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Background: Clonal hematopoiesis of indeterminate potential (CHIP) has been reported to be associated with increased cardiovas-
cular disease, aging and insulin resistance. Despite the debate of causal contribution of CHIP on metabolic diseases, we want to ex-
plore whether CHIP is related to diabetic peripheral neuropathy (DPN).
Methods: This study analyzed the prevalence of CHIP in patients with type 2 diabetes classified according to DPN status. Logistic 
regression analysis was used to evaluate the association between CHIP and DPN.
Results: CHIP was more prevalent in subjects without DPN than those with DPN (19.9% vs. 8.8%, respectively; P=0.013). Individ-
uals having any CHIP, or DNA methyltransferase 3A (DNMT3A) CHIP were less likely to have any abnormality shown in DPN test; 
the adjusted odds ratio were 0.85 (95% confidence interval [CI], 0.73 to 1.00) and 0.70 (95% CI, 0.56 to 0.89), respectively. Interest-
ingly, DNMT3A CHIP showed the negative association, but Tet methylcytosine dioxygenase 2 (TET2) CHIP showed the positive as-
sociation with abnormal feet electrochemical skin conductance level.
Conclusion: On the contrary to expectations, CHIP was negatively associated with DPN. Functional linking between the mutation 
in hematopoietic cells and DPN, and the opposite role of DNMT3A and TET2 should be investigated.
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INTRODUCTION

Clonal hematopoiesis of indeterminate potential (CHIP) is de-
fined as an expansion of hematopoietic stem cells (HSCs) driven 

by somatic mutations without the development of any hemato-
logic malignancy [1]. CHIP has been reported to be associated 
with aging or stress to the bone marrow, including that caused 
by radiation or chemotherapy [2], and to lead to in increased all-
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cause mortality, possibly because of a higher risk of hematologic 
malignancy or cardiovascular disease [3]. Somatic chromosomal 
alterations in peripheral blood cells are also associated with an 
increased risk of type 2 diabetes, even after adjustment for con-
founding factors [3]. Increased insulin resistance, altered im-
mune function, and increased inflammation may be underlying 
mechanisms related to the poor health outcomes of CHIP [1].

Diabetic peripheral neuropathy (DPN) shares common risk 
factors with cardiovascular disease in people with type 1 diabe-
tes [4], and this association has been observed in Koreans with 
type 2 diabetes [5]. From the mechanistic view, endothelial dys-
function, an early vascular abnormality, was observed in both 
DPN and cardiovascular disease [6]. We hypothesized that 
CHIP might be more prevalent in subjects with DPN compared 
to their counterpart. However, whether CHIP is related to DPN, 
an important microvascular complication of diabetes, remains 
unclear. In this study, we investigated the prevalence of CHIP in 
subjects with type 2 diabetes classified according to DPN status 
and analyzed the associations between CHIP and DPN.

METHODS

Study population
We enrolled adult subjects with type 2 diabetes from a tertiary 
academic hospital since November 2016 [7]. The original pro-
spective observational study was designed to develop reliable 
tools and biomarkers for identifying DPN. We annually recruit-
ed 100 subjects and this study used the data from the third wave 
survey. Among them we collected DNA from 294 subjects. This 
study was approved by the Institutional Review Board of Seoul 
National University Bundang Hospital (IRB No.: B-2106/688-
303). Informed consent was waived by the board. 

Assessment of DPN
DPN was evaluated using the Michigan Neuropathy Screening 
Instrument-questionnaire (MNSI-Q) and -physical examination 
(MNSI-PE), a 10-g monofilament test (Semmes-Weinstein 5.07 
monofilaments), and measurement of feet electrochemical skin 
conductance (ESC) (SUDOSCAN, Impeto Medical, Paris, 
France). A research nurse performed aforementioned evalua-
tions with standard operation procedure. The cut-off values of 
MNSI-Q and MNSI-PE were adopted from the original study 
which firstly developed MSNI [7]. We used cut-off values of a 
10-g monofilament test and ESC according to the study from 
Korean population [8,9].

