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Objective: To explore the relationship of hypertriglyceridemic waist phenotype
(HTWP) with initial neurological severity and etiologic subtypes in patients with
acute ischemic stroke.

Methods: The data for this study were collected from hospitalized patients
within 72 h of acute ischemic stroke onset at the Department of Neurology of
the Affiliated Hospital of Beihua University from 1 July 2020 to 30 June 2022.
The initial neurological severity was assessed by the National Institute of Health
Stroke Scale (NIHSS) on the day of admission: NIHSS <6 was defined as mild
stroke, and NIHSS >6 as moderate to severe stroke. HTWP was defined by
fasting serum triglycerides >1.7 mmol/L and waist circumference >90 cm in
men and >80 cm in women. Differentiation of etiologic subtypes was based on
the method reported in the Trial of Org 10 172 in Acute Stroke Treatment.
Multivariate logistic regression analysis was used to analyze the association of
HTWP with initial neurological severity and etiologic subtypes.

Results: The study included 431 patients. Compared with the normal waist—
normal blood triglyceride group, patients with HTWP had reduced risks of
moderate to severe stroke [odds ratio (OR): 0.384, 95% confidence interval (Cl):
0.170-0.869; P = 0.022]. In addition, the risk of small-artery occlusion stroke
was 2.318 times higher in the HTWP group than in the normal triglyceride—
normal waist (NWNT) group (OR: 2.318, 95% Cl: 1.244-4.319; P = 0.008).

Conclusion: Initial neurological severity was less severe in patients with HTWP,
and HTWP was associated with an increased risk of small-artery occlusion

stroke.
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Introduction

Stroke is a disease with high morbidity and mortality worldwide
and is a major contributor to disability (1). With the rapid
development of China’s economy and the improvement in
people’s living standards, exposures to some cerebrovascular risk
factors like smoking, overweight or obesity, hypertension, and
diabetes mellitus are on the rise; the incidence of stroke has
continued to increase over the past 30 years, and China faces the
highest burden of stroke in the world (2, 3). Ischemic stroke is the
most common type of cerebrovascular disease, constituting 69.6%
and 77.8% of stroke incidence and prevalence, respectively, in China
(3). Although revolutionary progress has been made by intravenous
thrombolysis and intravascular therapy in hyperacute cerebral
infarction in recent years (4, 5), substantial challenges remain to
enhance the curative effect of traditional medicine therapy when
patients miss the thrombolytic time window, especially those
patients with disorders of motor function and activities of day-to-
day living, which carry enormous consequences for societies and
economies (6). Thus, controlling risk factors, early diagnosis,
accurate assessment of initial neurological severity, and
appropriate treatment are of great significance for the prognosis
of ischemic stroke.

Though obesity is an independent risk factor for ischemic
stroke, numerous studies have shown an inverse association
between obesity and clinical prognosis in patients with ischemic
stroke, and this phenomenon is known as the obesity paradox (7-
11). However, obesity does not fully account for the influence of
body fat distribution, and further studies found that waist
circumference (WC) could more accurately reflect the
accumulation of visceral fat and the degree of atherosclerosis;
thus, it was more strongly related to ischemic stroke than body
mass index (BMI) (12, 13). The Northern Manhattan Stroke Study
indicated that abdominal obesity is an independent, potent risk
factor for ischemic stroke (12), but higher WC has been linked to
milder baseline stroke severity and better functional outcomes
among patients with acute ischemic stroke (14, 15). Apart from
obesity, a prospective cohort study showed that triglycerides (TGs)
are positively associated with ischemic stroke (16). In contrast,
clinical data from retrospective observational studies suggest that
patients with higher TG also manifest milder neurological severity
and better early outcomes (17, 18). Based on the above research
findings, it seemed that an obesity paradox existed in ischemic
stroke despite different obesity measures. However, recent studies
found that the obesity paradox does not apply to all individuals, and
whether it exists is affected by numerous factors such as sex, uric
acid, and insulin sensitivity (19-21). Importantly, a large sample
size retrospective study found that obesity was not associated with
the risk of death in the first month after stroke, and patients with
higher BMI had a stroke at a younger age, suggesting that the
obesity paradox in stroke is not real and may be caused by selection
bias (22).
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Currently, only computed tomography (CT) and magnetic
resonance imaging (MRI) can accurately measure the content of
visceral fat (23-25), but these imaging techniques are not suitable
for health screening in large populations because of the high cost
and radiation exposure. Since the measurement of WC alone is
ineffective in distinguishing between subcutaneous and visceral
adipose tissues (26), the concept of hypertriglyceridemic waist
phenotype (HTWP) (defined as coexisting hypertriglyceridemia
and an elevated WC) was put forward by Lemieux et al. (27) to
solve the abovementioned problem, which was used as a simple
marker to identify individuals with metabolic abnormalities and
increased visceral fat (28-30). To date, two prospective studies have
shown that HTWP is associated with an increased risk of ischemic
stroke (31, 32). Nevertheless, there is no research on the association
between HTWP and the clinical manifestation of acute ischemic
stroke. Hence, this retrospective cohort study aimed to evaluate the
effects of the HTWP on initial neurological severity and etiologic
subtypes in patients with acute ischemic stroke.

