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ABSTRACT

OBJECTIVE: This study aims to determine sex differences in poststroke hypertriglyceridemia (serum triglyceride levels =200 mg/dl) and
high stroke severity in ischemic stroke patients.

METHOD: Our study analyzed data from 392 males and 373 females with hypertriglyceridemia. Stroke severity on admission was measured
using the National Institute of Health Stroke Scale (NIHSS) with a value <7 indicating a more favorable post-stroke prognosis while a score
of >7 indicates poorer post-stroke outcomes. Logistic regression models adjusted for demographic and risk factors. The adjusted odds
ratios (ORs) and 95% confidence intervals (Cls) for each clinical risk factor were used to predict the increasing odds of an association of a
specific clinical baseline risk factor with the male or female AlS with hypertriglyceridemia.

RESULTS: In the adjusted analysis, male patients with hypertriglyceridemia, diastolic blood pressure (OR=1.100, 95% CI, 1.034-1.171,
P=.002), and Ischemic stroke mortality (OR=6.474, 95% CI, 3.262-12.847, P<.001) were significantly associated with increased stroke
severity. In female patients with hypertriglyceridemia, age (OR=0.920, 95% CI, 0.866-0.978, P=.008) was associated with reduced stroke
severity, while ischemic stroke mortality score (OR=37.477, 95% CI, 9.636-145.756, P<.001) was associated with increased stroke
severity.

CONCLUSION Increased ischemic stroke mortality risk score was associated with increased severity in both male and female AlS patients
with hypertriglyceridemia. Our findings provide information about sex differences in specific risk factors that can be managed to improve the

care of male and female ischemic stroke patients with hypertriglyceridemia.
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Introduction

Hypertriglyceridemia which is characterized by abnormally
high plasma TG levels is caused by defective triglyceride (TG)
metabolism.? The National Cholesterol Education Program
guidelines? stratify the concentrations of fasting TGs into 4
levels: TGs levels of <150 mg/dl as normal, 150 to 199 mg/dl
mild, 200 to 499 mg/dl as high, and levels of =500mg/dl as
very high3 Elevated triglyceride levels (200-499 mg/dl)or
hypertriglyceridemia often results from a blend of acquired fac-
tors, including being overweight, physical inactivity, smoking,
excessive alcohol consumption, and a high intake of carbohy-
drates, coupled with genetic influences.**

Several studies have investigated the relationship between
hypertriglyceridemia and acute ischemic stroke (AIS).5
Findings indicate that serum triglyceride level is an important
predictor of early prognosis in patients with AIS.6 In a study
using a random-effects model, there was a significant associa-
tion between hypertriglyceridemia and an increased risk of
small-vessel occlusion, a subtype of ischemic stroke.” The ini-
tial neurological severity was less severe in patients with hyper-
triglyceridemic waist phenotype.® In a prospective study,

hypertriglyceridemia was associated with an increased risk of
ischemic stroke in both males and females, particularly among
female AIS patients.” High triglycerides seem to exert a worse
effect on females than males regarding the risk of ischemic
stroke.” However, the relationship between hypertriglyceri-
demia, stroke severity, and specific risk factors in male and
female ischemic stroke patients is not fully understood.

Studies have shown that ischemic stroke patients, especially
females, generally experience poor functional outcomes com-
pared to males.!® However, when treated with an intravenous
tissue-type plasminogen activator (IV#P4) no significant differ-
ence in outcomes was reported.!! Conversely, males tend to
present with improved outcomes with IVzP4 treatment than
females.!2 Such sex differences in stroke outcomes have been
attributed to several factors such as age,’® comorbidities,415
pre-stroke functional status,'®'” and stroke severity.”> While
several studies have shown that females have increased severity
of stroke compared to males!® further investigation is needed to
determine whether the observed sex differences are observable
in ischemic stroke patients with hypertriglyceridemia and var-
ying levels of stroke severity.
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The importance of using a stroke severity measure such as
the National Institutes of Health Stroke Scale (NIHSS) in sta-
tistical models for outcome prediction has been established.!%20
Initially, NIHSS was designed for research purposes to evalu-
ate baseline data from patients in acute stroke clinical trials, it
is now widely used in clinical settings to evaluate stroke sever-
ity, determine appropriate treatment, and predict patient out-
comes.?! Stratified NIHSS scores offer valuable insights into
the severity of stroke and the patient’s neurological status after
an AIS.1722 Values of NIHSS scores >7 at 6 hours from stroke
onset produced a positive predictive value of more than 75% for
a worse neurologic function,? and a score of <7 was associated
with better functional neurological outcomes.?#? Findings
indicate that stratified NIHSS scores provide measures of the
severity of stroke and the neurologic status of the patient.?0-2¢