CHIP analysis 
Genomic DNA was separated from peripheral blood. Targeted 
sequencing was performed using a custom panel consisting of 
89 genes frequently involved in CHIP, including DNA methyl-
transferase 3A (DNMT3A), Tet methylcytosine dioxygenase 2 
(TET2), ASXL transcription regulator (ASXL1), Janus kinase 2 
(JAK2), and tumor protein p53 (TP53) [10] with an average tar-
get-depth of 1,100×. All nonsynonymous variants with a vari-
ant allele frequency of 2% to 30% were considered to be CHIP 
variants. Common germline variants listed in the gnomAD, 
100-0 Genomes v3, ESP6500, and ExAC databases, and an in-
ternal panel of 1,000 Koreans were excluded.

Statistical analysis
The chi-square test was used to compare the prevalence of 
CHIP between subjects with and without DPN. Odds ratios 
(ORs) and 95% confidence interval (CIs) were estimated using 
univariable and multivariable logistic regression analysis. Co-
variates were selected based on univariable logistic analysis 
showing a significant association with DPN. Statistical analysis 
was performed using IBM SPSS version 25.0 (IBM Corp., Ar-
monk, NY, USA) and Python version 3.7.9 (Python Software 
Foundation, Wilmington, DE, USA).

RESULTS

Clinical and biochemical characteristics
Among the 294 subjects (184 men; mean age 59.1 years), 113 
(38.4%) had an MNSI-PE score >2.0, and 183 (67.3%) had any 
abnormality identified in DPN tests. Compared with subjects 
without DPN, those with DPN (MNSI-PE >2.0) were more 
obese, had higher hemoglobin A1c (HbA1c) and lower high-
density lipoprotein cholesterol (HDL-C) levels, as well as a 
lower estimated glomerular filtration rate (eGFR) (Table 1). 

Parameters associated with DPN
According to univariable logistic regression analysis, body mass 
index (OR, 1.098; 95% CI, 1.023 to 1.179), and HbA1c (OR, 
1.264; 95% CI, 1.045 to 1.529) were positively associated with 
the presence of DPN (Table 2). In contrast, HDL-C (OR, 0.975; 
95% CI, 0.955 to 0.997), and eGFR (OR, 0.989; 95% CI, 0.978 
to 0.999) showed negative association with DPN.

The prevalence of CHIP and its association with DPN
CHIP was more frequently detected in subjects without DPN 
than those with DPN (19.9% vs. 8.8%, respectively; P=0.013). 
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The most prevalent variants of CHIP occurred in DNMT3A and 
TET2 (Table 1). After multivariable adjustment for body mass 
index, HbA1c, HDL-C and eGFR, CHIP and DNMT3A CHIP 

were independently associated with any abnormality in DPN 
test; the adjusted ORs were 0.85 (95% CI, 0.73 to 1.00) and 0.70 
(95% CI, 0.56 to 0.89), respectively (Fig. 1). However, there 
was no statistical significance between TET2 CHIP and any ab-
normal DPN. Interestingly, subjects with DNMT3A and TET2 
CHIP showed the opposite association with abnormal feet ESC 
level; adjusted OR of DNMT3A and TET2 were 0.74 (95% CI, 
0.59 to 093) and 1.57 (95% CI, 1.07 to 2.32), respectively.

DISCUSSION

To our knowledge, this is the first report on the association be-
tween CHIP and DPN in subjects with type 2 diabetes. Our 
findings suggest a possible negative association between CHIP 
and DPN. This was an unexpected finding because previous ob-
servational studies have reported that CHIP is associated with 
poor health outcomes for cardiometabolic diseases [3,11]. Fur-
ther mechanistic studies are needed to identify the causes and 
consequences of CHIP in DPN and to investigate the true role 
of CHIP in DPN.

DNMT3A and TET2 are more frequently observed in associa-
tion with CHIP, based on the results from our study and others 
[3,12]. These two genes encode for enzymes with opposing ac-

Table 1. Clinical Characteristics and the Prevalence of Clonal 
Hematopoiesis According to Diabetic Peripheral Neuropathy 
Status

Characteristic DPN (–) 
(n=181)

