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Abstract 

Background: Triglyceride-glucose (TyG) index is a simple and reliable surrogate marker of insulin resistance. Elevated 
TyG index was related to stroke recurrence. This study aimed to explore the associations between TyG index with 
ischemic stroke recurrence in nondiabetic patients with small vessel occlusion.

Methods: From November 1, 2016 to February 28, 2021, consecutive acute ischemic stroke patients admitted 
within 1 week after onset were screened. The stroke mechanism was determined based on medical history, labora-
tory examinations, cardiac examinations, vascular examinations and neuroimaging. Nondiabetic patients with small 
vessel occlusion were enrolled and followed up for 1 year. The primary outcome was ischemic stroke recurrence. 
Logistic regression and Kaplan–Meier survival curve were used to analyze the association of the TyG index and stroke 
recurrence.

Results: A total of 6100 acute ischemic stroke patients were screened, with 1970 nondiabetic patients with small 
vessel occlusion included and divided into 4 groups according to the TyG index quartiles (Q1: < 8.20; Q2: 8.20–8.53; 
Q3: 8.54–8.92; Q4: > 8.92). There were significant differences in age, body mass index, systolic blood pression, diastolic 
blood pressure, lipid-lowering agents, infarct location, fasting blood glucose, total cholesterol, triglyceride, low-density 
lipoprotein cholesterol, high-density lipoprotein cholesterol, uric acid, and stroke recurrence among the 4 groups. In 
the multi-adjusted models, compared to Q1 of the TyG index, the odds ratio for Q4 of the TyG index for stroke recur-
rence was 3.100 (1.366–8.019). The Kaplan–Meier survival (ischemic stroke-free) curves by quartiles of the TyG index 
also showed statistically significant differences (log-rank test, P = 0.004).

Conclusions: Our findings suggested that the TyG index was associated with ischemic stroke recurrence in non-
diabetic patients with small vessel occlusion, and it could be a valuable biomarker for assessing the risk of ischemic 
stroke recurrence in these patients.
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Background
In the Trial of Org 10172 in Acute Ischemic Stroke Treat-
ment (TOAST) classification system, small-vessel occlu-
sion (SVO), also known as lacunar stroke, is attributed 
to cerebral small vessel disease (CSVD) affecting the 
deep penetrating arterioles [1]. Although with relatively 
mild symptoms on admission, SVO was reported to have 
similar long-term risks of all-cause mortality and stroke 
recurrence with non-SVO strokes [2]. Since recurrent 
ischemic stroke is usually more severe and disabling than 
the first episode, it is vital to identify the risk factors of 
stroke recurrence.

Type 2 diabetes mellitus has been recognized to be 
associated with a two- to six-fold increased risk for first 
or recurrent ischemic stroke [3, 4]. The underlying mech-
anisms are myriad and include insulin resistance which 
is universal in diabetic patients [5, 6]. A variety of litera-
ture demonstrates that insulin resistance augments the 
role of the modifiable risk factors of ischemic stroke and 
enhances platelet adhesion, activation and aggregation 
which are conducive to the occurrence and recurrence of 
ischemic stroke [7]. However, most of the SVO patients 
(63% in the Secondary Prevention of Small Subcortical 
Strokes (SPS3) study) do not have diabetes mellitus [3]. 
Insulin resistance is also prevalent in nondiabetic people 
[8]. Hence, it is necessary to verify the effect of insulin 
resistance on the ischemic stroke recurrence of nondia-
betic patients with SVO.

Triglyceride-glucose (TyG) index, denoted ln [tri-
glycerides (TG) (mmol/L) ∗ fasting blood glucose (FBG) 
(mmol/L)/2], is a simple and reliable surrogate marker 
of insulin resistance [9]. Many previous studies have 
shown an association between a higher TyG index and 
an increased incidence of atherosclerosis, intima media 
thickness of common carotid artery, unstable carotid 
plaque, hypertension, arterial stiffness, and cardiovascu-
lar disease [10–13]. As expected, a plenty of evidences 
proved that TyG index was independently associated 
with the occurrence of stroke, and a higher TyG index 
was also a predictor of all-cause mortality and poor out-
comes in patients with acute ischemic stroke [14–17].

