





difference between the VAF and expected distribution of
a germline allele existed. We used the read count of the
reference allele plus the alternate allele as the number
of trials and the read count of the alternate allele as the
number of successes. Variants with a p value less than
0.001 were considered somatic mutations. Pathogenic
variants in the exon regions of 74 genes related to human
myeloid cancer were defined as CHIP.

Statistical analysis

Means with SD or medians (IQR) were reported for
continuous variables, and numbers (percentages) were
reported for categorical variables. The Wilcoxon rank-sum
test was used for continuous variables, whereas the X2 test
was used to compare the differences of response rate.
Multivariate logistic regression model including age and
sex was used to calculate the association between CHIP
and blood traits. Kaplan-Meier analyses were displayed as
cumulative event (recurrent stroke, combined vascular
event and all-cause mortality) rate curves. The correlation
between outcomes and CHIP was evaluated using HRs and
calculated using the Cox proportional hazards model.
To balance the characteristics between CHIP carriers
and non-CHIP carriers, and reduce the influence of very
small estimated probabilities from the propensity score
(PS) model, we conducted the stabilised inverse proba-
bility of treatment weighting (IPTW) based on the PS."
Three models were used for calculating PS when using

Figure 1

stabilised IPTW: model 1, PS were calculated from patient
characteristics at baseline, including age, sex, hyperten-
sion, diabetes, lipid metabolism disorders, heart disease,
body mass index, drinking, smoking, admitting National
Institutes of Health Stroke Scale and aetiology classifica-
tion (TOAST); model 2, additionally included baseline
hs-CRP based on model 1; model 3, additionally included
the severity of ICAS at baseline based on model 1. We also
tested the interaction among CHIP, inflammatory status
and atherosclerosis burden on the primary outcome. The
results were considered as statistical significance at a two-
sided p value<0.05. SAS V.9.4 was used for all statistical
analyses that performed in this study.

RESULT

Characteristics of study population and detection of mutations
Among the 6016 patients who had a first-ever AIS, the
median age was 62 years (IQR, 54.0-70.0), and 31.0%
(1863/6016) were women. In total, 220 patients (3.70%)
were identified as CHIP carriers, and the prevalence of
CHIP in our cohort, especially DNMT3A and TET2 muta-
tion carriers, significantly increased with age (figure 1A
and online supplemental figure 2). The frequency of
mutations in the >80 years age group was the highest
among all groups, up to 10.94% (36 of 329 patients).
DNMT3A (30.0%), TET2 (11.4%), JAK2 (5.9%), GNAS
(5.0%) and SF3BI (5.0%) were the most frequently

Characteristics of clonal haematopoiesis of indeterminate potential (CHIP). (A) Distribution of CHIP carriers according

to age. (B) Ten most common mutated genes leading to CHIP in this cohort. (C) The number of persons with one or two
candidate variants. (D) Number of the types of changes in variant single-nucleotide base pair.
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Table 1 Baseline characteristics of the study population

Total Non-CHIP CHIP

Characteristic (n=6016) (N=5796) (N=220) P value
Age (years), median (IQR) 62.0 (54.0-70.0) 62.0 (53.0-69.0) 68.0 (60.0-75.0) <0.0001
age, n (%) <0.0001

<40 171 (2.8) 170 (2.9) 1(0.5)

40-49 700 (11.6) 687 (11.9) 13 (5.9)

50-59 1613 (26.8) 1578 (27.2) 35 (15.9)

60-69 2017 (33.5) 1946 (33.6) 71 (32.3)

70-79 1186 (19.7) 1122 (19.4) 64 (29.1)

>80 329 (5.5) 293 (5.1) 36 (16.4)
Female, n (%) 1863 (31.0) 1779 (30.7) 84 (38.2) 0.02
BMI (kg/m?), mean+SD 24.7+3.4 24.7+3.4 24.7+3.6 0.38
Current smoking, n (%) 2046 (34.0) 1990 (34.3) 56 (25.5) 0.01
Drinking, n (%) 1077 (17.9) 1052 (18.2) 25 (11.4) 0.01
Medical history, n (%)