While hypertriglyceridemia may heighten the risk and
severity of ischemic stroke by promoting atherosclerosis and
thrombosis and increasing blood viscosity, it may exert some
protective effects in post-stroke patients via unclear mecha-
nisms.” Given this discrepancy in the role of hypertriglyceri-
demia among AIS patients, it is plausible that other factors
may influence stroke severity in both male and female AIS
populations with hypertriglyceridemia. This raises the possibil-
ity that even if elevated TG or hypertriglyceridemia is con-
trolled in AIS patients, stroke severity could still manifest in
male and female patients due to other clinical risk factors.
Therefore, specific baseline clinical determinants may differen-
tially contribute to sex differences in stroke severity in AIS
patients with hypertriglyceridemia. We tested this hypothesis
by identifying specific demographic and clinical determinants
that could contribute to sex differences in AIS patients with
fasting elevated triglycerides. This study aims to investigate sex
differences in stroke severity in a population of patients with
hypertriglyceridemia, defined by a serum triglyceride level of
200mg/dL and above. Findings from this study could inform
clinical decision-making and treatment strategies targeted at
factors contributing to sex differences and stroke severity in
stroke patients with hypertriglyceridemia.

Materials and Methods
Study population

This retrospective study analyzed information from patients
diagnosed with acute ischemic stroke (AIS) and hypertriglyc-
eridemia at a regional stroke center of Prisma Health between
January 2010 and January 2016. Data included in this study are
from patients admitted to the stroke unit, diagnosed clinically,
and confirmed by brain imaging based on World Health
Organization (WHO) criteria for diagnosis of stroke were
included.?” Stroke severity on admission was measured using
the National Institute of Health Stroke Scale (NIHSS). A score
of <7 on this scale indicated a more favorable post-stroke prog-
nosis while a score of >7 indicated a less favorable post-stroke
outcome. Patients with hemorrhagic stroke were not included
in this study. Criteria for inclusion in this study include AIS in

addition to hypertriglyceridemia, measured by a triglyceride
level greater than or equal to 200mg/dl.?® The study also col-
lected additional data to identify stroke risk factors including
demographics such as age, race, sex, and medical history includ-
ing atrial fibrillation/atrial flutter, coronary artery disease,
carotid stenosis, diabetes mellitus, dyslipidemia, heart failure,
hypertension, obesity, BMI, previous stroke or TIA, family his-
tory of stroke, and peripheral vascular disease. Information on
medications taken before admission was documented including
the use of antiplatelets, anticoagulants, antihypertensives, cho-
lesterol-reducers, diabetic medications, or no medications. We
collected data on the use of IV Tissue Plasminogen Activator
(IVTPA) categorized by whether it was initiated in the hospital,
outside the hospital, or antithrombic initiation by the end of the
hospital stay. Data on ambulatory status before stroke, during
admission, and discharge were also extracted and recorded as
the ability to ambulate independently, with assistance, or unable
to ambulate. Patients without available ambulatory data were
labeled as either “No Data (ND)” or “Missing.” Laboratory val-
ues and vital signs on admission were recorded including cho-
lesterol (HDL, LDL, lipids), serum glucose, creatinine, INR,
heart rate, and blood pressure. Data on the overall ischemic
stroke mortality rate was also extracted. Our study was approved
by the PRISMA Health institutional review board of the
Institutional Committee for Ethics. The study ensured com-
plete anonymity of individual patients, and specific informed
consent from patients was not obtained due to this anonymity.
The investigators who performed the data analyses were una-
ware of the identities of those involved. This information was
only available to the coordinating center of the PRISMA
Health Upstate stroke register.

Statistical data analysis

The student-#-test was utilized to evaluate differences in con-
tinuous variables while the Pearson Chi-square test was used to
assess differences in proportions. We verified the normal distri-
bution of our data using the Kolomogorov-Smirnov test and
this was further validated using a Lilliefors test for enhanced
precision. The statistical significance level was set at a P value
of <.05. To further stratify male and female hypertriglyceri-
demia groups into patients with NIHSS=<7 or NIHSS>7, a
univariate analysis was conducted. Subsequently, binary logistic
regional models were constructed using identified predictors
from the univariate analysis with a probability value of <.3,
which allowed for the identification of independent predictors
of NIHSS scores for male and female AIS patients with hyper-
triglyceridemia. This approach reduced discrepancies from
non-comparable parameters. Binary logistic regional models
were used to compute odds ratios (ORs) and corresponding
95% confidence intervals (Cls) to evaluate the significance of
each variable by predicting the probability of being associated
with male or female AIS patients with hypertriglyceridemia.
For the analysis, each AIS patient with hypertriglyceridemia
irrespective of sex, was compared to determine the association
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with increased or reduced stroke severity based on baseline
characteristics and risk factors. In the multivariate analyses, we
assessed the influence of demographic and clinical risk factors
or comorbidities, and stroke severity on sex differences among
AIS with hypertriglyceridemia. Potential interactions between
risk factors, as well as stroke severity, were controlled by adding
interaction terms to the regression model.

We used the backward selection method because it allowed
for simultaneous consideration of all variables. This method
retained all variables in each regression model by an automatic
procedure particularly when risk factors interacted with one
another, to control for multicollinearity. Moreover, it facilitated
determining the level of importance of each predictor variable
by evaluating the effects once other predictor variables were
statistically eliminated.

