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Background: The inverse association between obesity and outcome in stroke patients
(known as the obesity paradox) has been widely reported, yet mechanistic details
explaining the paradox are limited. The triglyceride glucose (TYG) index has been
proposed as a marker of insulin resistance. We sought to explore possible associations
of the TYG index, body mass index (BMI), and stroke outcome.

Methods: \We identified 12,964 ischemic stroke patients without a history of diabetes
mellitus from the China National Stroke Registry and classified patients as either
low/normal weight, defined as a BMI < 25 kg/m?, or overweight/obese, defined as a
BMI > 25 kg/m?. We calculated TYG index and based on which the patients were
divided into four groups. A Cox or logistic regression model was used to evaluate the
association between BMI and TYG index and its influence on stroke outcomes, including
stroke recurrence all-cause mortality and poor outcome (modified Rankin Scale score of
3-6) at 12 months.

Results: Among the patients, 63.3% were male, and 36.7% were female, and the
mean age of the patient cohort was 64.8 years old. The median TYG index was
8.62 (interquartile range, 8.25-9.05). After adjusting for multiple potential covariates,
the all-cause mortality of overweight/obese patients was significantly lower than that
of the low/normal weight patients (6.17 vs. 9.32%; adjusted hazard ratio, 0.847; 95%
Cl 0.732-0.981). The difference in mortality in overweight/obese and low/normal weight
patients with ischemic stroke was not associated with TYG index, and no association
between BMI and TYG index was found.

Conclusion: Overweight/obese patients with ischemic stroke have better survival than
patients with low/normal weight. The association of BMI and stroke outcome is not
changed by TYG index.
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INTRODUCTION

Stroke is a leading cause of death and disability worldwide
(1). Obesity is known to raise the risk of stroke (2). However,
numerous reports have shown an inverse association between
obesity and outcome in stroke patients, which is in contrast to the
general population and is known as the stroke-obesity paradox
(3-5). Although it is unknown if the stroke-obesity paradox is
related to insulin sensitivity/resistance (IR), IR has been theorized
to contribute to this phenomenon (6).

IR is a physiologic state in which a normal amount of insulin
produces a subnormal physiologic response (7). IR is closely
associated with obesity (8) and is an independent risk factor
for mortality and major disability after stroke (9-11). Several
mechanisms have been proposed to explain this association,
including enhanced local inflammatory and prothrombotic
responses and accelerated atherosclerotic development (12).
The gold standard for measuring IR is the euglycemic
hyperinsulinemia clamp (13). However, this method is difficult
to apply in large population studies and clinical settings because
of its costly, time-consuming and complex nature. In response to
this limitation, large-scale epidemiological studies have resorted
to the homeostasis model assessment of IR (HOMA-IR) index
(9, 14), while the application of HOMR-IR is limited by the need
for the fasting immunoreactive insulin.

A potential surrogate method of measuring IR has been
developed, known as the triglyceride glucose (TYG) index (15).
TYG index can be used in large-scale observational and/or
interventional cohorts by comparing with the hyperinsulinemia-
euglycemic clamp (16). Previous studies have shown that TYG
index is positively correlated with ischemic stroke, and ischemic
stroke patients with a high TYG index have a higher risk of dying
or poorer outcome (17). Therefore, the aim of our study is to
evaluate if the association between body mass index (BMI) and
stroke outcomes is modified by TYG index.

METHODS

Study Population

Launched in 2012 by the Chinese Ministry of Health, the China
National Stroke Registry II (CNSR 1II) is a prospective cohort
study conducted nationwide aimed at establishing a reliable
national stroke database for evaluating stroke care delivery in
clinical practice (18). The criteria for site selection in China
National Stroke Registry I (CNSR I) have been previously
published (19) and were replicated in the CNSR II study.
Patient’s included in the study must have met the following
criteria: age > 18 vyears old, diagnosed within 7 days of
the index event of ischemic stroke, transient ischemic attack
(TIA), spontaneous intracerebral hemorrhage, or subarachnoid
hemorrhage confirmed by brain imaging, or direct hospital
admission from a physician’s clinic or emergency department. Of
the 25,018 patients in the CNSR II, 15,544 were diagnosed with
ischemic stroke without a history of diabetes mellitus. Ultimately,
12,964 were analyzed after excluding patients without necessary
clinical data including weight, height, fasting triglyceride or

fasting glucose at admission (n = 848), as well as those who were
lost to follow-up at 12 months (n = 1,732; Figure 1).

