Results
Patient Characteristics
Overall, we included 570 patients with a median age of 

66 years (IQR, 55–75), of which 212 (37%) were female. 
Most patients (96%) were of White race, and the most 
common reasons for ESKD were diabetic nephropathy 
(25%), vascular nephropathy (19%), and glomerular 
sclerosis/nephritis (14%). Detailed patient characteristics 
at study inclusion are summarized in Table 1.

Detection of CH-Associated Mutations
We detected 44 CH variants in 40 patients (7%), with 

two patients carrying two mutations and one patient

carrying three mutations. The median variant allele fre-
quency of the 44 variants was 6% (IQR, 2.9–14.1), and the 
most commonly mutated genes were DNMT3A (43%), 
TET2 (18%), and TP53 (18%). Most variants were single-
nucleotide variants (96%) and missense mutations (73%, 
Figure 1). Of note, no mutation in the ASXL1 gene was 
detected (Supplemental Table 1).
Patients with CH were older than patients without CH 

(75 [IQR, 68–80] versus 65 [IQR, 54–74] years; P , 0.001). 
In addition, individuals with CH had a longer median time 
on dialysis than those without CH (4 [IQR, 1.0–4.0] versus 
2 [IQR, 1.9–5.5] years; P 5 0.02; Table 1). Furthermore, they 
were borderline significantly more likely female and to 
suffer from AF at study inclusion (Table 1). Patients with 
CH were equally likely to be current smokers or have a 
history of cancer or active cancer (Table 1). Of the nine 
patients with a history of or active cancer with CH, five 
carried a DNMT3A, two a PPM1D, and one each a TET2 or 
TP53 mutation. The etiology of ESKD did not differ ac-
cording to CH carrier status, and patients with a history of 
kidney transplantation or intake of immunosuppressive 
agents at study inclusion were equally likely to be CH 
carriers (Table 1).

CH and Its Association with Primary Outcomes of Interest
Over a median follow-up time of 39 months (IQR, 35– 

41), we observed 39 (7%) strokes, 34 (6%) myocardial 
infarctions, 22 (4%) VTE events, and MACE in 142 (25%) 
patients. This translated into a 12- and 24-month cumula-
tive incidence of stroke of 2.6% (95% confidence interval 
[CI], 1.2 to 3.9) and 5.0% (95% CI, 3.1 to 6.8), myocardial 
infarction of 2.7% (95% CI, 1.4 to 4.1) and 4.7% (95% CI, 2.9 
to 6.5), three-point MACE of 11.5% (95% CI, 8.8 to 14.1) 
and 18.6% (95% CI, 15.3 to 21.9), and VTE of 1.6% (95% CI, 
0.6 to 2.7) and 2.5% (95% CI, 1.1 to 3.8).
CH was neither associated with risk of stroke (adjusted 

subdistribution hazard ratio [SHR], 0.25; 95% CI, 0.04 to 
1.84), risk of myocardial infarction (adjusted SHR, 0.90; 
95% CI, 0.20 to 4.13), three-point MACE (adjusted SHR, 
0.65; 95% CI, 0.33 to 1.28), nor VTE (adjusted SHR, 1.68; 
95% CI, 0.35 to 8.12). Correspondingly, the cumulative 
incidence of these outcomes did not differ between patients 
with CH carrier and noncarrier status (Figure 2 and 
Supplemental Table 2). The multivariable models, progres-
sively adjusted for potential confounders, are summarized 
in Supplemental Figure 1.
The sensitivity analysis including only non-DNMT3A 

driven CH and the analysis excluding patients with history 
of CLL revealed very similar results, which are summa-
rized in the Supplemental Tables 3 and 4.