In the binary regression model, the dependent variable was
stroke severity, stratified by an NIHSS score of < or >7,
while the independent variables comprised the demographic
and clinical risk factors. We analyzed, (i) male and female
AlIS-hypertriglyceridemia groups, (ii) male AIS- AIS-
hypertriglyceridemia female AIS-
hypertriglyceridemia groups were analyzed separately. Odds
ratios and 95% confidence intervals were calculated with a
P-value significance of P<<.05 to predict variables associated
with higher or lower stroke severity and thus, more, or less

group, and (iii)

favorable post-stroke outcomes.

To assess the fitness of the logistic regression model and
ensure the absence of collinearity and adequate sampling, we
utilized the Hosmer-Lemeshow goodness-of-fit statistic and
odds ratios (ORs). The outcome measures of odds ratios and
95% confidence intervals (95% CIs) were determined for each
model by considering a significance level of P<<.05.The sensi-
tivity, and accuracy of the logistic regression models were
determined by the overall correct classification percentage and
area under the Receiver Operating Curve (ROC). All statisti-
cal analyses were performed with Statistical Package for Social
Sciences version 29.0 for Windows (SPSS, Chicago, IL).

Results

A total of 765 patients with acute ischemic stroke (AIS) with
elevated triglyceride levels =200 were identified (Table 1). Of
this, 392 were males while 373 were females. In comparison to
females, male patients were more likely to be younger, and pre-
sent with coronary artery disease (CAD) or a history of myocar-
dial infarction. They were less likely to present with hypertension
and more likely to independently ambulate before admission.
Males presented with higher total cholesterol, diastolic blood
pressure, and lower HDL and LDL when compared to females.
Additionally, males were less likely to independently ambulate
after discharge.

Table 2 presents the clinical and demographic characteris-
tics associated with stroke severity for male and female patients
stratified by NIHSS scores. Males AIS patients with elevated
triglyceride levels =200 and NIHSS>7 were less likely to

have a family history of stroke or heart failure and less likely to
ambulate Independently on admission, and before stroke. They
were also less likely to receive IVIPA at the hospital and
antithrombic therapy by the end of the hospital stay. Males
were more likely to present with a history of elevated heart rate,
a higher estimated mortality rate for ischemic stroke, and were
less likely to ambulate Independently. On the other hand,
females with AIS and elevated triglyceride levels=200 and
NIHSS > 7 were more likely to present with atrial fibrillation
or ambulate independently on admission, or before stroke.
They were also less likely to receive IVTPA initiated at the
hospital, and antithrombic therapy by the end of hospital stay.
They were more likely to present with elevated blood glucose
levels, and an increased heart rate as well as a higher estimated
mortality rate for ischemic stroke. Similar to males, females
were less likely to ambulate on their own after discharge.

For the adjusted analysis of the entire AIS population with
elevated triglycerides or hypertriglyceridemia( Figure 1), CAD
(2.473, 95% CI, 1.592-3.841, P<<.001) and diastolic blood
pressure (OR=1.031, 95% CI, 1.019-1.043, P<<.001) were
associated with males, while age (OR=0.976, 95% CI, 0.960-
0.992, P=.003), inability to ambulate independently before
stroke (OR=0.58, 95% CI, 0.007-0.476, P=.008), rtPA
received outside the hospital (OR=0.501, 95% CI, 0.253-
0.993, P=.048), HDL (OR=0.949, 95% CI, 0.930-0.969,
P=.048), /BMI (OR=0.971, 95% CI, 0.943-1.000, P=.047),
and increased heart rate (OR=0.980, 95% CI, 0.968-0.993,
P=.002) were associated with females. The logistic regression
model demonstrated strong predictive power. The AUROC is
0.771 (95% CI,0.687-0.913, P<.001).

For the adjusted analysis for male ischemic stroke patients
with a triglyceride level above 200 mg/dl and NIHSS <7 or
NIHSS >7( Figure 2), systolic blood pressure (OR=0.943,
95% CI, 0.908-0.978, P=.002), was associated with reduced
stroke severity, while diastolic blood pressure (OR =1.100, 95%
CI,1.034-1.171, P=.002), and ischemic stroke mortality
(OR=6.474,95% CI,3.262-12.847, P<.001) were associated
with stroke severity. The model demonstrated a strong predic-
tive power, and the AUROC is 0.752 (95% CI, 0.678-0.845,
P<.001). For female patients (Figure 3), age (OR=0.920,95%
CI, 0.866-0.978, P=.008), was associated with reduced stroke
severity, IVtPA initiated in the hospital (OR=4.541, 95% CI,
0.893-23.091, P=.06), and increased ischemic stroke mortality
risk score (OR =37.477,95% CI,9.636-14.756, P<<.001), were
associated with increased severity. The regression model was
strong and the AUROC is 0.760 (95% CI, 0.701-0.8021,
P<.001).

Discussion

While hypertriglyceridemia has been reported to be associated
with an increased risk of ischemic stroke in both male and
female patients,” the relationship between hypertriglyceri-
demia, stroke severity, and specific risk factors that contribute
to sex differences in ischemic stroke is not very clear. We



4 Neuroscience Insights

Table 1. Clinical characteristics of male and female acute ischemic stroke patients with triglyceride level = 200.

