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Abstract

Aims Clonal haematopoiesis of indeterminate potential (CHIP)-associated mutation is a risk factor for the development of
ischaemic cardiomyopathy (ICM), but its association with non-ischaemic dilated cardiomyopathy (DCM) remains unclear.
We aimed to determine the prevalence of CHIP in patients with DCM and define its risk for disease progression.
Methods and results Next-generation sequencing targeting 54 common CHIP-associated genes was performed in 48 ICM
and 52 DCM patients. The patients were monitored for a median of 3.1 years, and a COX proportional hazards model was used
to examine the association between CHIP and adverse clinical outcome with regard to all-cause death or all-cause hospitali-
zation. Overall, the prevalence of CHIP mutations was 19% and 13% in DCM and ICM, respectively. Seventeen per cent of
ICM patients over 75 years were CHIP carriers. In DCM cohort, mutation event had already been observed in the patients
who were under the age of 45 (13%). Among 54 genes analysed, DNMT3A had the highest mutation frequency, followed
by TET2 and CUX1. Kaplan–Meier curve over a median of 3.1 year tracking period showed a trend towards poor clinical out-
come in the DCM patients who carried DNMT3A or TET2 mutation; however, such association was not statistically significant.
Conclusions The prevalence of CHIP is detected at a young age in DCM, and accumulation of mutational frequency in DCM
patients is independent of age. However, a larger patient cohort is required to validate the association between CHIP and
clinical progression in the DCM patients.

Keywords Clonal haematopoiesis of indeterminate potential (CHIP); Dilated cardiomyopathy; DNMT3A; TET2; Clinical outcome

Received: 2 March 2022; Revised: 19 July 2022; Accepted: 4 August 2022
*Correspondence to: P. Christian Schulze, MD, Professor of Medicine, Chair, Department of Internal Medicine I, Division of Cardiology, University Hospital Jena, FSU Jena, Am
Klinikum 1, 07747 Jena, Germany. Tel: 03641-9324101; Fax: 03641-9324102. Email: christian.schulze@med.uni-jena.de
P. Christian Schulze and Thomas Ernst are joint senior authors.

Introduction

Clonal haematopoiesis of indeterminate potential (CHIP)
describes a phenomenon where the mutant clone expands
without causing evident haematopoietic malignancy. Accu-
mulation of CHIP-associated somatic mutations is age depen-
dent, and they are associated with increased risk of coronary
heart disease.1,2 In support of this finding, a meta-analysis re-
veals that CHIP carriers have 1.9 times greater risk of having
coronary heart disease and 4 times greater risk of developing
myocardial infarction.3 Further analysis in chronic ischaemic

heart failure cohort confirms high CHIP frequency in the pa-
tients, and its prevalence rises in an age-dependent manner.4

It is also shown that CHIP increases the heart failure risk by
25%, suggesting that it is a risk factor of heart failure.5 Fur-
thermore, CHIP carriers are two times more likely to develop
worsen clinical outcome than the non-carriers.6 Collectively,
these findings show that CHIP-associated mutations are
adversely associated with cardiomyopathy progression.

JAK2VF is a gain-of-function mutation known to contribute
to clonal haematopoiesis. In Ldlr�/� mice that are susceptible
to atherosclerosis, larger atherosclerotic lesions are observed
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in animals transplanted with JAK2VF bone marrow cells.7 In
addition to JAK2VF, DNMT3A and TET2, the two most com-
monly mutated CHIP-associated genes, have been implicated
in poor prognosis of ischaemic heart failure.3,4,8 It is reported
that DNMT3A and TET2 mutations are associated with an in-
creased inflammatory response, which may underlie athero-
sclerosis development and contribute to ischaemic heart
failure.3,9,10 In agreement with these findings, abrogation of
inflammatory signalling improves atherosclerotic plaque
stability and reduces cardiovascular risk.7,10,11

Although prior data have suggested a causal relationship
between CHIP and ischaemic cardiomyopathy (ICM), the as-
sociation between CHIP and non-ischaemic dilated cardiomy-
opathy (DCM) in the absence of atherosclerotic vascular dis-
ease remains unclear. The study aimed to determine and
compare the prevalence of CHIP-associated mutations in
non-ischaemic DCM and ICM. Furthermore, the association
between CHIP and the risk of poor clinical progression with
regard to all-cause death or all-cause hospitalization was also
examined.