CHD 548 (9.1) 528 (9.1) 20 (9.1) 0.99

Hypertension 3596 (59.8) 3462 (59.7) 134 (60.9) 0.73

Diabetes mellitus 1320 (21.9) 1270 (21.9) 50 (22.7) 0.77

Hypercholesterolaemia 430 (7.1) 412 (7.1) 18 (8.2) 0.54
NIHSS

Median (IQR) 3.0 (2.0-6.0) 3.0 (2.0-6.0) 3.0 (2.0-6.0) 0.76
TOAST classification, n (%)

LAA 1570 (26.1) 1515 (26.1) 55 (25.0) 0.12

CE 357 (5.9) 341 (5.9) 16 (7.3)

SAO 1463 (24.3) 1424 (24.6) 39 (17.7)

SOE 68 (1.1) 66 (1.1) 2(0.9)

SUE 2558 (42.5) 2450 (42.3) 108 (49.1)
Time from symptom onset to arrive at hospital 1.0+1.4 1.0+1.4 0.9+1.4 0.18

BMI, body mass index; CE, cardioembolism; CHD, coronary heart disease; CHIP, clonal haematopoiesis of indeterminate potential; LAA, large
artery atherosclerosis; NIHSS, National Institutes of Health Stroke Scale Score; SAO, small artery occlusion; SOE, stroke of other determined
aetiology; SUE, stroke of undetermined aetiology.; TOAST, Trial Org 10172 in Acute Stroke Treatment.

mutated genes (figure 1B), accounting for over half of all
the CHIP carriers. A total of 210 (95.5%) CHIP carriers
had a single-driver gene mutation (figure 1C), indicating
that clones in most CHIP carriers were only present at the
initial stage. The cytosine-to-thymine transition was the
most common single-nucleotide variant type (figure 1D),
accounting for 45.69%, which was thought to be an age-

related somatic mutation.'”

Baseline characteristics of study population

Baseline characteristics of the total 6016 patients who had
a first-ever AIS according to the CHIP status are summa-
rised in table 1. As illustrated, CHIP carriers were 6 years
older than non-CHIP carriers (p<0.0001), but the differ-
ences between CHIP and non-CHIP carriers in risk factors
of vascular disease were not significant. Drinking and
smoking habits were associated with a reduced probability
of CHIP in unadjusted analysis, but these differences were

not significant after adjusting for sex and age (OR=1.43,
95% CI 0.92 to 2.22, p=0.12and OR=1.11, 95% CI 0.79 to
1.57, p=0.54, respectively). Furthermore, CHIP was not
associated with the distribution of the TOAST classifica-
tion.

Associations of CHIP and blood traits

As CHIP may affect haematopoiesis in patients, we next
investigated the blood profile of CHIP carriers in our
cohort. We found that different CHIP genes had different
effects on blood characteristics. Overall, CHIP was asso-
ciated with an increased neutrophil (NEUT) count,
neutrophil-to-lymphocyte ratio (NLR), mean corpuscular
haemoglobin and platelet count. Notably, NLR in CHIP
carriers was significantly higher than that in non-CHIP
carriers (3.9 vs 3.2, p<0.001). Furthermore, the five most
common genes (DNMT3A, TET2, JAK2, GNAS and SF3B1I)
were associated with elevated NEUT levels (figure 2;