CHARACTERISTICS MALE ISCHEMIC STROKE PATIENTS WITH FEMALE ISCHEMIC STROKE PATIENTS P-VALUE
WITH A TRIGLYCERIDE LEVEL =200 (373)

A TRIGLYCERIDE LEVEL =200 (392)

Age group: no. (%)

<50y 72 (18.4%) 63 (16.9%) <.001*%a
50-59 116 (29.6%) 75 (20.1%)

60-69 125 (31.9%) 111 (29.8%)

70-79 64 (16.3%) 80 (21.4%)

=80 15 (3.8%) 44 (11.8%)

Age mean +=SD 59.96 + 11.313 63.20 + 13.898 <.001*p
Race: no. (%)

White 347 (88.5%) 322 (86.3%) .331
Black 40 (10.2%) 42 (11.3%)

Other 5 (1.3%) 9 (2.4%)

BMI: mean = SD 30.8390 + 5.69176 31.5449 +7.86522 160
Medical history: no. (%)

Atrial Fib/Flutter 33 (8.4%) 36 (9.7%) .552
CAD/prior Ml 138 (35.2%) 86 (23.1%) <.001*a
Carotid stenosis 27 (6.9%) 26 (7.0%) .964
Diabetes mellitus 185 (47.2%) 199 (53.4%) .089
Dyslipidemia 215 (54.8%) 221 (59.2%) .219
Family history of stroke 42 (10.7%) 44 (11.8%) .636
HF 28 (7.1%) 40 (10.7%) .082
Hypertension 317 (80.9%) 324 (86.9%) .024*a
Obesity/overweight 232 (59.2%) 226 (60.6%) .692
Previous stroke 101 (25.8%) 97 (26.0%) .940
Previous TIA 33 (8.4%) 37 (9.9%) 472
PVD 30 (7.7%) 41 (11.0%) 12
Ambulatory status on admission: no. (%)

Ambulate independently 153 (39.0%) 103 (27.6%) .010*a
With assistance 114 (29.1%) 124 (33.2%)

Unable to ambulate 73 (18.6%) 85 (22.8%)

ND 52 (13.3%) 61 (16.4%)

Ambulatory status prior to stroke: no. (%)

Ambulate independently 379 (96.7%) 342 (91.7%) .008*2
With assistance 3(0.8%) 17 (4.6%)

Unable to ambulate 7 (1.8%) 10 (2.7%)

ND 3(0.8%) 4 (1.1%)

(Continued)
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Table 1. (Continued)

CHARACTERISTICS MALE ISCHEMIC STROKE PATIENTS WITH

A TRIGLYCERIDE LEVEL =200 (392)

FEMALE ISCHEMIC STROKE PATIENTS
WITH A TRIGLYCERIDE LEVEL =200 (373)

P-VALUE

Medication prior to admission: no. (%)
Antiplatelet 184.0 (46.9%)
Anticoagulant 12 (3.1%)
Antihypertensive 277 (70.7%)
Cholesterol-reducer 180 (45.9%)
Diabetic medication 154 (39.3%)
No medication 196 (50.0%)
IV thrombolytic therapy: no. (%)
IV t-Pa initiated at hospital 68 (17.3%)
IV t-Pa initiated outside of hospital 34 (8.7%)

Was antithrombic therapy initiated
by the end of hospital stay

316 (80.6%)

Lab values and vital signs: mean = SD

Cholesterol 202.09 +=53.203
HDL 32.67 £9.708

LDL 117.40 = 47145
Lipids 7489 £2.4214

Blood glucose 175.08 = 98.862

Serum creatinine 1.361 +1.0672

INR 1.0806 = 0.49595

Heart rate 80.22 = 16.406

Systolic blood pressure 154.47 +26.885

Diastolic blood pressure 86.85 + 16.475

Ischemic stroke mortality rate: mean = SD

Ischemic stroke estimated
mortality rate: mean = SD

3.255+4.8007

Ambulatory status at discharge: no. (%)
Ambulate Independently 180 (48.3%)
With Assistance 128 (34.3%)
Unable to Ambulate 55 (14.7%)
ND 0 (0.0%)
Missing 10 (2.7%)
aPearson chi-square test.

bT-Test.
*P-value < .05.

164 (44.0%)
13 (3.0%)
285 (76.4%)
173 (46.4%)
170 (45.6%)

177 (47.5%)

65 (17.4%)
46 (12.3%)

307 (82.3%)

215.64 = 61.815
37.94+9.939
125.53 £49.697
7.431+2.4570
177.98 £107.413
1.441+1.9744
1.0417 = 0.18951
82.42+16.276
152.45 + 28.061

79.86 = 18.367

3.459 £ 4.6969

229 (58.4%)

108 (27.6%)

42 (10.7%)
1 (0.3%)

12 (3.1%)

.698

.072
.898
.078

.481

977
.226

.892

.001*b

<.001*P

.024

746

.699

492

215

.064

310

<.001*p

.640

.040%2
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Table 2. Clinical characteristics of male and female acute ischemic stroke patients with Triglyceride level =200 stratified by NIHSS >7 or NIHSS<7.