CH and Its Association with Secondary Outcomes
of Interest
Furthermore, we observed 95 (17%) vascular access 

thrombosis events. This translated into a 12- and 24-
month cumulative of vascular access thrombosis incidence 
of 8.2% (95% CI, 5.9 to 10.4) and 13.1% (95% CI, 10.2 to 
16.0). De novo AF was observed in 66 (12%) patients during 
follow-up, with a 12- and 24-month cumulative incidence 
of 4.7% (95% CI, 3.0 to 6.5) and 8.9% (95% CI, 6.5 to 11.2). 
CH was not associated with risk of de novo AF (adjusted 

SHR, 0.77; 95% CI, 0.32 to 1.88) and the 24-month
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cumulative incidence did not differ between patients with 
and without CH (10.3% versus 8.8%, P 5 0.72; Figure 3A). 
Remarkably, CH carrier status was significantly associ-

ated with risk of vascular access thrombosis (SHR, 2.12; 
95% CI, 1.16 to 3.88), also when adjusting for age, sex, BMI, 
AF, history of VTE, cancer, and cumulative time on dialysis 
(adjusted SHR, 2.47; 95% CI, 1.34 to 4.56) and patients with 
CH showed a higher 24-month cumulative vascular access 
thrombosis incidence (23.4% versus 12.3%; P 5 0.01, 
Figure 3B and Supplemental Table 2). Supplemental 
Figure 2 summarizes the multivariable models with step-
wise adjustments for potential confounders.
The sensitivity analyses including only non-DNMT3A 

driven CH or excluding patients with history of CLL are 
summarized in Supplemental Tables 3 and 4.

CH and Its Association with Survival
During the observation period, 231 (41%) patients died, 

of which 94 (17%) died due to a cardiovascular reason.

The corresponding 12- and 24-month overall survival 
was 85.1% (95% CI, 82.1 to 88.1) and 72.0% (95% CI, 
68.2 to 75.9), and the 12- and 24-month cumulative in-
cidence of cardiovascular death was 6.9% (95% CI, 4.8 to 
9.0) and 11.9% (95% CI, 9.2 to 14.6).
There was a tendency that patients with CH exhibited 

an impaired overall-survival compared to those without 
CH (12- and 24-month survival: 79.3% versus 85.5% and 
63.2% versus 72.7%, respectively, P 5 0.09; Figure 4A). 
There was no significant association between CH and 
risk of all-cause mortality (HR, 1.49; 95% CI, 0.95 to 2.34), 
especially after adjusting for patient characteristics and 
time on dialysis (adjusted HR, 1.12; 95% CI, 0.71 to 1.77). 
Furthermore, the incidence of cardiovascular death did 
not differ between individuals with and without CH 
carrier status (12-month and 24-month cumulative inci-
dence: 2.6% versus 7.2% and 10.4% versus 12.0%, re-
spectively, P 5 0.39, Figure 4B). CH was not associated 
with risk of cardiovascular death in multivariable

Table 1. Patient characteristics at study inclusion overall and stratified according to their clonal hematopoiesis carrier status

Patient Characteristics n of Available Data Overall (n5570) No CH (n5530) CH (n540)

Female 570 212 (37) 192 (36) 20 (50)
Age (yr) 570 66 (55–75) 65 (54–74) 75 (68–80)
BMI (kg/m 2 ) 570 25.5 (22.3–29.4) 22.4 (25.6–29.4) 25.3 (21.7–30.8)
Ethnicity 570
African, African American, or African Caribbean 10 (2) 10 (2) 0
Asian or pacific islander 13 (2) 13 (3) 0
Caucasian 547 (96) 507 (96) 40 (100)

Median follow-up time (mo) 39 (35–41) 39 (35–41) 40 (33–42)
Etiology of ESKD 570
Diabetic nephropathy 145 (25) 133 (25) 12 (30)
Vascular nephropathy 109 (19) 101 (19) 8 (20)
Glomerular sclerosis/nephritis 78 (14) 75 (14) 3 (8)
Other 56 (10) 52 (10) 4 (10)
Atrophic nephropathy 50 (9) 43 (8) 7 (18)
Cystic nonhereditary nephropathy 35 (6) 34 (6) 1 (3)
Toxic nephropathy 27 (5) 26 (5) 1 (3)
Hereditary nephropathy 26 (5) 24 (5) 2 (5)
Nephrectomy 19 (3) 18 (3) 1 (3)
Interstitial nephropathy 16 (3) 15 (3) 1 (3)
Unknown 9 (2) 9 (2) 0