106 Qiu X, et al. Stroke & Vascular Neurology 2023;8:¢001756. doi:10.1136/svn-2022-001756

"yBuAdoo Aq paloalold 1sanb Aq £20z ‘gz Jaquiaidas uo jwod fwg-uas//:dny woiy papeojumod "2z0oz Jaquialidas Tz uo 96/ T00-2202-UAS/9ETT 0T Se paysiignd 1Si1) :|0INSN ISeA 930S


http://svn.bmj.com/

8 Open access

wee ] sy e,
Ly T S2 28 5
A > o o oo =
MONO =
+p<0.01 F =
NEUT . p AP PP 5
+p<0.05 o N o « ©
BA = ~* 0 0|0 kel
o '\ - - - .Q_
- > © o ~ © =
RBC p=0.05 ™ % 2 9O 9 T 2
— S - oo 2
m o’ —_— O~ = ~—~
He [ E 2 2 %3 O
vor [ P<0.05 2| Elanng E
MCV (g
-p<0.01 © E=
RDW 2993y o
© a
o olOo | O O
PDW = = =l 3
— o I © kS
NLR |0 X 0 S
m < .~ =~ 7 — AN Ao =
o =l 0o 0o 0 0o S ;
53 £ & 3 % ¢ Sliigm 2 %
o § [ S G & O BEEEIE 5 4 ©
q > - IR A A =] g £ o
8 z[828: 2 % %
Figure 2 Association of CHIP and blood traits. The s < | R il s 8 §
positive correlation was represented in orange; and negative o T ©4 2
correlation was represented in blue. BA, basophil count; % N § § é %)
EO, eosinophil count; HGB, haemoglobin; LY, lymphocyte > O o o © 2 2 % E
count; MCH, mean corpuscular haemoglobin; MCV, mean - RS 2§29
corpuscular volume; MONO, monocyte count; NEUT, . ) % g_% ;
neutrophil count; NLR, neutrophil-to-lymphocyte ratio; PLT () SIESES L = °F 3
count, platelet; PDW, platelet distribution width; RBC, red < S T2 oL £5¢9
blood cell count; RDW, red blood cell distribution width; 0 == 2 o0 Se£884
WBC, white blood cell count. @ Ol o ko 2930£¢2
B|lr| R|e2Sar 2503E55
=] B|S oSS 2egE5E
. .. -~ O = = o
Online supplemental table 1). In addition, JAK2 muta- © |3 CQ NG 2SR FES
. o ) o2 £l 28 959204
tions were significantly increased the levels of red cell o = & — -~ o SES9aE
. . . . . S Lo
distribution width (p<0.001), a parameter that predicts o ) S8 'g)_clc.) S
. . = c = 5 &8
poor outcomes in the elderly regardless of age-associated i S 2g38s S : % gy
. = S
diseases."® £ oS S oo § § £55§
TS ™™ O
T . . . ® C9°33 2
Prognostic significance of CHIP in patients who had a first- 3 s &5 ® 2883873 2
ever AIS £ © © N © %EEEEE
. 0 - - - ™M -—'O'H.—-—L
At the 3-month follow-up, 357 (5.93%) patients had g = =l oo oo 23 2 PR
B~ — 90 0
a recurrent stroke, 333 (5.54%) had a recurrent e % g VNS Y £Ex238 g§
ischaemic stroke, 367 (6.10%) patients had combined § %‘ % S o oo £ Z)S% 335
. . . = ®©
vascular events and 72 (1.20%) patients died. Higher *GC-)' e pos g ls g Q 2 g% g9
rates of recurrent stroke (6.36% vs 5.92%), recurrent 5= T -~~~ 535223
. . . T -~ C C
ischaemic stroke (5.91% vs 5.52%), combined vascular % D E’% Somo
i ¥e) E=] ©
events (6.36% vs 6.09%) and all-cause mortality (1.36% - % § UE) 8 OU_J&CD £
vs 1.19%) were observed in the CHIP carriers than in S i Sa “@ -% -(% s
non-CHIP carriers. Results of Kaplan-Meier eventfree T (ot 56 = o .g 233¢
survival analysis showed that the cumulative risk of clin- (é 5 3 66 6N o3I E 883
. . = c O [ GRS
ical outcomes between CHIP carriers and non-CHIP Sle|l <2284 o TEL .9%
carriers was not different (online supplemental figure 3). % = - BN E % g o
We next assessed the association of CHIP with different Cle 2 e o0 %
outcomes using Cox proportional regression analysis with S % £85¢ % % =
. . . . = 0N © ©
three adjustment models. CHIP was significantly associ- T E 5 F - -?, % R g
. e ) . 4 LT -
ated with recurrent stroke (HR 1.62, 95% CI 1.04 to 2.51, § % S|ewoT 28 ;: 208
. . - = = = e g
p=0.03), recurrent ischaemic stroke (HR 1.64, 95% CI 2|0 S22 9> ;;‘) g
1.04 to 2.58, p=0.03) and combined vascular events o 0= N35 3 2
. . [0} — T O
(HR 1.58, 95% CI 1.02-2.44, p=0.04) after adjusting for o 2 .g £ 3 -é ege 8
. . . . ° © - -
hs-CRP levels at baseline (table 2), which is a biomarker E % o 8 § ® e 8’5 cd
. . @ & &
associated with both recurrent stroke'? and CHIP.? In <