The study was approved by the central Institutional Review
Board at Beijing Tiantan Hospital and prior to the enrollment, all
patients were provided written informed consent.

Data Collection and Management

Patient baseline data were collected by trained research
coordinators at each study center including basic patient
characteristics, laboratory data, vascular risk factors, prior
diagnoses and treatments. Vascular risk factors included
stroke history, diabetes mellitus, hypertension, coronary
heart disease, atrial fibrillation and prior/current smoking
history. Past medication history included antihypertensive,
antiplatelet ~ drugs, anticoagulation, lipid-lowing, and
hypoglycemic drugs.

BMI was measured by trained nurses at each clinical center
at the time of patient enrollment. The delineation between
low/normal and overweight/obese patients was set at 25 kg/m?,
based on World Health Organization standards (20). Fasting
blood samples were collected for all participants within 24 h of
admission. Using an automated enzymatic method, triglyceride
and glucose levels were tested at each research center. TYG
index was calculated as In[fasting triglycerides (mg/dl) x fasting
glucose (mg/dl)/2] (21).

Patient Follow-Up and Outcome

Assessment

The primary outcomes of this study were stroke recurrence,
all-cause mortality, and modified Rankin Scale (mRS) score,
which were obtained by trained research coordinators that
were blinded to the patients’ baseline characteristics. Instances
of recurrent stroke included ischemic stroke, intracranial
hemorrhage, and subarachnoid hemorrhage. Poor functional
outcomes were defined as a modified Rankin Scale score
of 3-6. Modified Rankin Scale scores range from 0 (no
symptoms) to 6 (death). At 3, 6, and 12 months after stroke,
trained research personnel contacted patients by telephone
following standard scripts, and collect information on death,
stroke recurrence, and disability. During the follow-up,
to ensure reliable diagnosis, stroke recurrences associated
with rehospitalization were sourced to the corresponding
hospitals. Adjudication was performed by the research
coordinators together with the principal investigator in
case of a suspected recurrent cerebrovascular event without
hospitalization. Follow-up procedures for this study performed
as previously described (22).

Statistical Analysis

Continuous variables are presented as mean =+ standard
deviation or median with interquartile range (IQR). Categorical
variables are presented as frequencies and percentages. We used
a student’s t-test to compare groups with normally distributed
parameters, a Wilcoxon test for non-normally distributed
parameters, and a x? test for categorical variables. A Cox
proportional hazard analysis was conducted to estimate the
hazard ratio (HR) and the 95% confidence interval (CI) of death
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FIGURE 1 | Patients selection flow diagram.
and stroke recurrence. Odds ratios (OR) with 95% CIs were ~RESULTS

calculated for poor functional outcomes at 12 months and were
estimated using a logistic regression model. Adjusted variables
for HR with 95% CIs were sex, age, NIHSS score at admission,
IV thrombolytic administration, prior/current smoking history,
medical history (i.e., myocardial infarction, atrial fibrillation,
hypertension, hyperlipidemia), medications (from the previously
listed categories), and laboratory examination (i.e., total
cholesterol, high density lipoprotein, low density lipoprotein).
The impact of BMI and IR status on the risk of developing
poor outcomes was also tested using Cox or logistic regressions.
Kaplan-Meier analyses were used to assess survival from time
of initial diagnosis until stroke recurrence during the 12-month
follow-up period and a log-rank test was used to compare groups.
We also examined the potential impact of age on the association
between BMI and outcomes by separating patients into two
groups using a cutoff of >65 years old. We assessed interactions
between weight status in each age category using weight status x
age category in multivariable models.

Statistical analyses were performed using SAS software
(version 9.4, SAS Institute Inc, Cary, NC). Results were deemed
statistically significant at a two-sided (p < 0.05).

Baseline Patient Characteristics

Twelve thousand nine hundred sixty-four patients were included
in the study, with an average age of 64.83 £ 12.2 years old and
the gender distribution was 65.17% male and 34.83% female.
The median TYG index was 8.62 (IQR, 8.25-9.05). We separated
patients into four groups based on TYG index. Other baseline
patient characteristics are summarized in Table 1. In comparing
to low/normal patients, obese/overweight patients were typically
younger, more likely to have a history of hypertension and
received the treatment for hypertension prior to admission.
Within the overweight/obese cohort, patients with a high TYG
index were more likely to have a history of hyperlipidemia.
Significant differences in the sex, NIHSS score, and history of
anticoagulation therapy were also observed within groups.

