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Minor ischemic stroke or transient ischemic attack (TIA) are com­
mon disorders with a high rate of subsequent disabling stroke.1 
Several trials have shown the benefit of dual antiplatelet therapy 
with clopidogrel–acetylsalicylic acid (ASA) or ticagrelor–ASA in 
the secondary prevention of stroke.2–4 However, despite anti­
platelet therapy, the risk of another stroke within 3 months after 
the initial event is still approximately 5%–10%,5–7 which might be 
owing to the variability of patient responses to different anti­
platelet therapies, with a considerable proportion exhibiting 
diminished or absent antiplatelet effects.8,9 Early identification 
and clinical management of these patients is thus important.

Levels of homocysteine, a metabolite of methionine deg­
radation, are associated with the progression of atherosclerosis.10,11 
Elevated levels of homocysteine induce changes in coagulation, tis­
sue factor expression, fibrinolysis, and endothelial function, and 
also impair the function of platelets, thereby increasing the risk of 
initial and recurrent stroke.12–14 Additionally, elevated levels of 
homocysteine could enhance the metabolism of eicosanoids and 
promote the overproduction of platelet thromboxane, leading to 
increased platelet adhesion and inadequate platelet inhibition.15

The hypothesis that homocysteine levels could modulate 
platelet reactivity in patients treated with dual antiplatelet 
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Abstract
Background: Elevated homocysteine 
levels are associated with increased blood 
coagulation and platelet activity and may 
modulate the response to antiplatelet 
therapies. We aimed to investigate the 
effects of homocysteine levels on the effi­
cacy and safety of ticagrelor–acetylsalicylic 
acid (ASA) versus clopidogrel–ASA among 
patients with minor stroke or transient 
ischemic attack who carried CYP2C19 
loss-of-function alleles. 

Methods: We conducted a post hoc 
analysis of the CHANCE-2 (The Clopido­
grel in High-risk Patients with Acute Non­
disabling Cerebrovascular Events–II) 
trial. Participants were randomly 
assigned to treatment with ticagrelor–
ASA or clopidogrel–ASA. We categorized 
participants into groups with elevated 
and non-elevated homocysteine levels, 

based on the median level. The primary 
efficacy outcome was recurrent stroke 
within 90-day follow-up. The primary 
safety outcome was severe or moderate 
bleeding within 90 days.

Results: A total of 2740 participants 
were randomly assigned to receive 
ticagrelor–ASA and 2700 to receive 
clopidogrel–ASA. Use of ticagrelor–ASA 
was associated with a reduced risk 
of recurrent stroke among participants 
with elevated homocysteine levels (74 
[5.3%] v. 119 [8.5%]; hazard ratio [HR] 
0.60, 95% confidence interval [CI] 0.45–
0.81), but not among those with non-
elevated levels (86 [6.4%] v. 87 [6.7%]; 
HR 0.97, 95% CI 0.71–1.32; p = 0.04 for 
interaction). When analyzed as a con­
tinuous variable, the benefits of 
ticagrelor–ASA with regard to recurrent 

stroke increased as homocysteine levels 
increased (p = 0.04 for interaction). No 
significant interaction between homo­
cysteine levels and treatment with 
regard to severe or moderate bleeding 
was observed (p = 0.7 for interaction). 
We found a significant interaction 
between homocysteine levels and ther­
apy with regard to recurrent stroke in 
females (p = 0.04 for interaction) but 
not males.

Interpretation: In comparison with 
clopidogrel–ASA, ticagrelor–ASA con­
ferred more benefit to patients with ele­
vated homocysteine levels, particularly 
to female patients, in this secondary 
analysis of a randomized controlled trial 
involving patients with minor ischemic 
stroke or TIA.  Trial registration: 
ClinicalTrials.gov, no. NCT04078737
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medications has been tested in several trials conducted 
among patients with acute coronary syndrome undergoing 
percutaneous coronary interventions, with contrasting 
results.16–19 Little is known about whether homocysteine levels 
could modify the benefits of different dual antiplatelet treat­
ments in preventing stroke.

We aimed to investigate the effect of homocysteine levels on 
the efficacy and safety of ticagrelor–ASA versus clopidogrel–
ASA among patients with minor ischemic stroke or TIA who 
carried CYP2C19 loss-of-function (LOF) alleles, using data from 
the CHANCE-2 (Clopidogrel in High-risk Patients with Acute 
Nondisabling Cerebrovascular Events–II) trial.