However, evidence on the correlation between the 
TyG index and stroke recurrence is scarce up to date. 
Moreover, results were inconsistent among studies. Zhou 
et  al. observed that a higher TyG index was related to 
an increased risk of stroke recurrence in patients with 
ischemic stroke [18]. Yang et  al. found that in a group 
of nondiabetic acute ischemic stroke patients, elevated 

TyG index was associated with an increased risk of stroke 
recurrence and death [19]. However, Nam et al. reported 
that TyG index was only associated with early recurrent 
ischemic lesions in acute ischemic stroke patients with 
large artery atherosclerosis, not in patients with other 
stroke mechanisms [20].

Therefore, the present study was conducted to inves-
tigate the relationship between TyG index and ischemic 
stroke recurrence in nondiabetic patients with SVO.

Methods
Study population
The research protocol of this hospital-based prospective 
cohort study was reviewed and approved by the ethics 
committees of each center (the Second Affiliated Hos-
pital of Guangzhou Medical University, the First Affili-
ated Hospital of Soochow University, and Wuxi People’s 
Hospital) according to the principles expressed in the 
Declaration of Helsinki. Written consents were obtained 
from patients or their authorized representatives before 
enrollment.

Experimental design
Patients with acute ischemic stroke admitted in the cent-
ers from November 1, 2016 to February 28, 2021 were 
consecutively screened. All patients underwent stand-
ard magnetic resonance imaging (MRI) scan including 
T1-weighted imaging, T2-weighted imaging, diffusion 
weighted imaging (DWI), fluid-attenuated inversion 
recovery sequence, and apparent diffusion coefficient 
maps within 7  days of stroke onset. Ultrasound and 
magnetic resonance angiography (MRA) or computed 
tomography angiography (CTA) or digital subtraction 
angiography (DSA) were applied to evaluate extracra-
nial and intracranial arteries (stenosis, occlusion or dis-
section). Cardiac examinations (electrocardiogram and 
echocardiogram) were performed. Patients were enrolled 
if they met the inclusion criteria as follows: (1) older than 
18  years; (2) acute ischemic stroke lesions confirmed 
by MRI; (3) with TOAST classification of SVO; (4) with 
the data of FBG and TG to calculate TyG index. Patients 
were excluded if they met any of the following criteria: (1) 
delay of > 7 days from symptom recognition to admission; 
(2) with diabetes mellitus; (3) with TOAST classification 
of large artery atherosclerosis, cardioembolism, other 
determined causes such as arterial dissection, or crypto-
genic stroke (including ≥ 2 plausible causes); (4) missing 
clinical or imaging data, or poor quality of neuroimages; 
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(5) with intracranial hemorrhage (including hemorrhage 
transformation); (6) the estimated remaining lifetime was 
less than 12 months.

Data collection and follow up
Trained interviewers conducted face-to-face interviews 
at each center to collect data at baseline. On admission, 
demographic information (including age and gender), 
risk factors for stroke (including current smoking or 
drinking, body mass index (BMI), hypertension, systolic 
blood pressure (SBP), diastolic blood pressure (DBP), 
previous stroke or transient ischemic attack (TIA), and 
previous coronary artery disease), laboratory examina-
tions [including FBG, total cholesterol, TG, high-density 
lipoprotein (HDL) cholesterol, low-density lipoprotein 
(LDL) cholesterol, and uric acid, performed after 12 h of 
overnight fasting] and medications on admission (includ-
ing antihypertensive agents, lipid-lowering agents, anti-
platelet agents, and anticoagulant agents) were acquired. 
Current drinking was defined as heavy intake (≥ 14 
drinks/week in women or 21 drinks/week in men) or 
episodic heavy intake (≥ 5 drinks/episode at least once 
per month). Diabetes mellitus was defined as glyco-
sylated hemoglobin ≥ 6.5%, or FBG levels ≥ 7.0  mmol/L, 
or blood glucose ≥ 11.1  mmol/L at 2  h by oral glucose 
tolerance test, or blood glucose ≥ 11.1  mmol/L at ran-
dom glucose test, or any use of glucose-lowing drugs, or 
any self-reported history of diabetes. Hypertension was 
defined as systolic pressures ≥ 140  mmHg or diastolic 
pressure ≥ 90 mmHg, any use of antihypertensive drugs, 
or a self-reported history of hypertension. The TyG index 
was calculated using the formula of “the log scale of [TG 
(mmol/L) ∗ FBG (mmol/L)/2]”.