Materials and methods
Inclusion and exclusion criteria

The data for this study were collected from consecutive
hospitalized patients at the Department of Neurology of the
Affiliated Hospital of Beihua University from 1 July 2020 to 30
June 2022. The research proposal was approved by the Medical
Ethics Committee of the Affiliated Hospital of Beihua University
(2021-R-17). The inclusion criteria included the following: 1) in
line with the Chinese 2018 guidelines for the early management
of patients with acute ischemic stroke (33), all patients were
diagnosed by brain CT and MRI examinations; 2) the study
sample consists of consecutive first-ever acute ischemic stroke
patients with an onset <72 h; 3) the patients and their families
were aware of the study and signed a consent form; and 4)
complete and detailed clinical data sets were available. The
exclusion criteria were as follows: 1) CT or MRI examination
of the brain indicating cerebral hemorrhage or non-acute
vascular brain lesions, 2) previous history of stroke with
neurological impairment, 3) a history of taking lipid-lowering
drugs 1 month before the investigation, and 4) transient
ischemic attacks without ischemic lesions visible on MRI
performed within 24 h of stroke onset.

Data collection

According to the World Health Organization standardized
protocols, trained professionals completed physical examinations
(e.g., resting blood pressure, WC) on admission. Blood pressure was
measured by an electronic sphygmomanometer (OMRON HEM-
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7211), and each patient was measured two consecutive times at an
interval of 2 min while resting for at least 15 min before, and the
average was taken as the final result. WC was measured with a
tapeline to the nearest 0.1 cm at the midpoint between the lower
margin costal arch and anterior superior iliac spine at the end of
expiration (34). For partially paralyzed and bedridden patients with
acute ischemic stroke, their WC was measured at the level of the
umbilicus using a measuring tape (14). All patients underwent
diagnostic tests, including routine and biochemical blood tests,
brain CT and MRI scans, and cerebrovascular, cervical vascular,
and cardiac ultrasound.

Definitions of the HTWP and
other phenotypes

According to the criteria for metabolic syndrome in
the Chinese population established by the International Diabetes
Federation, hypertriglyceridemia was defined as TG >1.7 mmol/L
and abdominal obesity as WC 290 c¢cm for men and >80 cm
for women (34). Patients were divided into three groups: 1)
normal waist-normal blood TG (NWNT): TG <1.7 mmol/L
and WC <90 cm (men) or <80 cm (women); 2) elevated waist—
normal blood TG (EWNT)/normal waist-elevated blood
TG (NWET): TG <1.7 mmol/L and WC >90 cm (men) or >80
cm (women)/TG <1.7 mmol/L and WC =90 cm (men) or =80 cm
(women); and 3) HTWP: TG >1.7 mmol/L and WC =90 cm
(men) or =80 cm (women).