Methods

A total number of 100 patients were recruited prospectively
between March 2017 and March 2019 as part of the Heart
Failure Registry at the University Hospital Jena for the study.
All patients were recruited consecutively from the outpatient
clinic and singed an informed consent. The trial and the trial
protocol were approved by the local ethics committee. We
included patients with symptomatic chronic heart failure
New York Heart Association (NYHA) class I–IV regardless of
aetiology or left ventricular ejection fraction (LVEF). Patients
with an active malignant disease were excluded. All patients
were on stable guideline-directed heart failure medication
at the time of inclusion. The blood was taken by venipuncture
and immediately processed for centrifugation and blood sep-
aration. The fractionated blood was aliquoted and stored at
�80°C.

The ICM patients were characterized by the presence of
coronary artery disease with the need for revascularization,
and 90% of patients who had received intervention were
successfully treated. Severity of ischaemic heart disease was
characterized by the number of affected coronary arteries,
in which 44%, 27%, and 29% of patients had one-, two-, or
three-vessel disease, respectively. Furthermore, 19% of pa-
tients were previously treated with CABG. Non-ischaemic
cardiomyopathy was diagnosed in patients with impaired
ventricular systolic or diastolic function without any evidence
of significant coronary disease. If these patients improved
their left ventricular function under guideline-directed medi-
cal therapy at the time of inclusion, record of severely re-
duced LVEF with a dilated ventricle must have been present.

Genomic DNA was extracted from buffy coat using the
QIAamp DNA Mini Kit (Qiagen, Hilden, Germany) according
to the manufacturer’s protocol. Additionally, constitutional
DNA, if available, was isolated from oral mucosa cells using
buccal swabs to verify the somatic origin of mutations.

Next-generation sequencing was performed on the
MiniSeq platform using the TruSight Myeloid Sequencing
panel (Illumina, San Diego, CA, USA) covering 54 genes either
full or only the hotspot regions that are commonly mutated
in myeloid malignancies. Paired-end sequencing was per-
formed with 150 bp read length. Data analysis was per-
formed using the VariantStudio Software (Version 3.0,
Illumina) with a sensitivity of 5% variant allele frequency
and a read depth of at least be 500 to minimize potential ar-
tefacts as recommended by the manufacturer. The software’s
own path filter was used as recommended by the developer.
The polymorphisms, intronic mutations with more than three
bases from a splice region, silent mutations, and missense
mutations with an allele frequency of ≥1% in the general
population were also excluded. In silico analysis of the muta-
tion outcome was performed using four predictive software,
the SIFT, PolyPhen-2, FATHMM, and Mutation Taster. The
mutation was predicted to be harmful to protein function
when the variant was identified as deleterious or damaging
in three out of four bioinformatic tools.12

For baseline characteristics of patients, numerical data are
presented as mean ± SEM whereas categorical data are pre-
sented as percentage. Statistical analysis of numerical data
and categorical data was performed using unpaired t-test
and Fisher’s exact test, respectively. For survival analysis for
a median 3.1 years, Kaplan–Meier analysis was used. To eval-
uate the correlation between adverse clinical progression
with regard to all-cause death and all-cause hospitalization
and CHIP mutations, a univariant COX proportional hazards
model was used.

Results

The recruited 48 ICM and 52 DCM patients had a median age
of 69 and 62 years old, respectively, with an age range 26–
94 years. The ICM cohort was composed of 71% of males,
whereas 63% of DCM patients were male. The majority of pa-
tients were with NYHA class II, which accounted for 48% and
62% of ICM and DCM cohorts, respectively, and had no
significant difference in LVEF and BMI values (Table 1).

The amplicon read coverage ranged from 2347 to 17 607
reads per amplicon. The sequencing analysis revealed that a
single gene mutation was identified in 16 patients
(Supporting Information, Table S1), and the overall CHIP prev-
alence in DCM and ICM was 19% and 13%, respectively. The
highest CHIP mutation frequency was observed in the ICM
patients who were older than 75 years, in which 17% of
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patients had mutation. Of note, one mutational event was
observed in the DCM patient who was under 45 years old,
and this accounted for 13% of mutation frequency in this
age group. Nevertheless, no mutational event in this age
group was observed in the ICM cohort (Figure 1A).