Qiu X, et al. Stroke & Vascular Neurology 2023;8:¢001756. doi:10.1136/svn-2022-001756 107

"yBuAdoo Aq paloalold 1sanb Aq £20z ‘gz Jaquiaidas uo jwod fwg-uas//:dny woiy papeojumod "2z0oz Jaquialidas Tz uo 96/ T00-2202-UAS/9ETT 0T Se paysiignd 1Si1) :|0INSN ISeA 930S


https://dx.doi.org/10.1136/svn-2022-001756
https://dx.doi.org/10.1136/svn-2022-001756
http://svn.bmj.com/

CHIP No CHIP

No. of event/No. at risk No. of event/No. at risk

aHR (95% CI) P

Pinteraclion

All 14/220 343/5796 . 1.56 (0.997-2.44) 0.052
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Figure 3 Associations between CHIP and recurrent stroke in selected subgroups. *Cox proportional hazards model was
adjusted by stable inverse probability of treatment weighting based on the propensity score (PS). Variables used for calculating
PS included age, sex, body mass index, smoking, drinking, history of the disease (ie, hyperlipidaemia, diabetes mellitus and
hypertension), Trial of Org 10172 in Acute Stroke Treatment classification and National Institutes of Health Stroke Scale. CHIP,
clonal haematopoiesis of indeterminate potential; ICAO, intracranial cerebral artery occlusion; ICAS, intracranial atherosclerotic

stenosis.

addition, CHIP was significantly associated with recurrent
ischaemic stroke (HR 1.59, 95% CI 1.00-2.51, p=0.048)
without adjusting for hs-CRP levels (table 2).

Association of CHIP and recurrent stroke in selected
subgroups

The results of subgroup analysis to explore factors that
influence the relationship between CHIP and the primary
outcome, including inflammation status and severity of
ICAS, are shown in figure 3 and online supplemental
table 2. Among patients with hyperinflammation, the
rate of recurrent stroke in CHIP carriers (12.63%) was
1.9-fold higher than that in non-CHIP carriers (6.71%),
and CHIP significantly increased the risk of recurrent
stroke when patients under hyperinflammation (HR 3.10,
95% CI 1.92 to 5.00, p<0.001); in contrast, the presence
of CHIP had no significant effect on recurrent stroke in
patients without hyperinflammation (HR 0.18, 95% CI
0.03 to 1.04, p=0.06). The apparent difference in ORs was
statistically significant (P, . =0.002).

Next, we analysed the subgroups stratified by ICAS
severity. We observed that CHIP increased the risk of
recurrent stroke in patients with ICAS>50% (HR 1.75,
95% CI 0.98 to 3.10, p=0.06), which was slightly higher
than that in patients with ICAS<50% (HR 1.34, 95% CI
0.66 to 2.74, p=0.42); however, there were no statistical
significance in both groups. In the intracranial cerebral
artery occlusion (ICAO) subgroup analysis, which was the
most severe ICAS, CHIP was significantly associated with
recurrent stroke in patients with ICAO (HR 2.52, 95% CI
1.31 to 4.85, p=0.006) but not in those patients without
ICAO (HR 1.13, 95%CI 0.61 to 2.10, p=0.69). However,
the interaction between CHIP and ICAO for the risk of
recurrent stroke was not significant (P, =0.08).

interaction

DISCUSSION

Our study demonstrated that CHIP was frequent in
elderly patients who had a first-ever AIS, and associated
with recurrent stroke, recurrent ischaemic stroke and
combined vascular events of patients who had a first-ever
AIS, especially when patients under hyperinflammation.