Diagnostic criteria for initial neurological
severity and etiologic subtypes

The National Institute of Health Stroke Scale (NIHSS) was
independently assessed by two neurologists on the day of
admission, and the consistency test was conducted to assess
the results. NTHSS on admission was used as the main indicator
to evaluate the initial neurological severity of an acute ischemic
stroke, categorized as mild (0-5), moderate (6-13), or severe
(=14) (35). According to clinical manifestations, imaging, and
laboratory examinations, the patients were divided into four
etiologic subtypes based on the method reported in the Trial of
Org 10 172 in Acute Stroke Treatment (36, 37): 1) large-artery
atherosclerosis (LAA), 2) small-artery occlusion (SAO), 3)
cardioembolism (CE), and 4) stroke of other determined
etiology and undetermined etiology (SOE and SUE).

Diagnostic criteria of risk factors
for stroke

Smokers indicated continuous or accumulative smoking for
6 months or more (38). Alcohol drinkers reported taking more
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than 14 standard drinks per week for men and seven standard
drinks per week for women, following the National Institute on
Alcohol Abuse and Alcoholism guidelines (39). Hypertension
was designated as systolic blood pressure (SBP) 2140 mmHg,
diastolic blood pressure (DBP) 290 mmHg, or taking
antihypertensive therapy (40). Diabetes was considered fasting
blood glucose at least at the level of 7.0 mmol/L or taking
hypoglycemic therapy (41). Atrial fibrillation and coronary heart
disease (CHD) were based on a self-reported history and the
results of an electrocardiogram at admission. Anemia was
defined as hemoglobin <130 g/L in men and <120 g/L in
women or those taking anti-anemia therapy (42). Physical
activity was defined as the performance of heavy physical
labor or regular physical exercise for more than 1 year, more
than three times per week, and for at least 30 min per session.

Statistical method

SPSS 19.0 statistical software (SPSS Inc., Chicago, IL, USA)
was used for the statistical analysis. The Shapiro-Wilk normality
test was performed based on the data obtained. Non-normal
distribution data were expressed as median and quartile range.
Differences between continuous variables were compared using
the Mann-Whitney test (two groups) or the Kruskal-Wallis test
(multiple groups). Enumeration data were expressed as
frequency and percentage, and comparisons between groups
were performed using the y* test. Because atrial fibrillation
occurs only in CE and SUE, atrial fibrillation was not included
in the stroke subtype model. Multivariate logistic regression
analysis was used to identify independent risk factors, and the
odds ratio (OR) and 95% confidence interval (CI) were
calculated. P <0.05 was considered statistically significant.

Results

From 1 July 2020 to 30 June 2022, 549 hospitalized patients
within 72 h of stroke onset were included in this study; after
screening, 431 of them met the inclusion criteria, as shown in the
flowchart (Figure 1). The patients’ demographic and clinical
characteristics are shown in Table 1. The median patient age
was 64 (interquartile range: 58-72) years, and 67.05% were men.
Among the 431 patients included, 346 (80.28%) had mild stroke,
and 85 (19.72%) had moderate or severe stroke on admission.
Compared with patients with mild stroke, patients with moderate
to severe stroke at admission had higher rates of atrial fibrillation
(P < 0.001). In contrast, patients with moderate to severe stroke at
admission had less physical activity (P = 0.003).

As shown in Table 2, patients were assigned to three groups
according to their WC and TG data. There were 108, 163, and
103 patients in the NWNT, EWNT/NWET, and HTWP groups,
respectively. Age, the proportion of hypertension, diabetes,
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Patients with acute ischemic stroke
N=549 Previous history of stroke with
neurological impairment: 36
History of taking lipid-lowering
drugs 1 month before
hospitalization: 25
The time from onset to admission
- - - - was over 72 hours: 14
Patients with acute ischemic stroke Clinical data were incomplete: 43
N=431
Mild stroke LAA
N=346 N=132
SAO
Group by Group by Group by N=179
initial WCand TG etiologic
severity levels subtypes CE
N=37
Moderate to severe stroke SOE and SUE
N=85 N=83
NWNT EWNT/NWET HTWP
N=108 N=220 N=103
FIGURE 1

Flowchart of the research object selection.