Association of BMI With Outcome

One thousand seventy-nine patients died in the 12 months
following their initial stroke occurrence, including 832 (9.32%)
overweight/obese and 247 (6.12%) low/normal weight patients.
The prognosis of patients with ischemic stroke at 12 months in
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TABLE 1 | Baseline characteristics of patients stratified by TYG index and BMI status.

Characteristic

TYG Q1(n = 3,237)

TYG Q2(n = 3,245)

TYG Q3(n = 3,236)

TYG Q4(n = 3,246)

BMI<25 BMI>25 P-value BMI<25 BMI>25 P-value BMI<25 BMI>25 P-value BMI<25 BMI>25 P-value
kg/m? kg/m? kg/m? kg/m? kg/m? kg/m? kg/m? kg/m?
Age (years) mean £ SD 68.28 + 64.70 + < 0.0001 66.32 + 11.8 64.21 + < 0.0001 65.19 + 61.83 + < 0.0001 634+111 61.0+11.4 < 0.0001
12.09 13.08 12.44 12.01 11.83
Male, n (%) 1,836 (70.79) 425 (65.38) 0.0055 783 (33.66) 353 (38.41) 0.0106 1,338 (64.36) 772 (62.40) 0.2678 1204 (62.22) 814 (62.09) 0.9392
NHISS score median (IQR) 4 (2-7) 3.5 (2-6) 0.0043 4 (2-7) 4 (2-6) 0.4723 4 (2-7) 4 (2-6) 0.0557 4. (2-7) 4 (2-6) 0.0029
thrombolysis (%) 54 (2.09) 3(0.46) 0.0048 36 (1.55) 5(1.63) 0.8616 19 (0.91) 26 (2.25) 0.0019 35 (1.81) 4(1.07) 0.0894
Prior/current smoker (%) 1,257 (48.59) 302 (46.46) 0.3318 1,070 (46.00) 387 (42.11) 0.0447 984 (47.33) 521 (45.03) 0.2086 887 (45.84) 595 (45.39) 0.7986
Medical history (%)
Myocardial infarction 57 (2.20) 7 (1.08) 0.0652 48 (2.06) 4 (2.61) 0.3397 37 (1.78) 29 (2.51) 0.1610 38 (1.96) 26 (1.98) 0.9689
Atrial fibrillation 245 (9.47) 65 (10.00) 0.6817 148 (6.36) 5(8.16) 0.0681 148 (7.12) 57 (4.99) 0.0141 115 (5.94) 68 (5.19) 0.3593
Hypertension 1,382 (563.42) 408 (62.77) < 0.0001 1,390 (569.76) 626 (68.12) < 0.0001 1,270 (61.09) 837 (72.34) < 0.0001 1201 (62.07) 945 (72.08) < 0.0001
Hyperlipidemia 203 (7.85) 61 (9.38) 0.2004 199 (8.56) 03 (11.21) 0.0191 189 (9.09) 36 (11.75) 0.0157 216 (11.16) 184 (14.04) 0.0146
Mediation History Prior to Stroke Hospitalization (%)
Antihypertensive drugs 904 (34.84) 280 (43.08) < 0.0001 886 (38.09) 433 (47.12) < 0.0001 841 (40.45) 576 (49.78) < 0.0001 800 (41.34) 620 (47.29) 0.0008
Antiplatelet drugs 456 (17.63) 128 (19.69) 0.2208 413 (17.76) 187 (20.35) 0.0865 330 (15.87)  215(18.58) 0.0484 304 (15.71) 220 (16.78) 0.4160
Anticoagulation drugs 37 (1.43) 2(0.31) 0.0190 25 (1.07) 4(1.52) 0.2907 5(0.72) 2(1.04) 0.3441 12 (0.62) 1(0.84) 0.4657
Lipid-lowing drugs 140 (5.41) 36 (5.54) 0.8986 134 (5.76) 57 (6.20) 0.6303 97 (4.67) 70 (6.05) 0.0880 101 (5.22) 77 (5.87) 0.4221
Laboratory examination
TG (mg/dL) 66.38 69.03 0.0031 99.12 (87.62- 100.01 0.0246 136.29 138.06 0.1134 212.40 221.25 0.0027
(55.76-76.00) (57.52-79.65) 111.51) (89.39- (119.48- (120.36— (176.12— (179.66—
113.28) 155.76) 157.53) 271.70) 285.86)
TC(mg/dl) 158.12 158.51 0.9872 171.26 174.36 0.3158 180.54 183.25 0.2714 194.46 195.23 0.9685
(135.70- (136.08— (148.84- (149.23- (157.35— (169.67— (168.94— (170.10-
182.86) 181.70) 196.00) 196.39) 208.76) 209.15) 225.77) 223.45)
HDL(mg/dl) 48.71 46.39 < 0.0001 46.01 44.07 0.0024 44.07 42.53 0.0382 41.37 40.98 0.8380
(40.98-58.38) (39.82-54.51) (38.27-54.90) (38.27-52.58) (36.73-51.80) (36.34-51.03) (35.18-49.48) (35.18-49.10)
LDL(mg/dl) 91.62 95.49 (76.93- 0.0074 104.00 107.86 0.0006 110.57 113.66 0.0210 114.43 114.43 0.4526
(73.07-11.34) 115.21) (85.44- (88.53- (88.92— (92.40- (91.62- (98.17-
124.49) 127.58) 133.76) 134.54) 139.56) 139.18)
FBG (mg/dL) 86.58 88.20 0.0912 92.88 (84.60- 91.98 (84.42— 0.1875 102.6 103.1 0.5167 108.18 108.00 0.4949
(79.20-95.40) (80.10-95.40) 102.60) 102.60) (91.3-121.9)  (90.9-121.1) (95.04— (95.22-
136.80) 132.48)