Methods

We conducted a post hoc analysis of the CHANCE-2 trial. Details on 
the study design, protocol, and primary results of the CHANCE-2 
trial have been published elsewhere.4,20 Briefly, the CHANCE-2 trial 
was a multicentre, randomized, double-blind, placebo-controlled 
trial designed to assess the efficacy and safety of dual-antiplatelet 
therapy with ticagrelor–ASA versus clopidogrel–ASA in CYP2C19 
LOF carriers with stroke or TIA. Inclusion criteria were patients 
who were aged 40 years or older, had either an acute nondisabling 
stroke with a National Institutes of Health Stroke Scale score of 3 
or less or a high-risk TIA with an ABCD2 (Age, Blood pressure, Clin­
ical features, Duration of symptoms, Diabetes) score of 4 or 
greater, and could start the trial within 24 hours after symptom 
onset. A total of 6412 patients were enrolled at 202 centres in 
China from Sept. 23, 2019, to Mar. 22, 2021. For this analysis, we 
excluded 972 patients with missing data on homocysteine. 

Randomization and treatment
Within 24 hours after symptom onset, patients were randomly 
assigned in a 1:1 ratio to receive 90 days of ticagrelor (180 mg 
loading dose on day 1 followed by 90 mg twice daily on days 2–90 
plus placebo clopidogrel) or clopidogrel (300 mg loading dose on 
day 1 followed by 75 mg daily on days 2–90 plus placebo ticagre­
lor). All patients received 21 days of ASA (75 to 300 mg loading 
dose on day 1 followed by 75 mg daily for 21 days).

Measurements of homocysteine
Fasting venous blood samples were drawn in serum separator 
tubes within 48 hours of symptom onset for the biochemical 
measurements. Serum was extracted within 1 hour and shipped 
on ice by overnight courier from each participating hospital to 
Beijing Tiantan Hospital (China), where all data analyses were 
performed. The specimens were stored in a –80°C frost-free 
freezer and were not thawed until analyzed for this study. Levels 
of total homocysteine were measured with the enzymatic method 
in the clinical laboratory in Beijing Tiantan Hospital by laboratory 
personnel unaware of the clinical data. The intra-assay coefficient 
of variation of homocysteine concentrations was 2.7%.

Efficacy and safety outcomes
The primary efficacy outcome was recurrent stroke within 
90 days. The secondary efficacy outcomes included new stroke 

within 30 days, a vascular event (a composite of stroke, TIA, 
myocardial infarction or vascular death) within 90 days, ischemic 
stroke within 90 days, disabling stroke (Modified Rankin Scale 
[MRS] score ≥ 2) at 90 days, and severity of stroke or TIA21 within 
90 days (a 6-level ordinal scale to measure severity: fatal stroke, 
severe stroke [stroke with subsequent MRS score of 4 or 5], 
moderate stroke [stroke with subsequent MRS score of 2 or 3], 
mild stroke [stroke with subsequent MRS score of 0 or 1], TIA, 
and no stroke or TIA).

The primary safety outcome was severe or moderate bleed­
ing, which was defined using the Global Utilization of Strepto­
kinase and Tissue Plasminogen Activator for Occluded Coronary 
Arteries criteria within 90 days.22 Secondary safety outcomes 
included any bleeding, death, adverse events, and severe 
adverse events through 90 days of follow-up. All efficacy and 
safety outcomes were confirmed by an independent clinical 
event adjudication committee, whose members were unaware of 
which treatment patients received.

Statistical analysis
We analyzed homocysteine levels as both categorical and con­
tinuous variables. The threshold of homocysteine levels that 
predict atherosclerotic diseases has varied in different regions 
and populations, and no specific cutoff has been found in previ­
ous studies.23–26 Therefore, we used the median homocysteine 
value (12.9 µmol/L) to define groups with elevated and non-
elevated homocysteine levels, as previously done.27–30 We pres­
ented descriptive data as medians with interquartile ranges 
(IQR) for continuous variables and frequencies with percent­
ages for categorical variables. We compared baseline charac­
teristics between ticagrelor–ASA and clopidogrel–ASA in differ­
ent homocysteine categories by Wilcoxon test for continuous 
variables and by χ2 test for categorical variables. We used the 
Kaplan–Meier product limit method to generate survival plots 
on the primary efficacy outcome.