In this study, the prevalence of CHIP was approxi-
mately 3.70%, based on a variant allele frequency (VAF)
of mutation>0.05, which was slightly lower than the previ-
ously reported 6.5% in a coronary heart disease cohort
with a median age of 60 years® and 4.3% in the general
population.'” This is likely owing to the ethnic differ-
ences and the characteristics of the study population.
Consistent with the previous studies, CHIP frequently
occurred in patients who had an AIS of advanced age,
especially when patients were over 80 years of age. Also,
the genes involved in epigenetic regulation were the most
frequently mutated in CHIP carriers, such as DNMT3A
and TET2, which are also ageing signatures. The associa-
tion of CHIP with blood characteristics revealed that the
NLR value of CHIP carriers, which is a predictive marker
of short-term adverse outcomes of first-ever stroke,” was
significantly higher than that of non-CHIP carriers. More-
over, NLR is considered a measurement index of inflam-
mation levels,23 suggesting a relationship among CHIP,
inflammation and poor outcomes of first-ever AIS.

Our results revealed that CHIP was significantly asso-
ciated with recurrent stroke, recurrent ischaemic stroke,
and combined vascular events in patients who had a first-
ever AIS. We used three different IPTW models to weight
the Cox regression model, and each of the models gave
the similar results. However, only the model with hs-CRP
was statistically significant, suggesting that hs-CRP levels
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at baseline might play a key role between CHIP and
outcomes of first-ever AIS. Fuster et al** have shown that
CHIP contributes to the development of cardiovascular
disease by targeting specific inflammatory pathways. They
reported that, in a mice model with low-density lipopro-
tein receptor-deficient (Ldlr—/-), TET2-driven CHIP
leads to a noticeable increase in atherosclerotic plaque
size by generating a pool of macrophages with elevated
transcript levels of inflammatory markers, including IL-6
and IL-1B. Another study demonstrated that monocytes
from patients with cardiovascular disease and DNMT3A/
TET2 -driven CHIP might cause excessive inflammatory
responses.” Inflammation is also a considerable risk
factor independent of traditional vascular risk factors for
recurrent ischaemic stroke and contributes to the rupture
of atherosclerotic plaque.?® *” Hs-CRP is a widely used
inflammatory biomarker that can reflect hyperinflamma-
tion after AIS, and the relationship between hs-CRP and
stroke has been extensively investigated.'® Our subgroup
analysis illustrated that the risk of recurrent stroke
increased by CHIP was only significant in patients with
hyperinflammation, which indicates that hyperinflamma-
tion appeared to play a critical role between CHIP and
recurrent stroke. Accordingly, our results suggest that
CHIP is of great significance for recurrent stroke, which
may be due to the exaggerated poststroke inflammatory
response that results in the rupture of unstable plaque.
However, further experimental evidence is needed for a
definitive causal relationship among CHIP, inflammation
and recurrent stroke.

Previous investigations have revealed that a higher
atherosclerosis burden, such as intracranial artery occlu-
sion, was another independent predictor for recurrent
stroke in addition to inflammation status.*** We found
that CHIP carriers had a significantly higher risk of
recurrent stroke only when they had ICAO, but a signif-
icant interaction of CHIP and the severity of ICAS was
not observed. Therefore, we hypothesise that, unlike
cardiovascular disease, the adverse effect of CHIP on the
recurrent stroke in patients who had a first-ever AIS is not
mainly caused by an increased atherosclerosis burden. In
contrast, inflammation may play a more important role
between CHIP and recurrent stroke.