Enrolled patients received standard therapy including 
thrombolytic therapy, or other medications at the acute 
stage of stroke, and then standard secondary preven-
tion including risk factors control, antiplatelet drugs and 
standard dose of statins. The start point of follow-up was 
the incident date of stroke onset. All patients were fol-
lowed up for 12 months (at 1, 3, 6, and 12 months after 
stroke onset) by telephone or in the outpatient depart-
ment. The primary outcome was ischemic stroke recur-
rence. If any suspected new neurological symptoms 
emerged, the patients would be evaluated by a senior 
neurologist. When a recurrence was suspected, MRI was 
performed within 1  week after symptoms emergence to 
verify the stroke lesion.

Statistical analysis
Statistical analysis was performed using SPSS (ver-
sion 20.0). Continuous variables were tested for nor-
mality using the Kolmogorov–Smirnov test. Normally 
distributed continuous variables were described as 

the mean ± standard deviation, while categorical vari-
ables were expressed as percentages. Group differences 
were analyzed using the Kruskal–Wallis test for con-
tinuous variables, and the chi-square test for categorical 
variables. The chi-square trend test was used to test the 
trends of the prevalence of ischemic stroke recurrence 
with increasing TyG index. Logistic regression was used 
to analyze the association of the TyG index and ischemic 
stroke recurrence by calculating odds ratio (OR) and 
95% confidence interval (CI). Three models were con-
structed, Model 1 was unadjusted, Model 2 was adjusted 
for age, lipid-lowering agents, FBG, BMI, SBP, DBP, total 
cholesterol, TG, HDL cholesterol, LDL cholesterol, uric 
acid and infarct locations, Model 3 was further adjusted 
for gender, smoking, drinking, hypertension, antihyper-
tensive agents, antiplatelet agents, anticoagulant agents, 
stroke or TIA history and coronary artery disease history. 
Kaplan–Meier event-free survival curves were generated 
and the significance was evaluated by log-rank tests. The 
P values for trend were computed using quartiles of TyG 
index as ordinal variable. A two-sided P < 0.05 was con-
sidered statistically significant.

Results
Baseline characteristics
In total, 6100 patients with acute ischemic stroke within 
1  week of onset were consecutively screened. Among 
these patients, 2917 patients with other stroke mecha-
nisms except for SVO were excluded. For the remain-
ing 3183 patients with SVO, 1048 patients with diabetes 
mellitus were further excluded. Removing the data of 
patients without FBG or TG or patients missing during 
follow-up, a total of 1970 patients were included in the 
statistical analysis (Fig. 1).

The basic characteristics are presented in Table 1. The 
age of the participants was 66.46 ± 12.35 years old. Gen-
erally speaking, participants with a higher TyG index 
were more likely to be younger, to have lipid-lowering 
agents, to have a higher BMI, a higher SBP, a higher 
DBP, a higher prevalence of posterior circulation stroke, 
a higher level of FBG, total cholesterol, TG, LDL cho-
lesterol, and uric acid but a lower HDL cholesterol level, 
compared with participants with a lower TyG index.

Association of the TyG index with stroke recurrence
As shown in Table  1, ischemic stroke recurrence 
occurred in 115 (5.84%) patients in total. With increas-
ing TyG index quartiles, the prevalence of recurrent 
ischemic stroke increased substantially, reaching to a 
prevalence of 8.68% in the highest quartile of TyG index 
(P for trend < 0.001). In the multivariate logistic regres-
sion analysis, when the TyG index was used as a continu-
ous variable, it was significantly associated with the risk 
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of ischemic stroke recurrence, per 1 unit increase of the 
TyG index was associated with 4.738-fold higher preva-
lence of stroke recurrence (P = 0.003, OR 4.738, 95% CI 
1.722–13.306. The positive association between the TyG 
index and ischemic stroke recurrence remained sig-
nificant when the TyG index was used as a categorical 
variable in multivariate logistic regression analysis. The 
adjusted OR was 2.596 (95% CI 1.284–5.248) for the Q2 
quartile, 3.836 (95% CI 1.850–7.952) for the Q2 quartile, 
and 3.100 (95% CI 1.366–8.019) for the highest quartile of 
TyG index, compared to the lowest quartile of TyG index 
(Table  2). The Kaplan–Meier event-free survival analy-
sis indicated that the cumulative incidence of ischemic 
stroke recurrence increased incrementally across quar-
tiles of the TyG index (log-rank test, P = 0.004, Fig.  2), 
and patients within the highest quartile of TyG index pre-
sented the lowest event-free survival.