We assessed differences in the primary outcome and other 
survival outcomes during the 90-day follow-up period using a 
Cox proportional hazards regression model with study centres 
set as a random effect; we reported hazard ratios (HRs) with 
95% confidence intervals (CIs). When there were multiple 
events of the same type, we used the time to the first event in 
the model. We censored data from patients who had no event 
during 90-day follow-up at termination of the trial or nonvascu­
lar death. We tested the proportional hazards assumption using 
Schoenfeld residuals, which was met for all models (p > 0.05 for 
all models, Appendix 1, Table S1, available at www.cmaj.ca/
lookup/doi/10.1503/cmaj.231262/tab-related-content). We per­
formed shift analysis for comparison of the secondary outcome 
of ordinal stroke or TIA between the 2 treatment groups with 
the use of logistic regression, and we calculated the common 
odds ratio and 95% CI. We evaluated interactions of treatment 
assignment with homocysteine categories with the addition of 
treatment by homocysteine categories in the model. We also 
evaluated the impact of homocysteine levels as a continuous 
variable on the effect of dual-antiplatelet therapy on recurrent 
stroke, assuming a linear relation. Because renal disease may 
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change homocysteine levels, we performed a sensitivity analy­
sis adjusted for renal function. Finally, we performed subgroup 
analyses stratified by sex and CYP2C19 genotypes.31,32

We performed all statistical analyses with SAS statistical soft­
ware, version 9.4 (SAS Institute Inc.). All tests were 2-sided, and 
we considered a p value less than 0.05 to be significant.

Ethics approval
The trial was approved by the ethics committee at Beijing 
Tiantan Hospital (approval no. KY2019-035-02) and all partici­
pating centres. Written informed consent was provided by all 
the patients or their representatives before enrolment.

Results

A total of 5440 participants were entered into the study. The number 
of patients randomly assigned to the 2 treatment groups, patients 
excluded because of missing homocysteine levels, and patients with 
low and high homocysteine levels are shown in Figure 1. Compared 
with patients excluded, those who were included were more likely 
to be younger, male, current smokers, randomly assigned more 
than 12 hours after symptom onset, and to have a qualifying TIA and 
to have had previously taken antiplatelet therapy. There was no dif­
ference in the rate of recurrent stroke within 90 days between the 
included and excluded patients (Appendix 1, Table S2).

The median homocysteine level of patients included in this 
analysis was 12.9 µmol/L (IQR 10–17.98 µmol/L); it was higher 
among males (14.1 µmol/L, IQR 10.9–20.0 µmol/L) than 
females (11.1 µmol/L, IQR 8.8–14.6 µmol/L). Baseline charac­
teristics were not significantly different between the ticagrelor–
ASA and clopidogrel–ASA groups within homocysteine cat­
egories, except that patients with elevated homocysteine were 
older in the ticagrelor–ASA group than those in the clopidogrel–
ASA group (median difference 0.7 yr) (Table 1).

Use of ticagrelor–ASA significantly reduced the risk of recur­
rent stroke within 90 days among patients with elevated homo­
cysteine levels (74 [5.3%] v. 119 [8.5%]; HR 0.60, 95% CI 0.45–0.81; 
p < 0.001), whereas this benefit was not seen in patients with non-
elevated homocysteine levels (86 [6.4%] v. 87 [6.7%]; HR 0.97, 
95% CI 0.71–1.32; p = 0.8), with a significant homocysteine 
category-by-treatment interaction of 0.04 (Table 2 and Figure 2). 
When analyzed as a continuous variable, homocysteine levels 
also significantly modulated the effect of ticagrelor–ASA on the 
primary outcome. As homocysteine levels increased, the risk of 
recurrent stroke within 90 days decreased among patients receiv­
ing ticagrelor–ASA compared with those receiving clopidogrel–
ASA (p = 0.04 for interaction) (Figure 3). Similar trends were seen 
with the secondary outcomes, although the test for interaction 
was not significant (Table 2). Sensitivity analysis adjusted for 
renal function yielded similar results (Appendix 1, Table S3).

The primary safety outcome of severe or moderate bleeding 
occurred with similar frequency in the ticagrelor–ASA group and 
clopidogrel–ASA group independent of homocysteine levels 
(0.2% v. 0.2% in the group with elevated homocysteine levels; 
0.4% v. 0.4% in the group with non-elevated homocysteine 
levels; p = 0.7 for interaction). Homocysteine category did not 
affect the risk of other safety outcomes (Table 2).