Limitations

We had several limitations in this study. Although it is the
largest to date to focusing on CHIP and stroke prognosis,
the number of CHIP carriers is limited, which might have
prevented the assessment of the association between
CHIP driver mutations and clinical outcomes. When
calculating Cox regression, we used stabilised IPTW
models to balance the confounding and sample size so
that the p value was close to 0.05. However, the results still
require further verification in other cohorts to make the
evidence more conclusive. Moreover, we only explored
CHIP as a whole and did not evaluate the specific effect
for each of them. Further study to investigate this issue in
a larger scale cohort will be conducted in future work. In

addition, all of our participants were enrolled only from
the Chinese population; therefore, our results require
further validation in worldwide cohorts. Nevertheless, we
firmly believe that our exploratory research results are
strongly suggestive.

CONCLUSION

We found that CHIP was frequentin elderly patients and it
was associated with recurrent stroke, recurrent ischaemic
stroke, and combined vascular events 3 months after
symptom onset in first-ever AIS, especially when patients
under hyperinflammation. We propose that the hyperin-
flammation status might play a critical role in the associ-
ation between CHIP and recurrent stroke. Future studies
should conduct external clinical cohort verification and
experimental validation of the underlying mechanisms.
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SUPPLEMENTAL MATERIAL

Table 1: Association of CHIP with blood traits

Table 2: Associations between CHIP and recurrent stroke in selected subgroups

Figure 1: Flow chart of patients’ enrolment

Figure 2: Prevalence of DNMT3A and TET2 according to age.

Figure 3: The comparison of cumulative incidence of stroke recurrence, combined vascular
event, and death within 3 months between CHIP and non-CHIP carriers.