TABLE 1 Characteristics of the patients stratified by initial neurological severity.

Variables

Age (years)
Gender (male)
Residence (rural)
Educational level (> high school)
Hypertension
Diabetes

Atrial fibrillation
Coronary heart disease
Anemia

Smoker

Alcohol drinker
Physical activity
Etiologic subtypes
LAA

SAO

CE

SOE and SUE
WC and TG data
NWNT
EWNT/NWET
HTWP

Values are expressed as median (Q1-Q3) or n (%).
LAA, large-artery atherosclerosis; SAO, small-artery occlusion; CE, cardioembolism; SOE and SUE, stroke of other determined etiology and undetermined etiology; NWNT, normal waist—
normal blood triglycerides; EWNT, elevated waist-normal blood triglycerides; NWET, normal waist-elevated blood triglycerides; HTWP, hypertriglyceridemic waist phenotype.
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Total
N =431

64.0 (58.0-72.
289 (67.05)
131 (30.39)
131 (30.39)
331 (76.80)
151 (35.03)

30( 6.96)
100 (23.20)
39 (9.05)
212 (49.19)
141 (32.71)
250 (58.00)

132 (30.63)
179 (41.53)
37 (8.58)
83 (19.26)

108 (25.06)
220 (51.04)
103 (23.90)

Mild stroke

N = 346

0) 64.5 (57.0-71
234 (67.63)
105 (30.35)
109 (31.50)
263 (76.01)
118 (34.10)

16 (4.62)

79 (22.83)

31 (8.96)
167 (48.27)
117 (33.82)
230 (66.47)

101 (29.19)
167 (48.27)
24 (6.94)
54 (15.61)

78 (22.54)

179 (51.73)
89 (25.72)

04

.0)

Moderate to severe stroke
N=85

64.0 (58.0-75.5)
55 (64.71)
26 (30.59)
22 (25.88)
68 (80.00)
33 (38.82)
14 (16.47)
21 (24.71)

8 (9.41)

45 (52.94)

24 (28.24)

42 (49.41)

31 (36.47)
12 (14.12)
13 (15.29)
29 (34.12)
30 (27.78)
41 (18.64)
14 (16.47)

P-value

0.337
0.607
0.965
0.313
0.435
0.414
<0.001
0.714
0.896
0.44
0.326
0.003
<0.001

0.030
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CHD, initial neurological severity, and etiology types showed
statistically significant differences among the three groups (P <
0.05). Compared with the NWNT group, the proportion of
hypertension, diabetes, and CHD in the HTWP group was
higher (P < 0.05), while age was lower (P < 0.05).

As shown in Table 3, compared with patients with NWNT,
single-factor logistic regression analysis showed that patients
with HTWP had reduced risks of moderate to severe stroke (OR:
0.409, 95% CI: 0.202-0.826; P = 0.013, Table 3). Furthermore,
the association of WC and TG data with initial neurological
severity was assessed by three different multivariate logistic
regression analysis models. After adjusting for various
potential confounding factors, including age, sex, residence
and education levels, hypertension, diabetes, atrial fibrillation,
CHD, anemia, smoking, alcohol consumption, physical activity,
and stroke etiologic subtypes, this pattern of significant
association remained (OR: 0.384, 95% CI: 0.170-0.869; P =
0.022, Table 3).

As shown in Table 4, all patients were divided into four
groups according to stroke etiologic subtypes, including 132,
179, 37, and 83 patients in the LAA, SAO, CE, and SOE and SUE
groups, respectively. The stroke etiologic subtypes differed by
age, the proportion of CHD and anemia, initial neurological
severity, and WC and TG data. Compared with patients with
NWNT, multivariate logistic regression analysis showed that

TABLE 2 Characteristics of the patients stratified by WC and TG data.