Among female patients, treatment with ticagrelor–ASA, com­
pared with clopidogrel–ASA, was associated with a lower rate of 
recurrent stroke only in those with elevated homocysteine levels 
(HR 0.45, 95% CI 0.22–0.90; p = 0.007 for interaction). Use of 
ticagrelor–ASA reduced recurrent stroke to a similar degree in 
male patients regardless of homocysteine levels (p = 0.8 for inter­
action; Appendix 1, Table S4). Sex differences were also observed 
for secondary outcomes (Appendix 1, Table S4). There was no 
significant interaction between homocysteine levels and anti­
platelet therapy among patients who were intermediate and low 
metabolizers (Appendix 1, Table S5).

Randomly assigned  
n = 6412

Received ticagrelor and ASA
and were included in the

intention-to-treat population
n = 3205

Received clopidogrel and ASA
and were included in the

intention-to-treat population
n = 3207

Excluded
• Patients without Hcy

measurement n =  507

Patients with
Hcy ≤ 12.9 µmol/L

n = 1349

Patients with
Hcy > 12.9 µmol/L

n = 1391

Patients with
Hcy ≤ 12.9 µmol/L

n = 1301

Patients with
Hcy > 12.9 µmol/L

n = 1399

Excluded
• Patients without Hcy

measurement n =  465

Figure 1: Flow chart of the study. Note: ASA = acetylsalicylic acid, Hcy = homocysteine.
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Table 1: Baseline characteristics according to homocysteine level and treatment  

Characteristic

Homocysteine ≤ 12.9 µmol/L
n = 2650

Homocysteine > 12.9 µmol/L
n = 2790

No. (%) of patients*

p value

No. (%) of patients*

p value
Ticagrelor–ASA

n = 1349
Clopidogrel–ASA

n = 1301
Ticagrelor–ASA

n = 1391
Clopidogrel–ASA

n = 1399

Age, yr, median (IQR) 63.6 (56.1–70.2) 63.6 (56.2–69.7) 0.7 65.9 (57.5–73.2) 65.2 (56.9–72.3) 0.04

Sex, female 594 (44.0) 598 (46.0) 0.3 326 (23.4) 294 (21.0) 0.1

Ethnicity, Han 1326 (98.3) 1270 (97.6) 0.2 1360 (97.8) 1371 (98.0) 0.7

Blood pressure, mm Hg, median (IQR) 

    Systolic 150 (137–161.5) 148.5 (136–161) 0.4 147 (136–162) 148 (135.5–161) 0.6

    Diastolic 86 (80–94) 86 (80–94) 0.6 86 (80–95) 86 (80–95) 0.7

Medical history

    Hypertension 833 (61.7) 795 (61.1) 0.7 862 (62.0) 877 (62.7) 0.7

    Diabetes mellitus 409 (30.3) 378 (29.1) 0.5 278 (20.0) 259 (18.5) 0.3

    Dyslipidemia 137 (10.2) 132 (10.1) > 0.9 144 (10.4) 119 (8.5) 0.1

    Previous ischemic stroke 254 (18.8) 276 (21.2) 0.1 324 (23.3) 319 (22.8) 0.8

    Previous TIA 19 (1.4) 19 (1.5) 0.9 19 (1.4) 18 (1.3) 0.8

    Myocardial infarction 19 (1.4) 24 (1.8) 0.4 25 (1.8) 13 (0.9) 0.05

Current smoking 360 (26.7) 316 (24.3) 0.2 519 (37.3) 532 (38.0) 0.7

CYP2C19 LOF allele carriers

    Intermediate metabolizers 1053 (78.1) 1022 (78.6) 0.8 1072 (77.1) 1095 (78.3) 0.4

    Poor metabolizers 296 (21.9) 279 (21.4) 319 (22.9) 304 (21.7)

Median time from symptom onset to 
randomization, h

    < 12 554 (41.1) 531 (40.8) 0.9 560 (40.3) 549 (39.2) 0.6

    ≥ 12 795 (58.9) 770 (59.2) 831 (59.7) 850 (60.8)

Qualifying event

    Ischemic stroke 1071 (79.4) 1019 (78.3) 0.5 1114 (80.1) 1144 (81.8) 0.3

    TIA 278 (20.6) 282 (21.7) 277 (19.9) 255 (18.2)