The predominant gene that was mutated in both DCM and
ICM was DNMT3A (DCM, four variants; ICM, three variants),
followed by TET2 (DCM, two variants), CUX1 (ICM, two vari-
ants), ZRSR2, RAD21, CBL, BCORL1, and EZH2 (one variant

each) (Figure 1B). Analyses of the mutation variants in both
cohorts showed distinct base-pair change patterns. The
G > A nucleotide change was commonly observed in the
DCM and contributed to 30% of total mutation variants iden-
tified. In the ICM cohort, 50% of the base-pair change was
found to be C > T nucleotide transition, which was not found
in the DCM group (Figure 1C). Interestingly, the somatic C> T
nucleotide change was reported to be enriched in
age-associated mutational signature.13 The majority of

Table 1 Baseline characteristics of the patients recruited in the study

ICM, n = 48 DCM, n = 52 P value

Basic characteristics
Median age (years) 68.5 61.5
Gender, male% 70.83% 63.46% 0.5245
BMI 27.7 ± 3.849, n = 46 28.5 ± 5.207, n = 50 0.3874
Smoking (%) 43.75% 34.6% 0.2193
Diabetes mellitus (%) 39.13%, n = 46 28.00%, n = 50 0.2834
Hypertension (%) 76.09%, n = 46 50.98%, n = 51 0.0124
Atrial fibrillation (%) 31.25% 32.7% >0.999

I 10% 13%
NYHA class II 48% 62%

III 38% 19%
IV 4% 6%
HFrEF 60.4% 57.7%

Heart failure category HFmrEF 18.8% 28.8%
HFpEF 20.8% 13.5%

Echocardiographic parameters
LVEF (%) 40.45 ± 1.975 36.81 ± 1.712 0.1651
LVEDd (mm) 56.08 ± 1.36 59.31 ± 1.246 0.0829
LVEDs (mm) 41.62 ± 2.18, n = 29 49.08 ± 1.631, n = 40 0.0067
LVEDV (mL) 166.4 ± 9.11, n = 46 174.9 ± 8.985 0.5090
LVEDVi (mL/m2) 85.18 ± 4.714, n = 46 96.47 ± 10.1 0.3337
LAVol (mL) 85.48 ± 3.852, n = 44 103.4 ± 8.614, n = 47 0.0673
LAVoli (mL/m2) 43.81 ± 1.976, n = 44 50.95 ± 3.652, n = 47 0.0953
E/A 1.233 ± 0.125, n = 37 1.416 ± 0.168, n = 33 0.3782
E/e′ 15.25 ± 0.996, n = 22 15 ± 1.04, n = 27 0.8681

Medication use
Anti-coagulant 51.11%, n = 45 15.69%, n = 51 0.0004
Beta-blocker 88.89%, n = 45 94.12%, n = 51 0.4678
Diuretics 75.56%, n = 45 86.27%, n = 51 0.2005
ACEI/Sartan/ARNI 93.33%, n = 45 98.04%, n = 51 0.3379
Statin 86.67%, n = 45 43.14%, n = 51 <0.0001
MRA 66.67%, n = 45 84.31%, n = 51 0.0562

Laboratory values
Leukocytes (Gpt/L) 8.64 ± 2.837, n = 45 7.694 ± 2.111, n = 49 0.0684
Thrombocytes (Gpt/L) 232.7 ± 78.37, n = 45 232.9 ± 60.45, n = 50 0.9917
Haemoglobin (mmol/L) 8.396 ± 0.8076, n = 45 8.273 ± 1.219, n = 49 0.5719
MCV (fL) 89.33 ± 4.221, n = 45 88.47 ± 6.959, n = 49 0.4734
MCHC (mmol/L) 20.45 ± 0.6222, n = 45 20.51 ± 0.812, n = 45 0.7058
Uric acid (μmol/L) 421.5 ± 117.7, n = 42 465.6 ± 142.4, n = 46 0.1192
BNP (pg/mL) 606.1 ± 1005, n = 26 666.4 ± 1231, n = 28 0.8450
Creatinine (μmol/L) 145.8 ± 181.4, n = 45 106.9 ± 43.92, n = 50 0.1451
HbA1c (%) 6.368 ± 1.447, n = 44 5.971 ± 0.7267, n = 48 0.0954
GFR (mL/min) 62.16 ± 25.33, n = 45 69.49 ± 27.49, n = 50 0.1811