TYG index, triglyceride glucose index; NIHSS, National Institutes of Health Stroke Scale; BMI, body mass index; TG, Triglyceride; FBG, Fasting blood glucose; TC, total cholesterol; HDL, high density lipoprotein; LDL, low density
lipoprotein; Q1-Q4, TYG index quartiles; SD, standard deviation, IQR, interquartile range.
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TABLE 2 | Outcomes at 12 months follow up of ischemic stroke, stratified by BMI.

Outcome BMI n (%) of Events Crude HR/OR (95% CI) Adjusted HR/OR (95% CI)* P-Value

Stroke recurrence BMI < 25 kg/m? 609 (6.82) 1 1 0.3078
BMI > 25 kg/m? 286 (7.08) 0.6219 (0.900-1.912) 1.079 (0.932-1.248)

2Poor outcome BMI < 25 kg/m? 2,064 (23.12) 1 1 0.2738
BMI > 25 kg/m? 749 (18.55) 0.757 (0.690-0.832) 0.941 (0.843-1.049)

Death BMI < 25 kg/m? 832 (9.32) 1 1 0.0269
BMI > 25 kg/m? 247 (6.12) 0.647 (0.562-0.746) 0.847 (0.732-0.981)

TYG index Inffasting triglycerides (mg/dl) x fasting glucose(mg/ dl)/2]; BMI [weight in kilograms divided by height in meters squared].
*adjusted for sex, age, NIHSS score at admission, IV thrombolysis, smoking, medical history (Diabetes, Myocardial infarction, Atrial fibrillation, Hypertension, Hyperlipidemia), medication
(Antihypertensive drugs, Antiplatelet drugs, Anticoagulation drugs, Lipid-lowing drugs, Hypoglycemic drugs), Laboratory examination (TG, TC, HDL, LDL, FBG).

apoor outcome, modified Rankin Scale score 3-6.

TABLE 3 | Association between BMI and stroke outcomes stratified by TYG index.