NIHSS score in patients with qualifying 
ischemic stroke, median (IQR)†

2 (1–3) 2 (1–3) 0.5 2 (1–3) 2 (1–3) 0.5

ABCD2 score in patients with qualifying 
TIA, median (IQR)‡

4 (4–5) 4 (4–5) 0.9 4 (4–5) 5 (4–5) > 0.9

Previous antiplatelet therapy§ 157 (11.6) 157 (12.1) 0.7 181 (13.0) 162 (11.6) 0.2

Previous lipid-lowering therapy§ 109 (8.1) 107 (8.2) 0.9 116 (8.3) 103 (7.4) 0.3

Symptomatic ICAS 517 (41.0) 495 (41.3) 0.9 520 (40.3) 500 (38.6) 0.4

Symptomatic ECAS 102 (8.1) 87 (7.3) 0.4 133 (10.3) 123 (9.5) 0.5

eGFR, median (IQR), mL/min/1.73 m2 96.3 (87.7–104.1) 95.8 (87.6–104.2) 0.6 90.6 (78.0–99.8) 91.6 (78.6–102.3) 0.07

Note: ABCD2 = Age, Blood pressure, Clinical features, Duration of symptoms, Diabetes, ASA = acetylsalicylic acid, ECAS = extracranial artery stenosis, eGFR = estimated 
glomerular filtration rate, ICAS = intracranial artery stenosis, IQR = interquartile range, LOF = loss-of-function, NIHSS = National Institutes of Health Stroke Scale, 
TIA = transient ischemic attack.
*Unless stated otherwise.
†NIHSS scores range from 0 to 42, with higher scores indicating more severe stroke.
‡ABCD2 score assesses the risk of stroke on the basis of age, blood pressure, clinical features, duration of TIA, and presence or absence of diabetes, with scores ranging 
from 0 to 7 and higher scores indicating greater risk.
§Medication within 1 month before symptom onset.
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Interpretation

We found that, compared with clopidogrel–ASA, ticagrelor–ASA 
significantly reduced the risk of recurrent stroke without 
increased bleeding events among patients who carried the 
CYP2C19 LOF alleles who had minor stroke or TIA and elevated 

homocysteine levels, especially female patients. In this post hoc 
analysis, we found no difference between the 2 treatments 
among patients with non-elevated homocysteine levels. The 
results suggest that homocysteine could be a potential biomarker 
to guide dual-antiplatelet strategies, but these results should be 
replicated by others before they influence practice.

Table 2: Efficacy and safety outcomes of patients according to homocysteine level and treatment  

Outcome

Homocysteine ≤ 12.9 µmol/L
n = 2650

Homocysteine > 12.9 µmol/L
n = 2790

p value for 
interaction

No. (%) of patients

HR (95% CI) p value

No. (%) of patients

HR (95% CI) p value

Ticagrelor–
ASA event 

rate*
n = 1349

Clopidogrel–
ASA event 

rate*
n = 1301

Ticagrelor–
ASA event 

rate*
n = 1391

Clopidogrel–
ASA event 

rate*
n = 1399

Primary outcome

Stroke 86 (6.4) 87 (6.7) 0.97 (0.71–1.32) 0.8 74 (5.3) 119 (8.5) 0.60 (0.45–0.81) < 0.001 0.04

Secondary outcome

Stroke within 30 days 72 (5.3) 74 (5.7) 0.95 (0.68–1.33) 0.8 58 (4.2) 98 (7.0) 0.57 (0.41–0.79) < 0.001 0.06

Composite 
vascular events†

96 (7.1) 114 (8.8) 0.84 (0.63–1.11) 0.2 95 (6.8) 134 (9.6) 0.69 (0.53–0.90) 0.01 0.5

Ischemic stroke 86 (6.4) 85 (6.5) 0.99 (0.73–1.35) > 0.9 72 (5.2) 116 (8.3) 0.60 (0.45–0.81) < 0.001 0.04

    Disabling stroke‡ 44 (3.3) 33 (2.5) 1.30 (0.82–2.05) 0.3 36 (2.6) 43 (3.1) 0.83 (0.53–1.30) 0.4 0.2

    Ordinal stroke or TIA§ 0.81 (0.61–1.08) 0.2 0.71 (0.54–0.93) 0.01 0.5

        Fatal stroke 
       (MRS score 6)

2 (0.2) 3 (0.2) 1 (0.1) 3 (0.2)