ACEI, angiotensin-converting enzyme inhibitor; ARNI, angiotensin receptor-neprilysin inhibitor; BNP, B-type natriuretic peptide; DCM, di-
lated cardiomyopathy; GFR, glomerular filtration rate; HbA1c, haemoglobin A1c; HFmrEF, heart failure with mid-range ejection fraction;
HFpEF, heart failure with preserved ejection fraction; HFrEF, heart failure with reduced ejection fraction; ICM, ischaemic cardiomyopathy;
LAVol, left atrial volume; LAVoli, left atrial volume index; LVEDd, left ventricular end-diastolic dimension; LVEDs, left ventricular
end-systolic dimension; LVEDV, left ventricular end-diastolic volume; LVEDVi, left ventricular end-diastolic volume index; LVEF, left ventric-
ular ejection fraction; MCHC, mean corpuscular haemoglobin concentration; MCV, mean corpuscular volume; MRA, mineralocorticoid re-
ceptor antagonist; NYHA, New York Heart Association.
Numerical data are presented as mean ± SEM and categorical data are presented as percentage. Results are calculated from 48 and 52
patients in ICM and DCM groups, respectively, unless otherwise specified. Statistical analyses were performed using Fisher’s exact test
or unpaired t-test.
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identified mutations were classified as missense mutations.
Using in silico predictive tools, these mutations were pre-
dicted to be deleterious with damaged protein function
(Supporting Information, Table S1).

The patients in the study were monitored for a median
3.1 years (interquartile range: 1.9 to 4.7 years) for the events
of all-cause death or all-cause hospitalization. During this pe-
riod of time, 36 patients reached the endpoint. Association
between CHIP mutations and adverse clinical outcomes in
ICM patients was not significant [hazard ratio (HR) = 1.371,
95% confidence interval (CI) = 0.40–4.73, P = 0.618]. In
DCM cohort, 56% of patients who reached the endpoint dur-
ing the follow-up period were CHIP carriers, whereas 34% of
non-carriers had poor disease progression (HR = 1.716, 95%
CI = 0.60–4.89, P = 0.312) (Figure 1D).

DNMT3A and TET2 mutations are known to increase the
risk of ischaemic heart disease and are adversely associated
with heart failure progression.3,6 In our study, DNMT3A,
TET2, and CUX1 were the most frequently mutated genes ob-
served. Therefore, the association between these mutations
and the adverse disease progression with regard to
all-cause death and all-cause hospitalization during the
follow-up period was examined. Kaplan–Meier survival curve
showed a trend towards poor clinical outcome in the DCM
patients who carried DNMT3A or TET2 mutation (Figure 1E).
However, the association was not statistically significant
(HR = 2.69, 95% CI = 0.86–8.38, P = 0.0877) (Figure 1F). Acqui-
sition of DNMT3A or CUX1 mutation had no significant nega-
tive effect on disease progression in ICM cohort (HR = 1.371,
95% CI = 0.40–4.73, P = 0.618) (Figure 1E and 1F).

Figure 1 Prevalence of clonal haematopoiesis of indeterminate potential (CHIP)-associated mutations and clinical outcomes in patients with ischaemic
cardiomyopathy (ICM) or non-ischaemic dilated cardiomyopathy (DCM). (A) Graph represents the frequency of CHIP mutation observed in different
age groups in DCM and ICM cohorts. (B) The frequency of mutated genes identified in both ICM and DCM cohorts. (C) The percentages of different
types of nucleotide changes observed in the mutated genes. (D) A COX proportional hazards model was performed to examine the association be-
tween CHIP mutation and all-cause death and all-cause hospitalization in the DCM and ICM cohorts over a median follow-up time of 3.1 years. Patients
who became lost to follow-up were excluded for the analysis. (E) Kaplan–Meier survival curves showing the event-free survival in the patients who
carried DNMT3A, TET2, or CUX1 mutations in ICM and DCM cohorts. Patients who were lost to follow-up and/or carried other CHIP mutation were
excluded from analysis. (F) The prognostic significance of DNMT3A, TET2, and CUX1 mutations with regard to all-cause death and all-cause hospital-
ization during the follow-up period was analysed using a hazard-risk model. del, deletion; dup, duplication.
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Discussion