NWNT
N =108

Variables

Age (years) 66.0 (59.3-74.0)

Gender (male) 80 (74.07)
Residence (rural) 36 (33.33)
Educational level (> high school) 43 (39.81)
Hypertension 81 (75.00)
Diabetes 18 (16.67)
Atrial fibrillation 10 (9.26)
Coronary heart disease 25 (23.15)
Anemia 14 (12.96)
Smoker 58 (53.70)
Alcohol drinker 35 (32.41)
Physical activity 71 (65.74)
Initial neurological severity

Mild stroke 78 (22.54)
Moderate to severe stroke 30 (27.78)
Etiologic subtypes

LAA 40 (37.04)
SAO 31 (28.70)
CE 16 (14.81)
SOE and SUE 21 (19.44)

Values are expressed as median (Q1-Q3) or n (%).

10.3389/fendo.2022.1024398

patients with HTWP had increased risks of SAO (OR: 2.318,
95% CI: 1.244-4.319; P = 0.008, Table 5) and reduced risks of CE
(OR: 0.131, 95% CI: 0.033-0.528; P = 0.004, Table 5) after
adjusting for various potential confounding factors such as age,
sex, residence and education levels, hypertension, diabetes,
CHD, anemia, smoking, alcohol drinking, and physical activity.

Discussion

To our best knowledge, this is the first study to evaluate the
association of HTWP with the clinical manifestation of acute
ischemic stroke. In this study, we found that patients with
HTWP had a reduced risk of moderate-to-severe stroke at
admission. We also found that the etiological subtype of stroke
in patients with HTWP was more likely to be SAO.

In recent years, epidemiologic studies have shown that
HTWP is an independent risk factor for ischemic stroke and
could be used as a simple tool to screen individuals with a high
risk for ischemic stroke (31, 32). Data from a large prospective
cohort study of 95,015 participants in the Kailuan community in
Tangshan, China, indicated that HTWP had an unadjusted
hazard ratio (HR) of 1.75 (95% CI: 1.48-2.06) for future
ischemic stroke, and the HR remained significant (HR: 1.23,
95% CI: 1.01-1.49) after adjustment for confounders (31). In

EWNT/NWET HTWP P-value

N =220 N =103
65.0 (57.0-71.8) 63.0 (56.0-68.0)* 0.007
147 (66.82) 62 (60.19) 0.100
65 (29.55) 30 (29.13) 0.743
68 (30.91) 30 (29.13) 0.183
159 (72.27) 91 (88.35)* 0.005
78 (35.45)* 55 (53.40)* <0.001
18 (8.18) 2 (1.94) 0.067
42 (19.09) 33 (32.04)* 0.037
20 (9.09) 5 (4.85) 0.184
106 (48.18) 48 (46.60) 0.536
75 (34.09) 31 (30.10) 0.773
140 (63.64) 61 (59.22) 0.602
0.030

179 (51.34) 89 (25.72)

41 (18.64) 14 (16.47)
0.009

62 (28.18) 30 (29.13)

97 (44.09) 51 (49.51)

18 (8.18) 3 (2.91)
43 (19.55) 19 (18.45)

LAA, large-artery atherosclerosis; SAO, small-artery occlusion; CE, cardioembolism; SOE and SUE, stroke of other determined etiology and undetermined etiology; NWNT, normal waist—

normal blood triglycerides; EWNT, elevated waist-normal blood triglycerides; NWET, normal waist-elevated blood triglycerides; HTWP, hypertriglyceridemic waist phenotype.

*P < 0.05 compared with NWNT.
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TABLE 3 Odds ratio (95% confidence interval) for moderate to severe stroke according to WC and TG data.

NWNT
Unadjusted 1.000 (Ref)
P-value
Model 1 1.000 (Ref)
P-value
Model 2 1.000 (Ref)
P-value
Model 3 1.000 (Ref)
P-value

NWET/EWNT

0.596 (0.347-1.023)

10.3389/fendo.2022.1024398

HTWP

0.409 (0.202-0.826)