       Severe stroke 
       (MRS score 4–5)

14 (1.0) 7 (0.5) 11 (0.8) 8 (0.6)

       Moderate stroke 
       (MRS score 2–3)

28 (2.1) 23 (1.8) 24 (1.7) 32 (2.3)

       Mild stroke 
       (MRS score 0–1)

42 (3.1) 54 (4.2) 38 (2.7) 76 (5.4)

       TIA 9 (0.6) 25 (1.9) 20 (1.4) 11 (0.8)

       No stroke or TIA 1255 (93.0) 1189 (91.4) 1297 (93.2) 1269 (90.7)

Primary safety outcome

Severe or moderate 
bleeding¶

3 (0.2) 2 (0.2) 1.59 (0.27–9.58) 0.6 6 (0.4) 6 (0.4) 0.82 (0.25–2.71) 0.7 0.7

    Fatal bleeding 1 (0.1) 0 (0.0) NA NA 2 (0.1) 3 (0.2) 0.72 (0.12–4.34) 0.7 > 0.9

    Intracranial 
    hemorrhage

0 (0.0) 2 (0.2) NA NA 3 (0.2) 4 (0.3) 0.70 (0.15–3.22) 0.6 > 0.9

Secondary safety outcome

Any bleeding 76 (5.6) 34 (2.6) 2.61 (1.69–4.03) < 0.001 77 (5.5) 32 (2.3) 2.38 (1.56–3.63) < 0.001 0.7

Mild bleeding ¶ 73 (5.4) 32 (2.5) 2.70 (1.73–4.24) < 0.001 71 (5.1) 26 (1.9) 2.75 (1.73–4.35) < 0.001 0.9

Death 3 (0.2) 4 (0.3) 0.68 (0.15–3.03) 0.6 4 (0.3) 10 (0.7) 0.45 (0.14–1.48) 0.2 0.6

Note: ASA = acetylsalicylic acid, CI = confidence interval, HR = hazard ratio, MRS = Modified Rankin Scale, NA = not applicable, TIA = transient ischemic attack.
*Event rates for ordinal stroke or TIA are raw estimates, whereas event rates for other outcomes are Kaplan–Meier estimates of the percentage of patients with events at 90 days.
†Composite vascular events include ischemic stroke, hemorrhagic stroke, TIA, myocardial infarction, and vascular death.
‡A stroke was defined as disabling if the patient had a subsequent score on the MRS of greater than 1 (indicating death or any degree of disability).
§Severity measured using a 6-level ordered categorical scale that incorporates subsequent stroke or TIA events and MRS score at 3 months. The common odds ratio is 
shown rather than the hazard ratio.
¶Severe or moderate bleeding and mild bleeding were defined according to Global Utilization of Streptokinase and Tissue Plasminogen Activator for Occluded Coronary 
Arteries criteria.
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Studies have shown that homocysteine is a strong enhancer of 
platelet reactivity in vivo and in vitro,33,34 possibly by promoting the 
activation of factor V, suppressing thrombomodulin and protein C, 
interfering with the normal balance of coagulation, blunting endo­
thelial function, enhancing oxidative stress, inducing inflammation, 
enhancing adhesion of thrombin-activated platelets to collagen and 
fibrinogen, and promoting the production of platelet thrombox­
anes.15,18,35 However, studies of the effects of homocysteine levels on 
platelet reactivity in patients receiving antiplatelet therapies have 
found inconsistent results. One randomized multicentre study 
showed that among patients with coronary artery disease undergoing 
coronary angiography, elevated homocysteine was an independent 
predictor of suboptimal response to ASA.19 Similar results were 
reported by the Novara Atherosclerosis Study Group.18 However, 
another study reported that homocysteine levels did not significantly 
affect the rate of on-treatment platelet reactivity in patients treated 
with ticagrelor–ASA, or with adenosine–diphosphate antagonists 
(mainly clopidogrel).17 These studies did not address the possible role 
of homocysteine in modifying the response to antiplatelet therapy by 
testing the interaction between homocysteine levels and antiplatelet 
treatments, and none of them studied patients with stroke.