DPN (+) 
(n=113) P valuea

Age, yr 58.7±9.4 59.7±10.1 0.265

Male sex 117 (64.6) 67 (59.3) 0.387

Height, cm 164.2±8.8 163.5±9.2 0.530

Body weight, kg 67.4±11.2 69.6±12.7 0.120

BMI, kg/m2 24.9±3.2 26.0±3.7 0.009

Waist circumference, cm 87.9±8.7 89.8±9.1 0.072

SBP, mm Hg 130±14 131±15 0.677

DBP, mm Hg 75±10 75±10 0.535

Diabetes duration, yr 10.8±8.3 12.0±8.3 0.162

FPG, mmol/L 7.5±1.7 8.0±2.8 0.215

HbA1c, mmol/mmol 54±12.0 58±15.3 0.015

HOMA-IR 2.6±1.4 3.0±1.8 0.236

Cholesterol, mmol/L 4.1±1.0 3.9±1.0 0.060

Triglyceride, mmol/L 1.44±0.94 1.65±1.58 0.652

HDL-C, mmol/L 1.30±0.34 1.20±0.31 0.013

LDL-C, mmol/L 2.4±0.6 2.3±0.7 0.045

eGFR, mL/min/1.73 m2 95.6±22.1 90.1±21.8 0.038

MNSI-PE score 1.3±0.6 3.5±0.7 <0.001

MNSI-Q score 1.6±1.7 2.8±2.2 <0.001

MNSI-Q ≥4 19 (10.5) 36 (31.9) <0.001

10-g Monofilament <7 4 (2.2) 15 (13.4) <0.001

Feet ESC, μS 61.7±14.9 55.6±16.1 0.001

ESC <56 μS 56 (30.9) 48 (42.5) 0.046

Any clonal hematopoiesis 36 (19.9) 10 (8.8) 0.013

   DNMT3A 15 (8.3) 3 (2.7) 0.077

   TET2 3 (1.7) 3 (2.7) 0.679

   ASXL1 5 (2.8) 1 (0.9) 0.412

Values are expressed as mean±standard deviation or number (%). 
DPN, diabetic peripheral neuropathy; BMI, body mass index; SBP, sys-
tolic blood pressure; DBP, diastolic blood pressure; FPG, fasting plasma 
glucose; HbA1c, hemoglobin A1c; HOMA-IR, homeostatic model as-
sessment for insulin resistance; HDL-C, high-density lipoprotein cho-
lesterol; LDL-C, low-density lipoprotein cholesterol; eGFR, estimated 
glomerular filtration ratio; MNSI-PE, Michigan Neuropathy Screening 
Instrument-physical examination; MNSI-Q, Michigan Neuropathy 
Screening Instrument-questionnaire; ESC, electrochemical skin con-
ductance; DNMT3A, DNA methyltransferase 3A; TET2, Tet methylcy-
tosine dioxygenase 2; ASXL1, ASXL transcription regulator. 
aP value for chi-square test or t test.

Table 2. Univariable Logistic Regression Analysis of Factors 
Associated with Diabetic Peripheral Neuropathy

Variable
Univariable analysis

OR (95% CI) P value

Age 1.011 (0.987–1.036) 0.378

Body weight 1.016 (0.996–1.036) 0.121

BMI 1.098 (1.023–1.179) 0.010

Waist circumference 1.025 (0.998–1.053) 0.073

DM duration 1.018 (0.990–1.047) 0.216

HbA1c 1.264 (1.045–1.529) 0.016

Cholesterol 0.994 (0.988–1.001) 0.104

HDL-C 0.975 (0.955–0.997) 0.023

LDL-C 0.992 (0.982–1.001) 0.092

eGFR 0.989 (0.978–0.999) 0.039

Clonal hematopoiesis 0.391 (0.186–0.824) 0.013

DNMT3A 0.302 (0.085–1.067) 0.063

TET2 1.618 (0.321–8.159) 0.560

OR, odds ratio: CI, confidence interval; BMI, body mass index; DM, 
diabetes mellitus; HbA1c, hemoglobin A1c; HDL-C, high-density lipo-
protein cholesterol; LDL-C, low-density lipoprotein cholesterol; eGFR, 
estimated glomerular filtration rate; DNMT3A, DNA methyltransferase 
3A; TET2, Tet methylcytosine dioxygenase 2. 
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tions in DNA methylation. DNMT3A is responsible for de novo 
methylation of cytosine bases in DNA, whereas TET2 is in-
volved in DNA demethylation [13]. At the cellular level, al-
though both TET2 and DNMT3A loss-of-function mutations 
provide a growth advantage in HSCs, these genes have different 
effects on HSC differentiation. The TET2 mutation promotes 
HSC myeloid differentiation, whereas the DNMT3A mutation 
inhibits differentiation of HSCs [14]. In addition, the TET2 loss-
of-function mutation in hematopoietic cells induces systemic 
insulin resistance in aged and obese mice [15]. However, the 
role of the DNMT3A mutation in HSCs in systemic insulin re-
sistance or inflammation has not been confirmed.