CHARACTERISTIC/
NUMBER OF PATIENTS

Age group: no. (%)
<50y

50-59

60-69

70-79

=80

Age mean = SD
Race: no. (%)
White

Black

Other

BMI: mean = SD
Medical history: no. (%)
Atrial Fib/Flutter
CAD/Prior Ml

Carotid stenosis
Diabetes mellitus
Dyslipidemia

Family history of stroke
HF

Hypertension
Obesity/overweight
Previous stroke
Previous TIA

PVD

MALE ISCHEMIC STROKE PATIENTS
WITH A TRIGLYCERIDE LEVEL =200

NIHSS <7

53 (18.8%)
81 (28.7%)
86 (30.5%)
52 (18.4%)
10 (3.5%)

60.11 +11.427

253 (89.7%)
27 (9.6%)
2 (0.7%)

30.8857 +5.58081

23 (8.2%)
102 (36.2%)
20 (7.1%)
142 (50.4%)
163 (57.8%)
37 (13.2%)
15 (5.3%)
224 (79.4%)
172 (61.0%)
75 (26.6%)
23 (8.2%)
22 (7.8%)

Ambulatory status on admission: no. (%)

Ambulate independently

With assistance
Unable to ambulate

ND

142 (50.4%)
94 (33.3%)
10 (3.5%)
36 (12.8%)

Ambulatory status prior to stroke: no. (%)

Ambulate independently

With assistance
Unable to ambulate

ND

275 (97.5%)
3 (1.1%)
4 (1.4%)
0 (0.0%)

NIHSS >7

14 (15.2%)

30 (32.6%)

34 (37.0%)
9 (9.8%)
5 (5.4%)

60.04 +=10.900

78 (84.8%)
11 (12.0%)
3(3.2%)

30.6504 +5.97444

10 (10.9%)
30 (32.6%)
6 (6.5%)
40 (43.5%)
43 (46.7%)
5 (5.4%)
13 (14.1%)
77 (83.7%)
53 (57.6%)
23 (25.0%)
9 (9.8%)
8 (8.7%)

6 (6.5%)
17 (18.5%)
57 (62.0%)
12 (13.0%)

88 (95.7%)
0 (0.0%)
3 (3.3%)
1 (1.1%)

P-VALUE

.235

.959

.064

.733

.426
.5635
.852
.252
.064
.043*2
.005*2
.370
.565
.762
.628
.784

<.001*a

149

FEMALE ISCHEMIC STROKE PATIENTS
WITH A TRIGLYCERIDE LEVEL =200

NIHSS <7

43 (17.2%)
54 (21.6%)
73 (29.2%)
55 (22.0%)
25 (10.0%)

62.48 + 13.743

221 (88.4%)
24 (9.6%)
5 (2.0%)

31.5611 = 8.12342

20 (8.0%)
60 (24.0%)
16 (6.4%)
131 (52.4%)
150 (60.0%)
34 (13.6%)
25 (10.0%)
216 (86.4%)
158 (63.2%)
68 (27.2%)
27 (10.8%)
26 (10.4%)

91 (36.4%)
92 (36.8%)
16 (6.4%)

51 (20.4%)

237 (94.8%)
10 (4.0%)
2 (0.8%)
1 (0.4%)

NIHSS >7

18 (17.0%)
16 (15.1%)
31 (29.2%)
23 (21.7%)
18 (17.0%)

65.30 + 14.590

88 (83.0%)
14 (13.2%)
4 (3.8%)

31.3333 =7.58820

16 (15.1%)
23 (21.7%)
8 (7.5%)
57 (53.8%)
59 (55.7%)
9 (8.5%)
12 (11.3%)

92 (86.8)
64 (60.4%)
24 (22.6%)
8 (7.5%)
13 (12.3%)

8 (7.5%)
24 (22.6%)
65 (61.3%)

9 (8.5%)

89 (84.0%)
7 (6.6%)
7 (6.6%)
3(2.8%)

P-VALUE

.330

.083

.068

.806

.042*a
.639
.693
.812
447
176
.709
.921
.615
.369
.346
.607

<.001*a

.001*a

(Continued)
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Table 2. (Continued)

CHARACTERISTIC/
NUMBER OF PATIENTS

MALE ISCHEMIC STROKE PATIENTS
WITH A TRIGLYCERIDE LEVEL =200

P-VALUE FEMALE ISCHEMIC STROKE PATIENTS

WITH A TRIGLYCERIDE LEVEL =200

P-VALUE

NIHSS <7

NIHSS >7 NIHSS <7 NIHSS >7

Medication prior to admission: no. (%)

Antiplatelet 130 (46.1%) 42 (45.7%) .997 108 (43.2%) 47 (44.3%) 513
Anticoagulant 9 (3.2%) 3 (3.3%) 11 (4.4%) 2 (1.9%)

Antihypertensive 197 (69.9%) 69 (75.0%) .345 189 (75.6%) 85 (80.2%) .347
Cholesterol-reducer 137 (48.6%) 37 (40.2%) 163 117 (46.8%) 50 (47.2% .949
Diabetic medication 119 (42.2%) 32 (34.8%) .208 115 (46.0%) 47 (44.3% 774
No medication 139 (49.3%) 45 (48.9%) .950 119 (47.6%) 49 (46.2% 812