Table 1. Association of CHIP with blood traits

Trait Estimate Std.Error P gene

BA -0.328 1.989 0.869 All CHIP
EO -0.071 0.501 0.887 All CHIP
HCT 0.002 0.005 0.715 All CHIP
HGB 0.001 0.005 0.860 All CHIP
LY -0.178 0.108 0.101 All CHIP
MCH 0.012 0.005 0.009 All CHIP
MCHC 0.007 0.003 0.033 All CHIP
MCV 0.007 0.012 0.555 All CHIP
MONO -0.106 0.373 0.776 All CHIP
MPV -0.006 0.048 0.894 All CHIP
NEUT 0.048 0.019 0.011 All CHIP
PCT 0.005 0.033 0.871 All CHIP
PDW 0.019 0.019 0.308 All CHIP
PDWCV 0.019 0.010 0.071 All CHIP
PLCR 0.007 0.009 0.465 All CHIP
PLT 0.004 0.001 <0.0001 All CHIP
RBC -0.125 0.137 0.364 All CHIP
RDW 0.019 0.017 0.262 All CHIP
RDWCV 0.068 0.041 0.096 All CHIP
WBC 0.033 0.029 0.267 All CHIP
NLR 0.032 0.015 0.037 All CHIP
BA 0.003 0.659 0.996 DNMT3A
EO 0.472 0.715 0.509 DNMT3A
HCT -0.001 0.008 0.925 DNMT3A
HGB -0.001 0.009 0.942 DNMT3A
LY 0.051 0.120 0.669 DNMT3A
MCH 0.016 0.005 0.001 DNMT3A
MCHC 0.002 0.009 0.850 DNMT3A
MCV 0.037 0.022 0.095 DNMT3A
MONO -0.075 0.660 0.909 DNMT3A
MPV -0.196 0.077 0.010 DNMT3A
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NEUT 0.051 0.024 0.030 DNMT3A
PCT 0.051 0.032 0.112 DNMT3A
PDW 0.008 0.040 0.842 DNMT3A
PDWCV 0.012 0.020 0.557 DNMT3A
PLCR -0.013 0.017 0.453 DNMT3A
PLT 0.004 0.002 0.018 DNMT3A
RBC -0.274 0.248 0.269 DNMT3A
RDW 0.036 0.031 0.237 DNMT3A
RDWCV 0.077 0.075 0.304 DNMT3A
WBC -0.005 0.055 0.934 DNMT3A
NLR 0.001 0.036 0.978 DNMT3A
BA -19.129 14.078 0.174 TET2
EO -9.968 3.799 0.009 TET2
HCT -0.007 0.012 0.545 TET2
HGB 0.004 0.014 0.776 TET2
LY -0.737 0.381 0.053 TET2
MCH 0.006 0.032 0.853 TET2
MCHC 0.012 0.007 0.085 TET2
MCV -0.015 0.035 0.674 TET2
MONO -1.875 1.291 0.146 TET2
MPV 0.239 0.149 0.109 TET2
NEUT 0.079 0.027 0.004 TET2
PCT -0.129 0.369 0.727 TET2
PDW 0.016 0.053 0.766 TET2
PDWCV 0.042 0.022 0.063 TET2
PLCR 0.029 0.026 0.262 TET2
PLT 0.003 0.003 0.319 TET2
RBC -0.054 0.396 0.892 TET2
RDW 0.060 0.045 0.188 TET2
RDWCV -0.012 0.083 0.889 TET2
WBC -0.020 0.091 0.825 TET2
NLR 0.047 0.021 0.025 TET2
BA 0.077 0.836 0.927 JAK2
EO 1.236 0.894 0.167 JAK2
HCT -0.008 0.017 0.651 JAK2
HGB 0.042 0.015 0.004 JAK2
LY -0.261 0.451 0.562 JAK2
MCH -0.012 0.120 0.917 JAK2
MCHC 0.003 0.016 0.855 JAK2
MCV -0.010 0.048 0.838 JAK2
MONO 1.294 0.557 0.020 JAK2
MPV 0.080 0.204 0.694 JAK2
NEUT 0.085 0.033 0.009 JAK2
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PCT -0.005 0.148 0.972 JAK2
PDW -0.159 0.110 0.149 JAK2
PDWCV -0.102 0.149 0.494 JAK2
PLCR 0.006 0.035 0.863 JAK2
PLT 0.015 0.002 <.0001 JAK2
RBC 0.003 0.022 0.877 JAK2
RDW 0.136 0.043 0.002 JAK2
RDWCV 0.438 0.128 0.001 JAK2
WBC 0.235 0.076 0.002 JAK2
NLR 0.051 0.029 0.076 JAK2
BA -11.612 17.640 0.510 GNAS
EO -3.253 3.575 0.363 GNAS
HCT 0.025 0.028 0.371 GNAS
HGB 0.041 0.017 0.017 GNAS
LY -0.796 0.560 0.155 GNAS
MCH -0.158 0.110 0.153 GNAS
MCHC 0.010 0.007 0.156 GNAS
MCV -0.095 0.037 0.009 GNAS
MONO -1.603 1.886 0.395 GNAS
MPV -0.154 0.193 0.424 GNAS
NEUT 0.080 0.037 0.032 GNAS
PCT -5.908 6.386 0.355 GNAS
PDW 0.097 0.033 0.004 GNAS
PDWCV -0.087 0.155 0.574 GNAS
PLCR -0.021 0.042 0.622 GNAS
PLT 0.001 0.005 0.867 GNAS
RBC 0.003 0.021 0.896 GNAS
RDW -0.014 0.071 0.842 GNAS
RDWCV 0.209 0.207 0.311 GNAS
WBC 0.173 0.096 0.073 GNAS
NLR 0.047 0.027 0.077 GNAS
BA -0.328 1.989 0.869 SF3B1
EO -0.071 0.501 0.887 SF3B1
HCT 0.002 0.005 0.715 SF3B1
HGB 0.001 0.005 0.860 SF3B1
LY -0.178 0.108 0.101 SF3B1
MCH 0.012 0.005 0.009 SF3B1
MCHC 0.007 0.003 0.033 SF3B1
MCV 0.007 0.012 0.555 SF3B1
MONO -0.106 0.373 0.776 SF3B1
MPV -0.006 0.048 0.894 SF3B1
NEUT 0.048 0.019 0.011 SF3B1
PCT 0.005 0.033 0.871 SF3B1
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PDW 0.019 0.019 0.308 SF3B1
PDWCV 0.019 0.010 0.071 SF3B1
PLCR 0.007 0.009 0.465 SF3B1
PLT 0.004 0.001 <0.0001 SF3B1
RBC -0.125 0.137 0.364 SF3B1
RDW 0.019 0.017 0.262 SF3B1
RDWCV 0.068 0.041 0.096 SF3B1
WBC 0.033 0.029 0.267 SF3B1
NLR 0.032 0.015 0.037 SF3B1