Outcome TYG index n (%) of Events Crude HR/OR Adjusted P-Value P-Value for
(95% CI) HR/OR (95% CI)* interaction
BMI< 25 kg/m?  BMI > 25 kgm?
Stroke recurrence Q1 173 (6.69) 55 (8.46) 1.280 (0.945-1.733) 1.333 (0.974-1.824) 0.0726 0.2449
Q2 153 (6.58) 60 (6.53) 0.987 (0.732-1.330) 1.049 (0.772-1.425) 0.7593
Q3 135 (6.49) 5 (6.48) 0.992 (0.748-1.315) 1.083 (0.810-1.450) 0.5895
Q4 148 (7.65) 6 (7.32) 0.952 (0.737-1.231) 0.962 (0.735-1.258) 0.7758
aPoor outcome Qi 675 (26.09) 140 (21.54) 0.778 (0.632-0.956) 0.997 (0.785-1.267) 0.9819 0.7887
Q2 546 (23.47) 194 (21.11) 0.872 (0.725-1.050) 0.981 (0.790-1.219) 0.8651
Q3 472 (22.70) 211 (18.24) 0.759 (0.634-0.910) 0.905 (0.733-1.118) 0.3546
Q4 371 (19.17) 204 (15.56) 0.777 (0.644-0.937) 0.958 (0.768-1.196) 0.7042
Death Qi 277 (10.71) 52 (8.00) 0.740 (0.550-0.995) 0.892 (0.658-1.208) 0.4590 0.7542
Q2 219 (9.42) 63 (6.86) 0.717 (0.542-0.948) 0.859 (0.643-1.147) 0.3021
Q3 190 (9.14) 64 (5.59) 0.594 (0.448-0.789) 0.827 (0.617-1.107) 0.2015
Q4 146 (7.55) 68 (5.19) 0.683 (0.512-0.910) 0.853 (0.631-1.154) 0.3039

TYG index Inffasting triglycerides (mg/dl) x fasting glucose(mg/ dl)/2]; BMI [weight in kilograms divided by height in meters squared].
*adjusted for sex, age, NIHSS score at admission, IV thrombolysis, smoking, medical history (Diabetes, Myocardial infarction, Atrial fibrillation, Hypertension, Hyperlipidemia), medication
(Antihypertensive drugs, Antiplatelet drugs, Anticoagulation drugs, Lipid-lowing drugs, Hypoglycemic drugs), Laboratory examination (TG, TC, HDL, LDL, FBG).

apoor outcome, modified Rankin Scale score 3-6.

each of the BMI categories was shown in Table 2. Compared
to patients classified as low/normal weight, overweight/obese
patients had a lower risk of death at 12 months after adjusting
for potential covariates (9.32 vs. 6.12%; adj. HR 0.847, CI 95%
0.732-0.981). No significant association was found between
being overweight/obese and poor functional outcome or stroke
recurrence (p = 0.2738 and 0.3078). There was an interaction
effect of age group by BMI for the risk of stroke or death
(p = 0.0431 and 0.0173, respectively; Supplementary Table 1).
An inverse relationship between BMI and stroke mortality
(obesity paradox) was observed in patients older than 65
years, whereas no association between them was observed in
young patients.

Association Between BMI and Stroke
Outcome in Patients Stratified by TYG
Index

Patients were divided into quartiles according to TYG index:
Q1 (TYG<8.33), Q2 (TYG 8.34-8.73), Q3 (TYG8.74-9.20), Q4
(TYG>9.21). Overweight and obese patients had a lower risk

of death in all groups (Q1, crude HR 0.740, CI 95% 0.550—
0.995; Q2, crude HR 0.717, CI 95% 0.542-0.948; Q3, crude
HR 0.594 CI 95% 0.448-0.789; Q4, crude HR 0.683 CI 95%
0.512-0.910; Table 3, Figure 2), with no significant correlation
after adjusting for all potential covariates (Q1, adj HR 0.892,
CI 95% 0.658-1.208; Q2, adj HR 0.859, CI 95% 0.643-1.147;
Q3, adj HR 0.827 CI 95% 0.617-1.107; Q4, adj HR 0.853 CI
95% 0.613-1.154). Similar results were found for the endpoints
indicating a poor outcome. No significant association was found
between BMI and stroke recurrence in the four groups. There
was also no interaction between BMI and TYG index on the
risk of stroke recurrence (p = 0.2449), mortality (p = 0.7887)
and poor functional outcome (p = 0.7452; Table 3). In the
analyses of continuous TyG index, BMI was associated with
stroke mortality (adj HR 0.841, CI 95% 0.725-0.974, p = 0.0210),
and there was no interaction between TYG index and BMI
on stroke outcome (Table 4). Multivariate analysis of stroke
outcomes by BMI and TYG index showed that overweight and
obese patients had a lower risk of death at 12 months, and TYG
index was associated with poor stroke outcomes (p = 0.0237,
p = 0.0260; Table 5).
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FIGURE 2 | Kaplan-Meier time-to-event curves and log-rank tests for 1-year mortality in each BMI group, stratified by TYG index. (A=D) represent TYG = Q1, TYG =
Q2, and TYG = Qg, respectively.