Time on dialysis (yr) 570 2 (1–4) 2 (1.0–4.0) 4 (1.9–5.5)
Comorbidities
Atrial fibrillation 570 151 (26) 137 (26) 16 (40)
Arterial hypertension 570 524 (92) 486 (92) 38 (95)
History of kidney transplantation 570 84 (15) 81 (15) 3 (8)
History of or active cancer a 570 137 (24) 128 (24) 9 (23)
History of stroke or TIA 570 114 (20) 103 (19) 11 (28)
History of MI 570 92 (16) 88 (17) 4 (10)
History of coronary heart disease 570 213 (37) 201 (38) 12 (30)
History of VTE 570 56 (10) 50 (9) 6 (15)
Peripheral artery disease 570 179 (31) 162 (31) 17 (43)
Liver disease 570 132 (23) 124 (23) 8 (20)
Diabetes mellitus 570 217 (38) 199 (38) 18 (45)
Current smoking 561 281 (49) 265 (50) 16 (40)

Use of immunosuppressive agent 567 41 (7) 39 (7) 2 (5)

Values are presented as absolute numbers (percentages) or median (interquartile range). Percentages are calculated per column. BMI, 
body mass index; CH, clonal hematopoiesis; MI, myocardial infarction; TIA, transient ischemic attack; VTE, venous 
thromboembolism.
a Prostate (n523), skin (n519), kidney (n518), bladder and urothelial (n514), breast (n512), colorectal (n510), thyroid and para-
thyroid (n55), gynecologic (n55), multiple myeloma (n55), gastroesophageal (n54), lung (n54), brain (n54), lymphoma (n53), 
chronic lymphocytic leukemia (n53), head and neck (n52), hepatobiliary (n52), adrenal gland (n52), pancreatic (n51), and testicular 
(n51) cancer.
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analysis (adjusted SHR, 1.06; 95% CI, 0.53 to 2.10, 
Supplemental Table 5). Supplemental Figure 3 presents 
the multivariable models with sequential adjustments for 
potential confounders.
Although excluding patients with a history of CLL re-

vealed comparable results, a significant association be-
tween non-DNMT3A CH and all-cause mortality was 
revealed (Supplemental Tables 6 and 7).

CH and Its Association with Laboratory Parameters and 
Biomarkers of Hemostasis, Inflammation, and Aging
First, we analyzed differences of blood count parameters 

in individuals with CH compared with those without CH. 
Hemoglobin, red cell distribution width, platelet, leukocyte 
counts, albumin, and LDL-cholesterol levels did not differ 
according to the presence of CH carrier status (Table 2). 
C-reactive protein (CRP) levels were similar in patients 
with and without CH. When assessing hemostatic bio-
markers according to CH carrier status, we did not observe 
a difference in fibrinogen, D-dimer, and soluble P-selectin 
(sP-selectin) levels (Table 2). Finally, we investigated 
whether markers of biologic aging were associated with 
CH. However, both telomere length and mtDNA levels 
were not significantly different in patients with and with-
out CH (Table 2).

Discussion
In our cohort study, CH was found in 7% of patients 

with ESKD on hemodialysis. There was a trend that indi-
viduals with CH exhibited a poor overall-survival and 
patients with CH had a higher risk of vascular access 
thrombosis. By contrast, the presence of CH was not as-
sociated with risk of stroke, myocardial infarction, de novo 
AF, MACE, VTE, or cardiovascular death.
The rationale of our investigation is based on the fact 