0.060 0.013

0.591 (0.341-1.024) 0.401 (0.195-0.826)
0.061 0.013

0.540 (0.301-0.969) 0.358 (0.162-0.789)
0.039 0.011

0.555 (0.300-1.028) 0.384 (0.170-0.869)
0.061 0.022

Model 1: adjusted for age, gender, residence, and education level; model 2: adjusted for model 1, hypertension, diabetes, atrial fibrillation, coronary heart disease, anemia, smoker, alcohol
drinker, and physical activity; model 3: adjusted for model 2 and stroke etiologic subtypes.

addition, a prospective cohort study that surveyed 4,081
participants over 35 years of age without a stroke history
showed that HTWP was significantly associated with an
increased risk of ischemic stroke before and after adjustment
for confounding factors; the HR and 95% CI were 1.94 (1.27-
2.96) and 1.71 (1.05-2.78), respectively (32).

Although no studies have evaluated the impact of HTWP on
initial neurological severity, a series of studies have shown that
lower TG levels and smaller WC are associated with more severe
stroke (14, 15, 43, 44). Weir et al. found that lower TG levels
were associated with more severe initial neurological
impairment and higher mortality following acute stroke (43).
Similarly, Tziomalos et al. reported that lower TG levels are

associated with more severe stroke and appear to predict in-
hospital mortality in patients with acute ischemic stroke (44).
Moreover, Kang et al. found that higher WC at admission was
associated with milder baseline stroke severity and better
functional outcomes following acute ischemic stroke (14, 15).
In line with the above research findings, our data showed that
patients with HTWP were more likely to have a mild stroke. In
our view, part of the reason for the above results might be linked
to the difference in patients’ socioeconomic status. In China,
individuals with higher family incomes tend to be overweight or
slightly obese and are more likely to receive better treatment and
secondary prevention after an ischemic stroke (45). Another
important reason might be that individuals with HTWP are

TABLE 4 Characteristics of the patients stratified by stroke etiologic subtypes.

Variables LAA SAO

Age (years)

N =132

65.5 (59.0-74.5)

N=179

63.0 (56.5-69.0)

Gender (male) 93 (70.45) 119 (66.48)
Residence (rural) 38 (28.79) 53 (29.61)
Educational level (> high school) 36 (27.27) 56 (31.28)
Hypertension 108 (81.82) 135 (75.42)
Diabetes 48 (36.36) 65 (36.31)
Coronary heart disease 30 (22.73) 29 (16.20)
Anemia 16 (12.12) 5(2.79)
Smoker 66 (50.00) 88 (49.16)
Alcohol drinker 45 (34.09) 64 (35.75)
Physical activity 81 (61.36) 122 (68.16)
Initial neurological severity

Mild stroke 101 (76.52) 167 (93.30)
Moderate to severe stroke 31 (23.48) 12 (6.70)
WC and TG data

NWNT 40 (30.30) 31 (17.32)
EWNT/NWET 62 (46.97) 97 (54.19)
HTWP 30 (22.73) 51 (28.49)

CE SOE and SUE P-value

N=37 N=83
68.0 (60.0-77.0) 63.0 (57.0-71.0) 0.008
23 (62.16) 54 (65.06) 0.737
11 (29.73) 29 (34.94) 0.794
11 (29.73) 28 (33.73) 0.772
30 (81.08) 58 (69.88) 0.198
11 (29.73) 27 (32.53) 0.821
24 (64.86) 17 (20.48) <0.001
8 (21.62) 10 (12.05) <0.001
17 (45.95) 41 (49.40) 0.979
9 (24.32) 23 (27.71) 0.393
23 (62.16) 46 (55.42) 0.235
<0.001

24 (64.86) 54 (65.06)

13 (35.14) 29 (34.94)
0.009

16 (43.24) 21 (25.30)

18 (48.65) 43 (51.81)

3(8.11) 19 (22.89)

Values are expressed as median (Q1-Q3) or n (%). LAA, large-artery atherosclerosis; SAO, small-artery occlusion; CE, cardioembolism; SOE and SUE, stroke of other determined etiology
and undetermined etiology; NWNT, normal waist-normal blood triglycerides; EWNT, elevated waist-normal blood triglycerides; NWET, normal waist-elevated blood triglycerides;

HTWP, hypertriglyceridemic waist phenotype.