IV thrombolytic therapy: no. (%)

IV t-Pa initiated at hospital 40 (14.2%) 28 (30.4%) <.001*a 33 (13.2%) 32 (30.2%) <.001*a
IV t-Pa initiated outside of 20 (7.1%) 13 (14.1%) 116 29 (11.6%) 16 (15.1%) 650
hospital

Was antithrombic therapy 242 (85.8%) 60 (65.2%) <.001*a 221 (88.4%) 74 (69.8%) <.001*a
initiated by the end of

hospital stay

Lab values and vital signs: mean = SD

Cholesterol 200.73 +52.658 208.68 +53.779 212 215.46 + 62.150 212.38 = 59.151 664
HDL 32.83+8.662 32.50+12.278 arr 38.15+10.109 37.28 +9.297 450
LDL 115.96 = 45.413 124.07 = 50.396 155 124.81 + 46.192 125.85 + 54.392 -865
Lipids 7.548 +2.3184 7.313+2.5513 421 7197 +2.1684 7.747 +2.7945 075
Blood glucose 177.03+94.525 176.35 + 116.151 -955 166.55 = 92.678 194.63 + 117.749 032%P
Serum creatinine 1.339+1.0019 1.435+1.3078 463 1.383+2.0751 1.546 +1.8473 489
INR 1.0932+0.57540  1.0461 +0.19490 484 1.0391+0.20827  1.0523 = 0.15311 -598
Heart rate 79.03 +16.443 83.62 + 15.851 02070 80.90 + 15.318 85.75 = 17.104 .009°
Systolic blood pressure 156.07 + 25.921 152.58 + 27.640 270 151.74 + 27.517 151.73 +29.037 -996
Diastolic blood pressure 86.25 + 16.462 89.21 + 16.049 133 79.56 + 17.384 78.92+19.175 761
Ischemic stroke mortality rate: mean = SD

Ischemic stroke estimated 1.543 + 0.8701 8.483 +7.6369 <.001*b 1.576 +0.7823 8.251 = 6.9171 <.001*b
mortality rate: mean = SD

Ambulatory status at discharge: no. (%)

Ambulate independently 196 (69.5%) 23 (26.0%) <.001*a 148 (59.2%) 26 (24.5%) <.001*a

With assistance 67 (23.8%)

37 (40.2%)

86 (34.4%)

35 (33.0%)

Unable to ambulate 15 (5.3%) 26 (28.3%) 15 (6.0%) 36 (34.0%)
ND 1 (0.4%) 0 (0.0%) 1 (0.4%) 9 (8.5%)
Missing 3 (1.1%) 6 (6.5%) 0 (0.0%) 0 (0.0%)

aPearson chi-square test.
bT-Test.
*P-value <.05.
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Demographic and clinical risk factors Odds Ratio (95% Cl)

Diastolic blood pressure p—t

Heart Rate

HDL

IVTPA received outside of hospital

Unable to Ambulate prior to stroke

Female Male

Figure 1. Forest plot representation of clinical and demographic factors
for male or female ischemic stroke patients in the whole stroke population
with elevated triglyceride levels =200 mg/dl. Odd ratio below 1 denotes
factors that are associated with females while odd ratio above 1 denotes
factors that are associated with males. *Indicates statistical significance
(P <.05) with a 95% confidence interval.

Demographic and clinical risk factors Odds Ratio (95% CI)

Ischemic stroke mortality D g—
Diastolic blood pressure jomme
Systolic blood pressure P—
001 01 1 10 100
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Figure 2. Forest plot representation of clinical and demographic factors
for male ischemic stroke patients with elevated triglyceride level =200
mg/dl. Odd ratio below 1 denotes factors that are associated with a
NIHSS score <7 while odd ratio above 1 denotes factors that are
associated with a NIHSS score > 7. *Indicates statistical significance
(P <.05) with a 95% confidence interval.

investigated this issue in the current study. In the entire stroke
population with hypertriglyceridemia, irrespective of stroke
severity, CAD and diastolic blood pressure were associated
with males, while age, inability to ambulate independently
before the onset of stroke, BMI, IVTPA treatment outside the
hospital, HDL, and elevated heart rate were associated with
temales. In the male ischemic stroke patients with hypertri-
glyceridemia, systolic blood pressure was associated with
reduced stroke severity, while diastolic blood pressure and
ischemic stroke were associated with increased stroke severity.
For females, age was associated with reduced stroke severity,
while increased ischemic stroke mortality risk score was associ-
ated with increased severity. The effect of diastolic blood

Demographic and clinical risk factors 0Odds Ratio (95% Cl)

Ischemic stroke mortality risk score p————

IVTPA initiated at Hospital

Age —

001 01 1 10 100 1000

NIHSS <=7 NIHSS >7

Figure 3. Forest Plot representation of clinical and demographic factors
for female ischemic stroke patients with elevated triglyceride
level=200mg/dl Odd ratio below 1 denotes factors that are associated
with an NIHSS score <7 while an odd ratio above 1 denotes factors that
are associated with a NIHSS score > 7. *Indicates statistical significance
(P <.05) with a 95% confidence interval.

pressure was significant and higher in males when compared
with females, but when stratified by stroke severity, diastolic
blood pressure was not significantly different in male and
female patients with increased or reduced stroke severity in the
univariate analysis.