Discussion
In this multicenter hospital-based study, we found that 
1  year recurrence rate of nondiabetic patients with 
SVO was 5.84%, and the TyG index was independently 
associated with ischemic stroke recurrence in these 
patients. Our results revealed that the TyG index was 
a valuable biomarker for assessing the risk of ischemic 
stroke recurrence in nondiabetic patients with SVO, 

and more attention should be paid to these patients 
with higher TyG indices for the secondary prevention 
of stroke.

Several previous studies indirectly supported our result 
of the relationship between TyG index and stroke recur-
rence. Zhou et al. concluded that TyG index was associ-
ated with an increased risk of stroke recurrence, all-cause 
mortality, and neurologic worsening in diabetic and non-
diabetic patients with ischemic stroke [18]. Yang et  al. 
reported that elevated TyG index was associated with 
an increased risk of stroke recurrence and death in non-
diabetic stroke patients, regardless of stroke mechanism 
[19]. Recently, Wang et al. found that elevated TyG index 
was associated with stroke recurrence in elderly patients 
(more than 65 years) with ischemic stroke [21]. However, 
Nam et al. found a close correlation between TyG index 
and early recurrent ischemic lesions in patients with the 
large artery atherosclerosis, but not in patients with other 
stroke mechanisms [20]. This conclusion was incon-
sistent with our result. The possible reason might be 
that Nam et al. only included 176 acute ischemic stroke 
patients in total.

The correlation between a higher TyG index and an ele-
vated risk of ischemic stroke recurrence could be attrib-
uted to insulin resistance, a prevalent and important risk 
factor of ischemic stroke [22]. The gold standard marker 
of insulin resistance, homeostasis model assessment-
insulin resistance (HOMA-IR) index was independently 
associated with poor functional outcome after acute 
ischemic stroke, and with an increased risk of death, 
stroke recurrence and poor outcome in nondiabetic 
patients with acute ischemic stroke [7, 23–25]. The Insu-
lin Resistance Intervention after Stroke (IRIS) tested the 
hypothesis that pioglitazone, a glucose-lowering insulin-
sensitizing drug used for the treatment of insulin resist-
ance (a score of more than 3.0 on the HOMA-IR index), 
would reduce the rates of stroke and myocardial infarc-
tion after ischemic stroke or TIA in nondiabetic patients 
with insulin resistance, and achieved positive findings [5]. 
Although widely used in the research field, the applica-
tion of HOMA-IR (calculated as fasting insulin (μU/
mL) × fasting glucose (mmol/L)/22.5) is highly limited in 
clinical practice because of the need for insulin measure-
ment, which is expensive and not available in many hos-
pitals, especially in undeveloped countries [26]. In 2008, 
Simental-Mendía et al. developed the TyG index to esti-
mate insulin resistance, based on the concept that insu-
lin resistance also includes impairment in the oxidation 
and utilization of fatty acids, and verified the TyG index 
was a reliable and reproducible index to measure insulin 
resistance in healthy subjects [27]. Since then, TyG index 
has been recognized as a reliable surrogate biomarker of 
insulin resistance and has been proposed and validated to 

Fig. 1 Flow chart of patient recruitment
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Table 1 Baseline characteristics of the study participants

TyG triglyceride-glucose, BMI body mass index, SBP systolic blood pression, DBP diastolic blood pressure, DAPT dual antiplatelet therapy, MAPT mono antiplatelet 
therapy, HDL high-density lipoprotein cholesterol, LDL low-density lipoprotein cholesterol, TIA transient ischemic attack, CHD coronary artery disease, CE cardio-
embolism, LAA large-artery atherosclerosis, SVD small-vessel occlusion

Characteristics Overall Quartiles of the TyG index P

Q1 (< 8.20) Q2 (8.20–8.53) Q3 (8.54–8.92) Q4 (> 8.92)