Peripheral nerves have the capacity for regeneration, and epi-
genetic mechanisms are involved in transcriptional reprogram-
ming [16]. We could not suggest the exact mechanism of CHIP 
in the development of DPN from our findings, but we have to 

consider the influence of counterbalance, between DNA meth-
ylation and demethylation, on DPN. The critical targets of epi-
genetic modification must be identified to understand the de-
tailed mechanisms responsible for the epigenetic changes in 
DPN. For example, a previous study reported that RG108, a 
DNMT inhibitor, attenuated thermal hyperalgesia via upregula-
tion of the mu opioid receptor in a mouse model of neuropathic 
pain [17]. By contrast, TET3 knockout in neural progenitor cells 
has been shown to produce rapid neural apoptosis and to impair 
the terminal differentiation of neurons [18]. Epigenetic changes 
in neurons may have various pathogenic mechanisms depend-
ing on the type of gene or the stage of differentiation. Further 
study to discover the contrasting action of DNMT and TET3 in 
DPN progression will be necessary.

SUDOSCAN can detect abnormality of unmyelinated c-fiber 
function which innervates sweat gland [19]. Selvarajah et al. 

Fig. 1. Adjusted odds ratio (OR) (95% confidence interval [CI]) for the associations between clonal hematopoiesis and the presence of ab-
normalities in diabetic peripheral neuropathy (DPN). (A) All clonal hematopoiesis, (B) DNMT3A clonal hematopoiesis, and (C) TET2 clonal 
hematopoiesis. The OR was adjusted for body mass index, hemoglobin A1c, and high-density lipoprotein cholesterol levels, and estimated 
glomerular filtration rate. CH, clonal hematopoiesis; MNSI-Q, Michigan Neuropathy Screening Instrument-questionnaire; MNSI-PE, Mich-
igan Neuropathy Screening Instrument-physical examination; MF, monofilament test; ESC, electrochemical skin conductance; DNMT3A, 
DNA methyltransferase 3A; TET2, Tet methylcytosine dioxygenase 2. 

A

B

C
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[19] reported that SUDOSCAN can classify DPN and CAN 
with sensitivity of 87.5% and 76.2% of specificity, and with 
sensitivity of 65.0% and specificity of 80.0%, respectively. If 
the patient had abnormal small-fiber neuropathy, we can detect 
the low ESC level. In our study, we identified that DNMT3A 
was associated with normal ESC levels; however, TET2 was as-
sociated with decrease of ESC levels. This opposite association 
was just shown in DPN test for SUDOSCAN. In this regards, 
CHIP might primarily involve in one of features of small-fiber 
neuropathy rather than large-fiber neuropathy. Therefore, we 
could develop a screening tool for DPN using CHIP analysis. 

The limitation of our study include the small sample size, and 
given the exploratory nature of the current study, we did not cal-
culate exact sample size. We could not identify consistent statis-
tically significant associations between each CHIP and individ-
ual DPN test results. Further validation studies including more 
subjects are needed. In addition, our study lacked data relating 
to the phenotype of DPN (e.g., painless or painful), and we only 
performed limited tests for DPN [20]. For example, we just ad-
opted SUDOSCAN for small-fiber neuropathy, and we did not 
perform other tools such as pinprick test and quantitative senso-
ry test of temperature or pain. Finally, the cross-sectional nature 
of this study did not allow us to draw inferences about the cau-
sality of CHIP in DPN development. Despite these limitations, 
the present study provides the first human data suggesting pos-
sible interactions between CHIP and DPN.

In conclusion, the present study provides evidence of a gener-
ally protective role of CHIP in DPN and possible opposite ef-
fects of DMNT3A and TET2 CHIP in type 2 diabetes. Further 
mechanistic studies of the epigenetic modifications of the target 
genes may provide useful targets for DPN treatment.
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