that CH was shown to be associated not only with car-
diovascular events but also with declining kidney func-
tion. 13–15,17–19 Early studies investigating CH noted that 
patients with CH presented with lower GFR and more 
commonly CKD. 24–26 More recently, it was reported that 
CH is associated with AKI and a decline in GFR in patients 
with CKD. 17–19 A causal link between kidney injury and 
CH emerged from studies using TET2 and DNMT3A-
deficient mouse models, 13,27 demonstrating enhanced 
foam-cell accumulation and glomerulosclerosis in the kid-
ney, along with enhanced kidney fibrosis after angiotensin 
II infusions, respectively. 13,27 In addition, a mouse model 
with acute ischemic kidney injury exhibited a more se-
verely impaired kidney function, higher markers of tubular 
injury, elevated inflammation markers including IL-1b, 
and subsequently more fibrosis development in the
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presence of TET2-driven CH. 19 As patients with impaired 
kidney function face a high cardiovascular risk, 1,2 we 
aimed to investigate whether CH has an influence on 
this elevated risk, especially as no CH studies in patients 
with ESKD on hemodialysis were conducted so far.
We observed a CH prevalence of 7% in our study of 

patients with ESKD on maintenance hemodialysis. In gen-
eral, a CH frequency of around 2%–7% was observed in 
individuals in their 60s, while it was about 10% in those 
70 years or older. 28 Interestingly, previous data indicated 
that patients with CKD have a higher prevalence of CH 
compared with those without, across different age groups 
with, e.g., a frequency of nearly 11% seen in those aged 65– 
74 years. 29 Similar to previous reports, patients with CH 
were older than those without 30–32 and had a longer prior 
cumulative time on dialysis in our cohort. One reason for 
this observation could be that age and cumulative time on 
dialysis are associated. Another reason could be that longer 
exposure to uremic toxins might lead to a proinflammatory 
environment that facilitates the expansion of clones in the 
bone marrow. This hypothesis is supported by studies 
showing that an inflammatory environment might pro-
mote TET2 and DNMT3A clone expansion. 33,34 In fact, 
DNMT3A and TET2 were the most prevalent CH-
associated mutations in our study. Furthermore, previous

data showed that chronic inflammation associates with 
higher risk of disease progression and mortality in patients 
with CKD. 35–37 Only patients with non-DNMT3A driven 
CH had a poor overall survival, which is in contrast to 
previous studies reporting an elevated mortality risk with 
CH, regardless of mutation. 12,38 Given our medium-sized 
cohort with diverse ESKD etiologies, larger studies are 
needed to further explore the association between CH 
and mortality in hemodialysis patients, including potential 
interactions with different CKD etiologies.
One of our major findings is that CH was not associated 

with cardiovascular events including stroke, myocardial in-
farction, or MACE, in patients with ESKD on hemodialysis, 
which is in contrast to studies in the general population. 12,13 

This may be due to the already high cardiovascular risk in 
ESKD, driven by prevalent traditional risk factors such as 
such as diabetes, hypertension, and smoking in our cohort. 
Patients with ESKD on hemodialysis suffer from accelerated 
atherosclerosis 39 and exhibit chronic inflammation that fur-
ther enhances their risk of cardiovascular diseases. 40,41 Fur-
thermore, the high AF prevalence in our cohort predisposes 
patients to cardiovascular events, e.g., stroke. 42 Synoptically, 
in this population, stronger risk factors may overshadow a 
potential milder influence of CH, and the high competing 
risk of all-cause mortality must also be considered.
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Figure 2. Clonal hematopoiesis and its association with primary outcomes of interest. Cumulative stroke (A), myocardial infarction 
(B), major adverse cardiovascular event (C), and VTE (D) incidence stratified according to CH carrier status. Patients were divided into 
two groups according to CH carrier status, and the two groups were compared within a Fine and Gray subdistribution hazard model. 
AF, atrial fibrillation; MACE, major adverse cardiac event; VTE, venous thromboembolism. Figure 2 can be viewed in color online at 
www.cjasn.org.
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Studies investigating the link between CH and venous 
thrombosis are limited. CH was not associated with VTE in 
our cohort of patients with ESKD on hemodialysis. How-
ever, there was a significant association between presence 
of CH and vascular access thrombosis, which is one of the 
most frequent and challenging complications in patients on 
chronic hemodialysis. In a previous analyses, vascular ac-
cess complications were one of the most common reasons 
for hospitalization. 43 Generally, it is thought that mainly 
anatomical reasons and/or surgical techniques are the main 
drivers of vascular access thrombosis and other risk factors 
were rarely reported so far. In a previous study, we ob-
served that toxic nephropathy is associated with a higher 
risk of vascular access thrombosis. 7 In our present analysis, 
we found an association between CH and vascular access 
thrombosis that was independent of other risk factors. Un-
fortunately, we are unable to offer insight into the under-
lying mechanism(s), but we hypothesize that CH-associated