Although the primary results of the Vitamins to Prevent Stroke 
(VITATOPS) trial36 and Vitamin Intervention for Stroke Prevention 
(VISP) trial37 did not provide evidence that lowering homocysteine 
levels with folate and B vitamin therapy (including folic acid, vitamin 
B6, and vitamin B12) was effective for secondary prevention of stroke, 
post hoc analyses showed the effects of homocysteine-lowering 
agents on outcomes differed by antiplatelet usage. The post hoc 
analysis of the VITATOPS trial showed a significant interaction 
between B vitamins and antiplatelet therapy.38 Of the participants 
taking antiplatelet drugs at baseline, B vitamins had no significant 
effect on the risk of recurrent stroke, but a significant effect was seen 
in participants not taking antiplatelet drugs. Similarly, the post hoc 
analysis of the VISP trial showed that high-dose vitamin therapy was 
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associated with higher stroke risk among patients taking antiplatelet 
drugs, but trended toward lower risk among those not taking anti­
platelet drugs.39 These findings were further confirmed by a meta-
analysis including 11 randomized controlled trials.40 Because the 
benefits of homocysteine lowering on the risk of recurrent stroke 
were modified by antiplatelet therapies, it is possible that the bene­
fits of antiplatelet therapy may differ by homocysteine levels. This 
hypothesis was supported by the post hoc analysis of the CHANCE 
trial, showing that among female patients with minor stroke or high-
risk TIA, non-elevated homocysteine levels were associated with bet­
ter response to dual antiplatelet therapy with clopidogrel–ASA than 
monotherapy with ASA.27 Our study adds to this information by 
showing that elevated homocysteine levels were associated with 
better response to ticagrelor–ASA therapy than clopidogrel–ASA 
therapy in CYP2C19 LOF carriers with minor stroke or TIA .

A possible mechanism underlying our finding may be a synergis­
tic relation between the thrombotic effects of elevated homocyst­
eine levels and the antithrombotic effects of dual antiplatelet treat­
ments. Laboratory investigations suggested that elevated 
homocysteine could impair vascular function in the absence of 
adequate and effective antiplatelet therapies through potential 
mechanisms including impairment of endothelial function, oxida­
tion of low-density lipids, increased monocyte adhesion to the 
blood vessel wall, increased lipid uptake and retention, activation of 
inflammatory pathways, stimulatory effects on smooth-muscle-cell 
proliferation, and prothrombotic tendency mediated by activation 
of coagulation factors and platelet dysfunction.41–43 The prothrom­
botic condition in CYP2C19 LOF carriers with elevated homocysteine 
levels may require a high degree of platelet inhibition to provide 
adequate protection against ischemic events. Ticagrelor, which 
does not require metabolic activation, may be superior to clopido­
grel by directly inhibiting platelet activation and thrombus forma­
tion and indirectly reducing vasoconstrictor tone, vascular smooth-
muscle-cell proliferation, and release of inflammatory cytokines, 
oxygen radicals, growth factors leading to platelet activation and 
thrombus formation among CYP2C19 LOF carriers.4,44 

Homocysteine levels were lower in females than in males, and 
our analyses found that female patients had a better response to 
ticagrelor–ASA therapy if homocysteine levels were elevated. This 
finding is in accordance with the post hoc analysis of the CHANCE 
trial, in which female patients did not respond to clopidogrel–ASA 
therapy if homocysteine levels were elevated.27 Females have 
higher platelet reactivity, higher prevalence of stroke, and poorer 
prognosis after stroke than males.45,46

Limitations
We did not have information on diet, and folate concentration may 
have influenced the levels of homocysteine before the index event 
and during follow-up. However, since the trial was conducted in 
China, a country with no mandatory fortification of foods with folic 
acid or widespread use of folic acid supplements, the magnitude of 
fluctuation of homocysteine levels was likely to be low. The inci­
dence of bleeding events was low in the trial, which may reduce our 
statistical power to detect an interaction between homocysteine 
levels, antiplatelet treatments, and bleeding. We excluded about 
15% of patients because of missing data on homocysteine levels; 

however, there were no large differences in baseline characteristics 
between those excluded and included in the study. Finally, this was 
a post hoc analysis; our findings should be considered hypothesis 
generating and need to be confirmed by other studies.

Conclusion
We found that among patients who carried the CYP2C19 LOF alleles 
who had minor stroke or TIA, use of ticagrelor–ASA, compared with 
clopidogrel–ASA, was associated with a reduced risk for recurrent 
stroke without an increase in severe or moderate bleeding events 
among patients with elevated homocysteine levels. Patients with non-
elevated homocysteine levels did not derive the same benefit from 
ticagrelor–ASA. These results should be confirmed in other studies.
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