Using a targeted gene sequencing panel, eight
CHIP-associated genes were found to be mutated in our
ICM and DCM cohorts. In consistent with literatures,
DNMT3A remained the most commonly mutated CHIP gene
in heart diseases.4,6 In normal aging, 1.3% and 5% of CHIP
mutation frequencies are observed among people under
50 years of age and those who are between 50 and 79 years
of age, respectively. The mutation rate increases to an aver-
age of 13% in persons who are older than 80 years of age.1

In DCM cohort, 19% of CHIP mutation frequency is observed.
Such frequency is higher than the mutational event reported
in normal aging1 and compared with 13% mutation preva-
lence in our ICM cohort. Furthermore, 13% of DCM patients
under the age of 45 years already carry CHIP mutation. Such
mutational event is more frequent than that in our ICM
cohort (0/2) and the previously reported ischaemic disease
cohort (0/15).4 In DCM cohort, a trend towards worse clinical
outcome is observed in the carriers of DNMT3A or TET2
mutation. Owing to limited sample size, the association is
not statistically significant.

It is known that CHIP mutations in ischaemic heart dis-
eases and normal aging accumulate in an age-dependent
manner.1,4 CHIP-associated changes in macrophage activity
and inflammatory response have been shown to contribute
to larger atherosclerotic lesion size and worse cardiac func-
tion, suggesting a causal role of CHIP in ICM.3,9,10,14 On the
contrary, our results demonstrate that CHIP mutation onset
is observed at a relatively young age in DCM patients.
Aetiology of DCM is heterogeneous, and approximately 30–
50% of DCM cases are familial, potentially affecting young
patients.15 In animals with DCM due to genetic mutations, in-
creased levels of inflammation and oxidative stress have been
observed.16–18 In support of the role of oxidative stress in
DCM pathogenesis, antioxidants have been shown to amelio-
rate DCM-associated phenotypes in animals and improved
cardiac function in young DCM patients.19,20 Furthermore, it
is known that failing myocardium exhibits a metabolic switch
from fatty acid oxidation to glycosylation.21 Metabolic
regulation is a key to maintain haematopoietic stem cell
quiescence, which is not only critical to sustain its function
but also as a mechanism to protect itself against
replication-associated stress.22,23 In light of a high percentage
of familial DCM incidence and the fact that CHIP-associated
mutations could be observed in relatively young DCM
patients, it is possible that DCM may predispose a pathophys-
iologic environment with elevated oxidative stress and
disturbed metabolism, which may not only attenuate
haematopoietic stem cell quiescence but also facilitate

expansion of mutant clone, hence acquisition of CHIP.
Alternatively, prior inflammatory changes associated with,
for example, myocarditis might predispose to development
and expansion of mutant clones.

The main limitation of the study is its sample size, which
could underlie the failure to observe a connection between
CHIP and ischaemic heart disease as previously reported.3,4

Furthermore, the statistical power would also be reduced. A
larger cohort will be necessary to validate the contribution
of CHIP to adverse clinical outcome. However, our result
has uncovered that DCM patients harbour CHIP mutation at
relatively young age, and the overall mutation rate appears
to be higher than that in ICM and normal aging. Many DCM
cases are familial; it will also be important to extend this
study with a pre-screened DCM cohort, which carries specific
genetic background, to examine if it relates to CHIP incidence
in more detail.

Conclusion

The study shows that CHIP mutation is more prevalent in
DCM than in ICM. In contrast to ICM, CHIP mutation onset
is independent of age and appears at relatively young age
in DCM patients. It is possible that DCM may have
predisposed a pathological condition to foster acquisition of
CHIP-associated mutations. However, further studies are
prerequisite to examine such possibility. In addition, a larger
cohort is necessary to validate the impact of CHIP on clinical
outcome in DCM.
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