RDWCYV, Red blood cell distribution width CV; BA, Basophilic absolute value; EO, Eosinophilic
absolute value; HCT, Hematocrit; HGB, Hemoglobin; LY, Lymphocyte count; MCH, Mean
corpuscular hemoglobin; MCHC, Mean hemoglobin concentration; MCV, Mean corpuscular
volume; MONO, Monocyte count; MPV, Mean platelet volume; NEUT, Neutrophil absolute value;
PCT, Platelet pressure; PDW, Platelet distribution width; PLCR, Large platelet ratio; PLT,
Absolute platelet value; RBC, Absolute value of red blood cells; RDW, Red blood cell
distribution width; PDWCYV, Platelet distribution width; WBC, Absolute white blood cell; PDWCYV,
Platelet distribution width; NLR, neutrophil to lymphocyte ratio.

Qiu X, et al. Sroke Vasc Neurol 2022;0:1-8. doi: 10.1136/svn-2022-001756



Supplemental material

BMJ Publishi G ted (BM | all liabilit bili f eli
B e b e e e

Stroke Vasc Neurol

Table 2. Associations between CHIP and recurrent stroke in selected subgroups

CHIP No CHIP Unadjusted Adjusted?
Hyper-inflammation (%) (%) HR (95% ClI) P Pinteraction HR (95% ClI) P Pinteraction
Yes 12.63 6.71 1.93 (1.07-3.48) 0.03 0.01 3.10 (1.92-5.00) <.001 0.002
No 5.50 1.60 0.29(0.07-1.16) 0.08 0.18 (0.03-1.04) 0.06
ICAS250%
Yes 7.34 6.93 1.05 (0.52-2.14) 0.89 0.95 1.75 (0.98-3.10) 0.06 0.57
No 5.41 5.01 1.09 (0.48-0.84) 0.84 1.34 (0.66-2.74) 0.42
ICAO
Yes 12.77 8.25 1.56 (0.69-3.57) 0.29 0.28 2.52 (1.31-4.85) 0.006 0.08
No 4.62 5.53 0.87 (0.43-1.75) 0.69 1.13 (0.61-2.10) 0.69

aData were adjusted with a stable inverse probability of treatment weighted (IPTW) based on the propensity score (PS). Variables used for calculating PS
included age, sex, BMI, smoking, drinking, history of the disease (i.e., hypertension, diabetes mellitus and hyperlipidemia), TOAST classification, admitting
NIHSS.

HR, hazards ratio; 95% CI, 95% confidence interval; CHIP, clonal hematopoiesis of indeterminate potential; ICAS, intracranial atherosclerotic stenosis; ICAO,

intracranial atherosclerotic occlusion;
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15166 AIS/TIA patients in CNSR-III

1020 patients diagnosis as TIA, 2935 patients with
history of IS and 237 with history of TIA were
excluded

10974 first-ever IS
patients

3634 patients without qualified WGS data, 451
patients without imaging data and 810 patients
without laboratory results were excluded

6079 patients with
qualified clinical and
genetic information

63 patients with history of malignances,

6016 patients were
enrolled in this study

3
4 Figure 1: Flow chart of patients’ enrolment
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13 Figure 2: Prevalence of (A) DNMT3A and (B) TETZ2 according to age.
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