TABLE 4 | Influence of TYG index as a continuous variable on the relationship between BMI and stroke.

Outcome BMI Crude HR/OR Adjusted HR/OR P-Value P-Value for
(95% CI) (95% CI)* interaction
Stroke recurrence BMI< 25 kg/m? 1 1 0.4270 0.2529
BMI > 25 kg/m? 1.026 (0.890-1.184) 1.061 (0.916-1.229)
aPoor outcome BMI < 25 kg/m? 1 1 0.3935 0.9176
BMI > 25 kg/m? 0.798 (0.726-0.877) 0.953 (0.854-1.064)
Death BMI < 25 kg/m? 1 1 0.0210 0.9359

BMI > 25 kg/m? 0.680 (0.589-0.785)

0.841 (0.725-0.974)

TYG index Inffasting triglycerides (mg/dl) x fasting glucose(mg/ dl)/2]; BMI [weight in kilograms divided by height in meters squared].
*adjusted for sex, age, NIHSS score at admission, IV thrombolysis, smoking, medical history (Diabetes, Myocardial infarction, Atrial fibrillation, Hypertension, Hyperlipidemia), medication
(Antihypertensive drugs, Antiplatelet drugs, Anticoagulation drugs, Lipid-lowing drugs, Hypoglycemic drugs), Laboratory examination (TG, TC, HDL, LDL, FBG).

apoor outcome, modif.

DISCUSSION

We found that overweight/obese stroke patients had a
remarkably lower mortality compared to patients with
normal/low BMI. There is an interaction between age and
BMI. We found that association between BMI and stroke
outcome was modified by age. However, we found no difference
in outcomes in overweight/obese and normal/low-weight

stroke patients that were stratified by TYG index and we did
not observe an association between BMI and TYG index in
ischemic stroke patients. A previous study examined IR using
HOMA-IR suggested that the obesity paradox for mortality exists
in insulin-resistant patients but not insulin-sensitive patients
(6), suggesting IR may be part of the underlying mechanism
of the obesity-stroke paradox. In this study, however, we did
not observe a relationship between IR and the obesity-stroke
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TABLE 5 | Multivariate analysis of BMI and TYG index on stroke outcome.