In the adjusted analysis for the whole stroke population,
diastolic blood pressure was associated with male patients, and
this effect was sustained for male AIS with hypertriglyceri-
demia as well as with increased stroke severity. On the other
hand, systolic blood pressure was associated with reduced stroke
severity in male patients. High blood pressure also known as
hypertension is categorized into 2 levels according to the
American Heart Association guidelines, the first level is ele-
vated blood pressure (BP), characterized by systolic pressure
(SBP) ranging from 120 to 29mm Hg and diastolic pressure
(DBP) below 80mm Hg, The second level involves an SBP of
130 to 139 mm Hg and a DBP of 80 to 89 mm Hg.?? When
diagnosed, over 3-quarters of patients with AIS present with
elevated BP2 Among this group, half already have a history of
hypertension. Several studies strongly associate a DBP exceed-
ing 80mm Hg with hypertension.3® While clinical studies
revealed a connection between hypertension and an increased
risk of AIS, the link between BP upon admission for AIS and
the severity of the stroke remains a topic of debate.3132 More
importantly, in the context of this study, there are limited and
conflicting data on whether SBP or DBP at admission is a more
accurate predictor of stroke severity. While some studies have
shown that neither SBP nor DBP predicted stroke severity,*
others suggest that onlySBP** or DBP3%:3¢ was associated with
worse neurologic outcomes. Our current study indicates that
among male AIS patients with hypertriglyceridemia, higher
diastolic blood pressure was associated with increased stroke
severity, whereas higher systolic blood pressure was associated
with reduced stroke severity. In our study, the systolic BP for
males with increased stroke severity was 152.58 = 27.640 while
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the diastolic BP associated with reduced stroke severity was
86.25 = 16.462. We did not separately analyze risk factors con-
tributing to stroke severity in AIS patients with elevated systolic
86.25*+16.462mm Hg and those with elevated DBP
152.58 = 27.640mm Hg. Although the independent effect of
SYS and DBP on stroke severity can be estimated by adjusting
for differences in comorbid conditions,?” it is challenging to
reliably adjust for variations in stroke severities due to the effect
of SYS or DBP mainly because the severity associated with
individual risk factors is difficult to be analyzed quantitatively.
Moreover, it is difficult to adequately control the severity of
stroke associated with the specific effect of each risk factor.
Therefore, our results do not align with the possibility that
elevated systolic blood pressure as a risk factor results in less
severe outcomes than elevated DBP in AIS patients with
hypertriglyceridemia.’® Consequently, future studies should
investigate the relationship between diastolic and systolic BPs
in the acute phase of stroke as well as its association with stroke
severity and related sex differences. Additionally, these studies
should clarify how elevated DBP or systolic either alone or in
combination with other risk factors such as hypertriglyceri-
demia are associated with higher stroke severity in male AIS
patients with hypertriglyceridemia.

We observed that in female AIS patients with hypertri-
glyceridemia, age was associated with reduced stroke severity.
Many studies have investigated stroke severity in females. For
example, the International Stroke Trial study found higher
case fatality rates for females at 14 days and 6 months follow-
ing a stroke. However, when accounting for variations in age
and comorbidities between the sexes, the higher fatality in
females was negated at 6 months post-stroke.3” Baseline dis-
parities in age, comorbidities, severity, and pre-stroke disabil-
ity in male and female patients have been identified as
significant contributors to the increased mortality observed in
females.*0 Nevertheless, even with these factors considered,
females consistently show poorer functional outcomes after
stroke.*! Throughout most of the life span, males tend to have
a higher incidence of stroke than females. However, beyond
the age of 85years, the incidence of stroke is higher among
females. In our current study, we observed that female AIS
patients with an average age of 62.48 = 13.743 and higher
HDL of 38.15 = 10.109 compared with females with hyper-
triglyceridemia were more likely to present with reduced
stroke severity. High-density lipoproteins (HDL) are a type
of lipoproteins that carry cholesterol in the blood, and females
tend to present with a higher HDL level than males.*> While
some studies have reported that some lipid levels may not be
stable after stroke, high-density lipoprotein levels are more
stable after stroke than total cholesterol levels® and have a
protective effect for ischemic stroke among elderly patients.*3
Our data reveal that hypertriglyceridemic female AIS patients
of the average age of 62 years with higher HDL were associ-
ated with reduced stroke severity. Therefore, increased
HDL-C levels may contribute to reduced stroke severity

among hypertriglyceridemic female AIS patients in our cur-
rent study. Our data add to the evidence relating age, HDL,
and hypertriglyceridemia to stroke and support HDL as an
important modifiable stroke risk factor for future studies on
sex differences in stroke severity.