No. of patients 1970 502 487 497 484

Age (y) 66.46 ± 12.35 69.91 ± 12.95 67.38 ± 12.33 65.29 ± 11.97 63.17 ± 12.35  < 0.001

Male (%) 1345 (68.27%) 360 (71.71%) 339 (69.61%) 323 (64.99%) 323 (66.74%) 0.105

Smoking (%) 580 (29.44%) 136 (27.09%) 160 (32.85%) 142 (28.57%) 142 (29.33%) 0.236

Drinking (%) 217 (11.01%) 47 (9.36%) 60 (12.32%) 53 (10.66%) 57 (11.78%) 0.456

BMI (kg/m2) 26.75 ± 4.41 25.12 ± 4.17 26.29 ± 3.81 27.16 ± 5.07 28.40 ± 3.84  < 0.001

Hypertension (%) 1377 (69.90%) 332 (66.13%) 343 (70.43%) 350 (70.42%) 352 (72.73%) 0.148

 SBP on admission (mmHg) 134.03 ± 26.16 124.17 ± 22.64 130.92 ± 22.96 137.33 ± 28.12 144.01 ± 26.34  < 0.001

 DBP on admission (mmHg) 79.48 ± 11.37 73.33 ± 8.55 77.07 ± 9.97 79.35 ± 9.79 88.43 ± 11.22  < 0.001

Antihypertensive agents (%) 1122 (56.95%) 281 (55.98%) 280 (57.49%) 282 (56.74%) 279 (57.64%) 0.965

Lipid-lowering agents (%) 1642 (83.35%) 393 (78.29%) 400 (82.13%) 427 (85.92%) 422 (87.19%) 0.001

Antiplatelet agents (%) 0.110

 DAPT 1257 (63.81%) 322 (64.14%) 328 (67.35%) 299 (60.16%) 308 (63.64%)

 MAPT 471 (23.91%) 114 (22.71%) 99 (20.33%) 131 (26.39%) 127 (26.24%)

Anticoagulant agents (%) 53 (2.69%) 14 (2.79%) 17 (3.49%) 10 (2.01%) 13 (2.68%) 0.567

Fasting blood glucose (mM) 5.08 ± 1.33 4.53 ± 0.86 4.80 ± 0.73 5.15 ± 0.93 5.85 ± 2.01  < 0.001

Total cholesterol (mM) 4.63 ± 1.10 4.12 ± 0.96 4.49 ± 0.98 4.86 ± 1.09 5.08 ± 1.14  < 0.001

Triglyceride (mM) 1.57 ± 1.07 0.80 ± 0.18 1.16 ± 0.19 1.54 ± 0.28 2.81 ± 1.48  < 0.001

HDL cholesterol (mM) 1.08 ± 0.28 1.18 ± 0.32 1.09 ± 0.25 1.06 ± 0.26 0.98 ± 0.26  < 0.001

LDL cholesterol (mM) 3.05 ± 0.98 2.64 ± 0.84 3.00 ± 0.89 3.32 ± 1.00 3.27 ± 1.01  < 0.001

Uric acid (μM) 360.72 ± 104.39 337.30 ± 100.06 351.79 ± 102.91 362.50 ± 101.41 392.08 ± 105.76  < 0.001

Stroke or TIA history (%) 366 (18.58%) 108 (21.51%) 97 (19.92%) 85 (17.10%) 76 (15.70%) 0.079

CHD history (%) 153 (7.77%) 43 (8.56%) 43 (8.83%) 33 (6.64%) 34 (7.02%) 0.474

Infarct location (%)  < 0.001

 Anterior circulation 1322 (67.11%) 367 (73.11%) 331 (67.97%) 332 (66.80%) 292 (60.33%)

 Posterior circulation 648 (32.89%) 135 (26.89%) 156 (32.03%) 165 (33.20%) 192 (39.67%)

Ischemic stroke recurrence (%) 115 (5.84%) 14 (2.79%) 25 (5.13%) 34 (6.84%) 42 (8.68%) 0.001

 CE 11 (9.56%) 2 (14.28%) 3 (12.00%) 3 (8.82%) 3 (7.14%) 0.455

 LAA 25 (21.74%) 3 (21.42%) 2 (8.00%) 11 (32.35%) 9 (21.43%)