Variable Stroke recurrence 2Poor outcome Death

HR (95% CI) P-Value OR (95% CI) P-Value HR (95% CI) P-Value
BMI>25 kg/m? 1.065 (0.920-1.233) 0.4001 0.954 (0.854-1.064) 0.3972 0.844 (0.728-0.978) 0.0237
TYG index Q2 0.974 (0.803-1.180) 0.7844 0.971 (0.849-1.111) 0.6682 1.059 (0.897-1.249) 0.4982
TYG index Q3 0.970 (0.794-1.185) 0.7648 0.930 (0.806-1.072) 0.3158 1.038 (0.870-1.239) 0.6770
TYG index Q4 1.176 (0.957-1.446) 0.1228 0.838 (0.717-0979) 0.0262 1.071 (0.879-1.304) 0.4954
Age 1.022 (1.015-1.028) <0.0001 1.070 (1.065-1.076) <0.0001 1.072 (1.065-1.079) <0.0001
Male, 1.009 (0.853-1.1993) 0.9167 1.117 (0.990-1.260) 0.0715 0.957 (0.826-1.109) 0.5578
NHISS score median (IQR) 1.043 (1.034-1.059) <0.0001 1.172 (1.160-1.830) <0.0001 1.091 (1.085-1.098) <0.0001
thrombolysis 0.867 (0.509-1.475) 0.5980 1.066 (0.742-1.531) 0.7303 0.697 (0.423-1.149) 0.1571
Prior/current smoker (%) 1.067 (0.907-1.256) 0.4330 0.958 (0.847-1.071) 0.4180 1.014 (0.876-1.174) 0.8519
Myocardial infarction 1.559 (1.088-2.233) 0.0156 1.038 (0.755-1.427) 0.8171 1.413 (0.996-2.004) 0.0526
Atrial fibrillation 1.804 (1.475-2.206) <0.0001 1.211 (1.025-1.454) 0.0250 1.804 (1.475-2.206) <0.0001
Hypertension 1.365 (1.138-1.637) 0.0008 1.292 (1.132-—1.474) 0.0001 1.365 (1.138-1.637) 0.0008
Hyperlipidemia 1.047 (0.762-1.438) 0.7767 0.685 (0.526-0.892) 0.0050 1.047 (0.762-1.438) 0.7767
Antihypertensive drugs 0.897 (0.755-1.065) 0.2141 0.827 (0.727-0.941) 0.0039 0.897 (0.755-1.065) 0.2141
Antiplatelet drugs 1.147 (0.958-1.347) 0.1347 1.303 (1.140-1.490) 0.0001 1.147 (0.958-1.374) 0.1347
Anticoagulation drugs 0.928 (0.506-1.704) 0.8096 1.214 (0.753-1.957) 0.4258 0.928 (0.506-1.704) 0.8096
Lipid-lowing drugs 0.977 (0.647-1.475) 0.9115 1.348 (0.965-1.881) 0.0796 0.977 (0.647-1.475) 0.9115
TC(mg/dl) 1.001 (0.999-1.003) 0.4254 1.001 (0.999-1.002) 0.5651 1.001 (0.999-1.003) 0.4254
HDL(mg/dl) 1.0083 (0.998-1.007) 0.2232 0.999 (0.996-1.003) 0.6850 1.003 (0.998-1.007) 0.2232
LDL(mg/dl) 1.000 (0.998-1.002) 0.9268 1.001 (1.000-1.003) 0.0891 1.000 (0.998-—1.002) 0.9268

TYG index Inffasting triglycerides (mg/dl) x fasting glucose(mg/ dl)/2]; BMI [weight in kilograms divided by height in meters squared)].

aPoor outcome, modified Rankin Scale score 3-6.

paradox. Possible explanations for this result include that obesity
is a fundamental risk factor for the onset and development of
insulin resistance, and the majority of the population with IR is
obese or overweight. IR results in excessive release of free fatty
acids (FFAs) into circulation by unrestrained lipolysis (23). The
increased flux of FFAs increases triglyceride synthesis in the liver
and the synthesized triglyceride is then released into plasma,
which raises the risk of hypertriglyceridemia and subsequent
metabolic syndrome (23). When the storage capacity of adipose
tissue reaches full capacity, the energy surplus presenting in
obese patients leads to an increased efflux of FFAs and an ectopic
accumulation of fat in the liver (24). As such, numerous studies
have demonstrated that the TYG index is highly associated
with the incidence of non-alcoholic fatty liver disease (NAFLD)
(25-27). An epidemiological survey of a Chinese population
also found that an elevation of the TYG index might predict an
increased incidence of NAFLD (28). A high TYG index is more
likely to reflect metabolic abnormalities after the occurrence
of the IR. Previous studies have also shown that visceral fat
(VAT) rather than subcutaneous fat (SAT) is correlated with
the occurrence of cardiovascular diseases (29). Kim et al. found
that a low VAT proportion is associated with favorable and
excellent outcomes in acute ischemic stroke patients treated with
intravenous thrombolysis (30). Another study found that better
clinical outcomes in obese patients are associated with a lower
proportion of VAT (30). Conversely, higher visceral and liver fat
amounts have been found in IR obesity (31), suggesting that IR

may counteract the paradoxically protective effects of obesity in
stroke patients. Second, the presence of metabolically healthy
obese (MHO) individuals, a previously identified subset of obese
subjects without metabolic abnormalities (including IR and a
proatherogenic lipoprotein profile) may also be responsible for
the controversial results. Although MHO criteria have not been
clearly defined, normal glucose and lipid metabolism parameters,
in addition to the absence of hypertension, is considered typical
MHO diagnostic criteria (32). For example, Sdnchez-Iiigo
et al. found that metabolically unhealthy obese/non-obese
(MUNO/MUO) individuals exhibit a greater risk of ischemic
stroke than metabolically healthy non-obese, in which the TYG
index is used to define a metabolically healthy state (MUNO,
HR 1.55, CI 95% 1.36-1.77; MUO, HR 1.86, CI 95% 1.57-2.21)
(33). Last, TYG index does not fully represent IR. Many studies
have suggested that TYG index can be used as a surrogate
of insulin resistance in otherwise healthy-appearing patients
(15, 21, 34, 35). However, these findings lack consistency and
a systematic review deemed the evidence for the usefulness
of the TYG index as a surrogate biochemical marker of IR as
“moderate-to-low quality.”