Frontiers in Endocrinology

06

frontiersin.org


https://doi.org/10.3389/fendo.2022.1024398
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

Ren et al.

10.3389/fendo.2022.1024398

TABLE 5 Odds ratio (95% confidence interval) for stroke etiologic subtypes according to WC and TG data.

NWNT
LAA
Unadjusted 1.000 (Ref)
P-value
Model 1 1.000 (Ref)
P-value
Model 2 1.000 (Ref)
P-value
SAO
Unadjusted 1.000 (Ref)
P-value
Model 1 1.000 (Ref)
P-value
Model 2 1.000 (Ref)
P-value
CE
Unadjusted 1.000 (Ref)
P-value
Model 1 1.000 (Ref)
P-value
Model 2 1.000 (Ref)
P-value

NWET/EWNT HTWP

0.667 (0.409-1.087) 0.699 (0.392-1.244)

0.104 0.223
0.715 (0.435-1.175) 0.792 (0.437-1.436)
0.186 0.443
0.696 (0.417-1.162) 0.719 (0.384-1.346)
0.166 0.302

1.959 (1.195-3.212) 2.436 (1.380-4.301)

0.008 0.002
1.186 (1.119-3.046) 2200 (1.231-3.933)
0.016 0.008
1.779 (1.057-2.994) 2318 (1.244-4.319)
0.030 0.008

0.512 (0.250-1.050) 0.173 (0.049-0.611)

0.068 0.006

0.525 (0.253-1.088) 0.181 (0.050-0.655)
0.083 0.009

0.622 (0.273-1.415) 0.131 (0.033-0.528)
0.257 0.004

Model 1: adjusted for age, gender, residence, and education level; model 2: adjusted for model 1, hypertension, diabetes, coronary heart disease, anemia, smoker, alcohol drinker, and

physical activity.

more likely to have hypertension, diabetes, and ischemic heart
disease (46, 47), and they will often use prophylactic drugs to
effectively control these stroke risk factors and reduce the
probability of experiencing moderate to severe ischemic stroke.

Notably, studies have shown that visceral fat accumulation is
associated with an increased risk of small vascular disease and
lacunar infarction (48, 49). In addition, Pinto et al. found that
patients with CE and SUE had greater initial neurological
severity on admission and the worst prognosis either in terms
of disability or mortality, while those with SAO had the least
initial neurological severity at admission and the best prognosis
(50). Our results suggest that HTWP was associated with SAO;
therefore, we speculate that the reason why patients with HTWP
were more prone to mild stroke might be related to lacunar
infarction. Lemieux et al. revealed that individuals with HTWP
exhibited the atherogenic metabolic triad (hyperinsulinemia,
elevated apo B, and small-dense low-density lipoprotein),
further leading to the development of early atherosclerosis and
an increased risk of CHD (27). Furthermore, Chen et al. also
found that individuals with HTWP presented higher serum uric
acid levels, suggesting that hyperuricemia could be a
pathophysiologic link between HTWP and atherothrombosis
(51). It is worth noting that some studies have shown that insulin
resistance and hyperuricemia are independent risk factors for
lacunar infarction (52, 53). Thus, we speculate that patients with
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HTWP have insulin resistance and hyperuricemia and are more
prone to lacunar stroke, but the specific mechanism needs to be
further studied.

It is difficult to measure the weight of patients with acute
ischemic stroke because many hemiplegic or unconscious
patients cannot stand on the scale without assistance. By
measuring WC and serum fasting TG, we can easily and
quickly assess the patients’ visceral fat status. Therefore,
HTWP can be a simple measure of visceral fat in patients with
acute ischemic stroke. There are a few limitations to this study.
Firstly, due to the retrospective design of this study, a causal
association between HTWP and initial neurological severity in
patients with acute ischemic stroke cannot be inferred.
Moreover, we did not follow up on stroke patients over a long
period, and the relationship between HTWP and long-term
outcomes in patients with acute ischemic stroke is unclear.
Additionally, our study group included only Chinese patients,
and our findings may not apply to other ethnic groups.
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