 SVO 79 (68.70%) 9 (64.28%) 20 (80.00%) 20 (58.82%) 30 (71.43%)

Table 2 Multivariate adjusted ORs (95% CI) of the association of TyG index with ischemic stroke recurrence

Model 1: unadjusted. Model 2: adjusted for age, lipid-lowering agents, fasting blood glucose, body mass index, systolic blood pressure, diastolic blood pressure, total 
cholesterol, triglyceride, high-density lipoprotein cholesterol, low-density lipoprotein cholesterol, uric acid and infarct locations. Model 3: further adjusted for gender, 
smoking, drinking, hypertension, antihypertensive agents, antiplatelet agents, anticoagulant agents, stroke or transient ischemic attack history and coronary artery 
disease history

TyG triglyceride-glucose, OR odds ratio, CI confidence interval

Model Quartiles of the TyG index P

Q1 (< 8.20) Q2 (8.20–8.53) Q3 (8.53–8.92) Q4 (> 8.92)

Model 1 Reference 1.886 (0.969–3.673) 2.560 (1.356–4.831) 3.312 (1.785–6.147) 0.001

Model 2 Reference 2.418 (1.205–4.855) 3.523 (1.721–7.211) 2.975 (1.255–7.051) 0.008

Model 3 Reference 2.596 (1.284–5.248) 3.836 (1.850–7.952) 3.100 (1.366–8.019) 0.004
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be highly correlated with HOMA-IR across all the ages 
and various ethnic groups [28–30].

Except for the direct effect of insulin resistance, there 
might be some other explanations for the association of 
TyG index and stroke recurrence in nondiabetic patients 
with SVO. First, TyG index has been related to hyperten-
sion, and hypertension was reported to double the risk 
of recurrent stroke in patients with lacunar stroke [31]. 
Second, insulin resistance is a key pathological process 
during the development of CSVD [24, 32]. Predictably, 
TyG index has been proved to be positively associated 
with a higher prevalence and burden of CSVD [9, 33–
36], which was reported to predict a recurrent ischemic 
stroke or intracerebral hemorrhage in numerous stud-
ies [1, 37–41]. CSVD could make a contribution to the 
mechanism of increasing ischemic stroke recurrence by 
a higher TyG index. Third, insulin resistance is an inde-
pendent predictor for development of antiplatelet drug 
resistance which leads to the failure of secondary stroke 
prevention in a large proportion of stroke patients [7, 23]. 
Finally, TyG index is related to other vascular risk factors 
such as unstable carotid plaques which might also lead to 
recurrent ischemic stroke [10–13].

Our study has several limitations. First, first and recur-
rent ischemic strokes were strictly defined according to 
the MRI findings. This would cause potential underes-
timate of stroke occurrence and recurrence, since there 
might be a small proportion of DWI-negative strokes 
and TIA. However, we performed MRI on all patients 
with suspected stroke to determine stroke mechanism 
and stroke recurrence. Because, some stroke symptoms 
like isolated vertigo are difficult to be distinguished from 
other benign diseases. MRI is indispensable under this 

circumstance. Moreover, infarcts sometimes occur at the 
same or adjacent sites with the first strokes, especially 
when the recurrent stroke mechanism is the same with 
the first one [42]. In this case, the recurrent infarcts need 
to be verified by DWI. Second, the annual risk of devel-
oping diabetes type 2 in people with normal glucose level 
is 0.7%, whereas patients with prediabetes have a yearly 
risk of up to 10% [43]. During the 1 year follow-up, there 
should be a few patients newly diagnosed as diabetes, 
which might cause some bias to the relationship between 
the TyG index and stroke recurrence in nondiabetic 
patients, however, we did not exclude this part of patients 
in the present study. Lastly, the determination of SVO as 
the stroke mechanism has always been ambiguous ever 
since the TOAST classification system was established, 
there were probably some patients with other mecha-
nisms misdiagnosed as SVO, and vice versa.

Conclusions
In summary, our study found that the TyG index was 
positively and independently associated with recurrent 
ischemic stroke in nondiabetic patients with SVO. This 
finding indicates that the TyG index could be a useful 
biomarker in early recognition of patients at a high risk of 
ischemic stroke recurrence, and more attention should be 
paid in the secondary stroke prevention in these patients.
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