Female patients with IVTPA initiated at the hospital were
more likely to be associated with increased stroke severity.
IVTPA is a proven intervention for acute ischemic stroke
patients, with an evidence-based recommendation from the
American Heart Association/American Stroke Association
(AHA/ASA).#%% The benefit of IVTPA in acute ischemic
stroke is strongly time-dependent. The more aggressive use of
IVtPA in patients with relative contraindications, who were
severely symptomatic (NIHSS >10), with IVtPA, has been
investigated.* The value of IVtPA in such severely sympto-
matic patients with large vessel occlusion reveals good out-
comes.*# Findings indicate that the efficacy of IVtPA
treatment in patients with severe symptoms depends on the
presence of a major anterior circulation artery occlusion that is
detectable by CTA.#7 It is possible that our female patients
with severe stroke were treated with IVtPA due to major ante-
rior circulation occlusions. Our finding is supported by other
studies that in patients presenting with severe stroke symptoms
caused by major anterior circulation artery occlusions, IVtPA
improves outcomes.*7-*

We observed that ischemic stroke mortality was associated
with increased stroke severity in both male and female patients
with hypertriglyceridemia. Several risk factors are known to
increase mid and long-term mortality of ischemic stroke
patients. For example, age, pre-stroke functional status (mRS
score > 0), stroke severity (NIHSS), diabetes mellitus, prior
heart disease, posterior circulation stroke syndrome (compared
with anterior circulation stroke syndromes), and nonlacunar
stroke have all been reported to contribute to increased ischemic
stroke mortality. Furthermore, there are variations in mortality
prediction factors between males and females.>! For example, a
systematic review of 98 studies revealed that stroke severity and
mortality were higher in females compared to males.> Our
finding is supported by another study,*® that identified stroke
severity (measured by the NIH scores) as the primary inde-
pendent factor linked to in-hospital mortality among ischemic
stroke patients. Our data also add to the evidence that hyper-
triglyceridemia which contributes to AIS risk and higher stroke
severity could contribute to sex differences in ischemic stroke
mortality.

Conclusion

A significant number of studies have investigated the relation-
ship between hypertriglyceridemia and ischemic stroke.>>*
Findings reveal an increased risk of ischemic stroke in both
male and female patients. In this study, we investigated the role
of hypertriglyceridemia as an important risk factor in stroke
severity that could contribute to understanding sex differences
in ischemic stroke with varying levels of stroke severity. In our
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results, we found that, among male AIS with hypertriglyceri-
demia, diastolic blood pressure was associated with increased
stroke severity, whereas systolic blood pressure was associated
with reduced stroke severity. In addition, age was associated
with reduced stroke severity in female patients. Ischemic stroke
mortality risk score was associated with severity in both male
and female AIS patients with hypertriglyceridemia. These
findings reveal sex differences and suggest the need to develop
management strategies targeting male and female AIS patients
with increased severity to enhance their eligibility for rtPA
therapy. Further prospective research is needed to evaluate the
specific role that TGs play in stroke severity and sex differences
in patients with stroke, which may be important for clinical
care and secondary prevention of stroke.

Limitations

This study has strengths as well as multiple limitations. We
used data from a hospital-based stroke database and the use of
multivariate statistical analyses provided important results.
Hence, a major strength of our study is the utilization of pro-
spectively collected data in a large stroke center from consecu-
tively admitted ischemic stroke patients that closely resemble
real-world clinical practices within a controlled stroke unit sys-
tem. This unit was led by experienced stroke neurologists, and
this improves the consistency of clinical evaluations and pro-
motes sample homogeneity among acute ischemic stroke
patients. Nevertheless, the results of our study may not be
broadly applicable to the general population of ischemic stroke
patients given our focus only on patients who were admitted to
a dedicated acute stroke unit, patients with notably poor clini-
cal baseline status or multimorbidity might have been previ-
ously admitted to a general or palliative care ward rendering
our findings less generalized. The stroke unit setting allows a
rapid and comprehensive stroke work-up and makes the vari-
ables used easily available, which may not be the case in other
settings. On the other hand, stroke unit treatment is regarded
as the gold standard of acute stroke care and has been consist-
ently associated with lower mortality rates, irrespective of the
patient’s age or clinical characteristics.”*7 In this context, our
study has additional value given that access to organized stroke
unit care will hopefully become more widely available shortly.
Likewise analyzed patients cannot be considered as fully repre-
sentative of stroke patients overall but constitute those patients
that were felt to still benefit from stroke unit treatment.

In this study, we used fasting triglycerides levels which may
be a more sensitive screening tool than non-fasting triglycerides
for detecting disease risk or severity Combing with data from
non-fasting triglycerides in future studies will provide a com-
parative analysis and a strong predictor of severity comparable
to fasting triglycerides and possible sex differences. Moreover,
we do not have data on disease status or treatment status for
hypertriglyceridemia and this is an important limitation.
However, despite this limitation, this study shows a sex-related
difference in specific risk factors that can be managed to

improve eligibility for thrombolytic therapy in ischemic stroke
patients with hypertriglyceridemia. This highlights sex dispari-
ties and possible lower-intensity hypertriglyceridemia manage-
ment among female patients. Greater mortality in male patients
has been reported®® and this study points to similarities among
males and females in increased stroke mortality for ALS patients
with hypertriglyceridemia.
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