mutations may also directly affect endothelial cells. 44 Pre-
viously, higher expression of P-selectin was observed in a 
TET2 CH mouse model, 45 indicating the presence of acti-
vated and prothrombotic endothelial cells. This could sub-
sequently lead to thrombus formation at sites where 
activation of the endothelium and hemostatic system al-
ready exists, such as at foreign surfaces of vascular access 
devices or native shunts. Thus, this observation needs to be 
further investigated and validated in independent studies 
in the future.
In our study, CH was not clearly associated with AF. 

However, prior research suggests an association between 
CH and AF, 46–48 potentially mediated by a CH-related 
proinflammatory state, which may lead to cardiac remodel-
ing, 47 and arrhythmogenic mechanism, as seen in TET2-
deficient mice. 48 The elevated risk of AF in patients with 
ESKD is attributed to inflammation, electrolyte abnormali-
ties, anemia, uremia, diastolic dysfunction, and postcapillary
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Figure 3. Clonal hematopoiesis and its association with secondary outcomes of interest. Cumulative incidence of de novo AF (A) and 
vascular access thrombosis (B) stratified according to the presence of CH. Patients were divided according to CH presence into two 
group and those were compared within a Fine and Gray subdistribution hazard model. Figure 3 can be viewed in color online at 
www.cjasn.org.
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hypertension 49 ; factors that partly overlap with CH sugges-
ted pathomechanisms. This overlap may have masked the 
effect of CH on AF risk in our study, highlighting the need 
for further investigations into shared mechanisms. 
Laboratory parameters (e.g., hemoglobin, blood counts) 

did not differ according to CH carrier status in our study, 
in contrast to previous reports. 25 Similarly, hemostatic bio-
marker (D-dimer, fibrinogen, sP-selectin) and CRP levels 
were comparable between groups, despite prior findings of 
elevated CRP levels in CH carriers. 25,50 Given the presence

of chronic inflammation in patients with ESKD, 40,41 this 
may have masked any effect of CH on CRP levels. In 
addition, we explored a potential link between and bio-
logic aging markers (mtDNA levels, telomere length 51 ) due 
to reports of an association between telomere attrition and 
CKD risk 52 ; we were interested to further analyze a po-
tential linkage to CH in our present study but found 
no difference.
We would like to highlight some limitations of our 

study. First, we screened a medium-sized cohort; thus,
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Figure 4. Clonal hematopoiesis and its association with all-cause and cardiovascular mortality. Overall survival (A) in patients with 
and without CH and cumulative cardiovascular death (B) incidence according to CH carrier status. Patients were divided according to 
their CH carrier status and the overall survival was compared within a Kaplan-Meier analysis using a log-rank test, while car-
diovascular death incidence was compared with a Fine and Gray subdistribution hazard model. Figure 4 can be viewed in color 
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we were restricted in our ability to analyze the association 
between outcomes of interest and individual CH mutations 
in more detail. Nevertheless, a major strength of our study 
is the prospective design, and to the best of our knowledge, 
this is the first study that assessed the association between 
CH and cardiovascular risk in patients with ESKD on 
hemodialysis. However, further studies with a higher sam-
ple size are needed to support our findings, as the power of 
our study might have been too low to draw definite 
conclusions. Owing to a lack of availability, we could 
not confirm our results in a second independent cohort. 
Second, to investigate an association between CH and 
inflammation, only CRP levels were available, and we 
could not include specific proinflammatory markers such 
as IL-6 or IL-1b in our analysis. Third, our analyses were 
restricted to mutational hotspots within selected genes, 
potentially resulting in an underestimation of CH frequen-
cies. Nevertheless, the genomic regions included in our 
screening assay comprise most mutations described in 
previous pivotal studies of CH. 12 Our observed CH prev-
alence may have been lower than expected; however, direct 
comparisons between different methodologic approaches 
are challenging. Furthermore, given the high mortality 
risk in patients with CKD, survivorship bias may have 
influenced the CH prevalence observed in our study.
In summary, as expected, CH was prevalent in our 