We identified the obesity paradox in all four groups before
the covariates were adjusted, but the results were no longer
significant after adjustment. Indeed, whether or not the obesity
paradox is a true phenomenon is still the subject of much
debate. Some have proposed that the paradox is caused by
physiological factors that reduce risk in obese participants
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(36), whereas others suggested that it is an artifact resulting
from selection bias in observational studies (37). From clinical
and epidemiological observations, many contributing factors
have been identified that lead to lower mortality, such as
demographic characteristics (e.g., age, sex, educational status)
and physical conditions (e.g., severity and duration of heart
disease, initial neurological severity, and cachexia). In the
present study, we found that overweight/obese patients are more
likely to use antihypertensive, lipid-lowering, and antiplatelet
drugs at baseline. We adjusted for patient characteristics that
include sex, age, NIHSS score at admission, IV thrombolytic
therapy, smoking, medical history (i.e., myocardial infarction,
atrial fibrillation, hypertension, hyperlipidemia), and medication
(i.e., antihypertensive, antiplatelet, anticoagulation, lipid-lowing,
and hypoglycemic drugs). Despite the adjustments for these
potentially confounding factors, the obesity paradox remained,
with an adjusted HR for overall mortality in the overweight/obese
group being 0.847 (0.732-0.981). A previous study including a
cohort of 21,884 patients from the Danish National Indicator
Project registry, found that post-stroke mortality in the 5-year
follow-up period is lower in overweight (BMI 25.0-29.9 kg/m?)
and obese (BMI 30.0-34.9 kg/m?) patients compared to those
with normal weight (BMI 18.5-24.9 kg/m?) and underweight
(BMI<18.5 kg/mz) (5). We also identified a BMI-age interaction
since obese or overweight stroke patients older than 65 have a
lower mortality rate, while the interaction is not presented in
patients younger than 65. In contrast to our results, Vemmos
et al. found that the protective effect of BMI on mortality
decreases with increasing age (3). However, a post-hoc analysis of
a randomized controlled trial in China (Clopidogrel in High-risk
patients with Acute Non-disabling Cerebrovascular Events) did
not identify the obesity paradox or observe an influence of age
on the association of weight status with the prognosis of stroke
(38). In a national wide representative survey of U.S. adults, an
effect of age among stroke survivors was discovered, whereby a
higher BMI was associated with a marginally increased mortality
in younger individuals that reduced linearly with increasing age.
This is similar to our findings (39).

We acknowledge several limitations with our findings. In
particular, as a post-hoc analysis, several variables of interest
were not accessible for analysis because they were not recorded.
Additionally, a comparison of BMI with the waist-to-hip ratio
cannot be evaluated. Our findings also use baseline BMI, fasting
triglyceride and glucose, which may have confounding effects
on the results as the collection of consecutive data about body
weight, fasting glucose, and triglyceride at the 12 months follow-
up is unavailable. Measurement errors across multiple centers
may also slightly impact patients’ fasting triglyceride and glucose
levels, yet the laboratory values of these studies should still be
comparable as the measurement techniques in all centers are
based on the recommendation of the International Federation of
Clinical Chemistry and Laboratory Medicine. A final limitation
of our study is the relatively short follow-up period of 12 months.
Several other studies have tracked patients much longer. For
example, Korean Stroke Registry included 2,317 patients with

ischemic stroke with 7.5-year follow-up (40) and the Prospective
investigation of Greece included 2,785 first-ever acute stroke
patients with a 10-year follow up (3).

In conclusion, we found that overweight and obese stroke
patients have significantly lower mortality compared to patients
with normal BM]I, in line with previous reports of the stroke
obesity paradox. Additionally, our findings suggest that age may
influence the relationship between BMI and stroke prognosis.
Stratification by TYG index eliminated the presence of the obesity
paradox in this patient cohort, and thus TYG index, or its
correlate IR, may not be beneficial in understating the metabolic
mechanisms responsible for the stroke obesity paradox.
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