cohort of patients with ESKD on hemodialysis. Although 
CH was not associated with cardiovascular events, such as 
stroke, myocardial infarction, VTE, or cardiovascular end-
points (MACE), it was independently associated with risk 
of vascular access thrombosis. Future research to investi-
gate a causal link between CH and clinical outcomes, 
especially vascular access thrombosis, in patients with 
ESKD on hemodialysis is needed.
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Supplemental Table 1. Overview of detected variants.

Table 2. Laboratory values, inflammatory, hemostatic, and biologic aging biomarker levels in patients with and without clonal 
hematopoiesis

Laboratory Value/Biomarker Overall (n5570) No CH (n5530) CH (n540)

Hemoglobin (g/dl) 10.9 (10–11.7) 10.9 (10–11.7) 10.9 (10.2–12.2)
RDW (%) 15.9 (14.6–18.0) 15.9 (14.6–18.0) 14.8 (14.1–18.0)
Platelets (10 9 /L) 210 (169–258) 212 (169–258) 195 (166–257)
Leucocytes (10 9 /L) 6.4 (5.2–8.0) 6.4 (5.2–8.0) 6.4 (5.2–8.8)
Albumin (mg/dl) 39.0 (36.0–41.8) 39.0 (36.0–41.7) 38.6 (35.7–42.2)
LDL-cholesterol (mg/dl) 77.2 (58.4–104.4) 77.7 (59.0–105.1) 72.4 (54.6–97.0)
CRP (mg/dl) 0.51 (0.20–1.30) 0.49 (0.21–1.27) 0.74 (0.20–1.65)
Fibrinogen (mg/dl) 383 (322–456) 382 (321–458) 388 (330–440)
D-dimer (mg/ml) 0.88 (0.50–1.69) 0.86 (0.5–1.64) 1.29 (0.56–2.41)
sP-selectin (ng/ml) 36.95 (28.36–48.38) 36.95 (28.33–48.54) 37.18 (29.5–43.1)
Telomere length (kb) 2.54 (0.95–36.46) 2.65 (0.95–40.13) 1.43 (0.93–8.57)
mtDNA (per diploid cell) 413.79 (46.22–1476.87) 401.77 (46.25–1412.49) 816.93 (61.14–1726.32)

Data presented as median (interquartile range). CH, clonal hematopoiesis; CRP, C-reactive protein; RDW, red cell distribution width.
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Supplemental Table 2. Association between CH (n540) and 
clinical outcomes of interest. 
Supplemental Table 3. Association between non-DNMT3A CH 

(n523) and clinical outcomes of interest. 
Supplemental Table 4. Association between CH (n539) and 

clinical outcomes of interest excluding patients with CLL. 
Supplemental Table 5. Association between CH (n540) and all-

cause mortality and cardiovascular mortality. 
Supplemental Table 6. Association between non-DNMT3A CH 

(n523) and all-cause mortality and cardiovascular mortality. 
Supplemental Table 7. Association between CH (n539) and all-

cause mortality and cardiovascular mortality excluding pa-
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Supplemental Figure 1. Multivariable models assessing the as-

sociation between CH and stroke (A), myocardial infarction (B), 
MACE (C), and VTE (D). 
Supplemental Figure 2. Multivariable models assessing the as-

sociation between CH and de novo AF (A) and vascular access 
thrombosis (B). 
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