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Abstract
Introduction: This study investigates gender differences 
among stroke patients treated in the telestroke network us-
ing specific risk factors that contribute to stroke severity. 
Methods: We examined gender differences in stroke sever-
ity among 454 patients hospitalized with acute ischemic 
stroke (AIS). The logistic regression model was used to pre-
dict clinical risk factors associated with stroke severity in men 
and women AIS patients. Results: In the adjusted analysis 
among women patients, increasing age (odds ratio [OR] = 
1.05, 95% CI: 1.017–1.085, p = 0.003) and higher heart rate 
(OR = 1.031, 95% CI: 1.005–1.058, p = 0.021) were associated 
with worsening neurological functions, while direct admis-
sion (OR = 0.191, 95% CI: 0.079–0.465, p < 0.001) was associ-
ated with improving neurologic functions. Among men, hy-
pertension (OR = 3.077, 95% CI: 1.060–8.931, p = 0.039) and 
higher international normalized ratio (INR) (OR = 21.959, 
95% CI: 1.489–323.912, p = 0.024) were associated with wors-
ening neurologic functions, while Caucasian (OR = 0.181, 

95% CI: 0.062–0.526, p = 0.002) and obesity (OR = 0.449, 95% 
CI: 0.203–0.99, p = 0.047) were associated with neurologic 
improvement. Conclusion: Increasing age and heart rate in 
women, hypertension and greater INR in men contribute to 
worsening neurologic functions. There is a need to develop 
strategies to improve the care of both men and women in 
the telestroke network. © 2022 The Author(s).

Published by S. Karger AG, Basel

Introduction

In an untreated control population, women ischemic 
stroke patients present with worse functional outcomes 
than men [1, 2], but when treated with a tissue plasmino-
gen activator (rtPA), no difference in outcomes was re-
ported [3]. Another study found that men are three times 
more likely to present with improved functional out-
comes with rtPA treatment than women [4]. In general, 
the observed gender differences have been attributed to 
several factors such as age [5, 6], comorbidity [7, 8], pre-
stroke functional status [9, 10], and stroke severity [7, 11].

While several studies have confirmed that women 
have increased severity of stroke compared to men [12–
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14], most of the existing studies on gender and stroke 
have been carried out in the non-telestroke setting [12, 13, 
15]. Whether the existing gender differences in stroke se-
verity can be replicated in the telestroke setting is yet to 
be investigated. Therefore, the relationship between 
telestroke technology, stroke severity, and specific risk 
factors that contribute to gender differences is not fully 
understood.

There is more difficulty for patients who live in rural 
or medically underserved communities to obtain the ap-
propriate care that matches current clinical practice rec-
ommendations [16]. While intensive stroke management 
is associated with improved care [17], many rural physi-
cians have limited access to the resources or technology 
to offer ongoing support to their patients [18]. Access to 
subspecialties such as stroke neurologist is also minimal 
in most rural communities, as is access to transportation 
to and from medical appointments [19]. Therefore, a ret-
rospective data analysis of specific factors that contribute 
to stroke severity and related gender differences in the 
telestroke network is an important step to identify co-
morbidities that can be managed to improve stroke care 
for men and women stroke patients in the telestroke net-
work.

Methods

Study Population
The Institutional Review Board of the PRISMA Health Institu-

tional Committee for Ethics approved this study (approval num-
ber: 00052571). We identified all patients ≥21 years of age treated 
in the telestroke network in January 2016 and June 2020 with a 
neurologist-confirmed diagnosis of AIS in the Neuro-Direct 
telestroke network. This telestroke has been described in previous 
studies [20, 21]. Briefly, the Neuro-Direct is the telestroke network 
at the Greenville Health System. It is the hub’s main telestroke net-
work, networking with 7 different spokes in the rural areas to pro-
vide acute stroke care to overcome the lack of expertise and re-
sources and includes prehospital and/or in-hospital services. The 
Greenville Health System is a tertiary referral center and serves as 
the hub for the telestroke network as it has a comprehensive stroke 
team. It is staffed 24 h per day, 7 days per week by vascular neu-
rologists and emergency department physicians experienced in 
acute stroke care.

Manual review of charts was carried out to extract variables 
from the Neuro-Direct registry to assess data points for stroke pa-
tients. Patients’ medical records were reviewed by trained abstrac-
tors to confirm the diagnosis of AIS. For each case, trained abstrac-
tors used standardized forms to record data on patient demo-
graphics, medical history, and medications using patient charts or 
electronic medical records. The race or ethnicity was categorized 
as Caucasian, Black, Hispanic, or others. Data on patients that 
present within 24 h of symptom onset of an AIS based on relevant 
brain MRI or CT lesions were included in the analyses. Specific 

examples of these lesions include early signs of ischemia (loss of 
gray/white matter distinction, hypodensity, or sulcal swelling) or 
middle cerebral artery hyperdensity. The registry has been de-
scribed in previous studies [22, 23]. We collected data-specific 
characteristics including atrial fibrillation/atrial flutter, coronary 
artery disease, carotid stenosis, depression, diabetes, drug or alco-
hol use, dyslipidemia, family history of stroke, congestive heart 
failure, hypertension, migraine, obesity, prior stroke, prior TIA, 
prosthetic heart valve, peripheral vascular disease, chronic renal 
disease, sleep apnea, and history of smoking. In addition, we col-
lected demographic variables including age, race, gender, ethnic-
ity, BMI, and baseline National Institutes of Health Stroke Scale 
(NIHSS) score. Data on the degree of stroke severity according to 
the NIHSS score were collected on admission before thrombolysis. 
We used the initial or baseline NIHSS scores taken during admis-
sion to analyze stroke severity in male and female patients treated 
in the telestroke. The baseline NIHSS score is reported to represent 
an important predictor of initial severity before treatment. Patients 
with an NIHSS score ≤7 at the time of admission are reported to 
be more likely to make positive neurologic progress, whereas AIS 
patients presenting with an NIHSS score >7 are more likely to ex-
perience worsening neurologic outcomes after a hemispheric 
stroke [8]. Moreover, findings from existing studies [10, 24, 25] 
reveal that there is a strong predictive value of early NIHSS scores, 
which will improve early identification of neurologic functional 
deficits in hemispheric stroke patients, both in non-telestroke and 
telestroke settings.

Patients’ ambulatory data were recorded as undocumented (0), 
patients not able to ambulate (1), able to ambulate with assistance 
(2), and able to ambulate independently (3). These data were 
tracked and collected on admission, during admission, and after 
discharge. Improvement in functional outcome was calculated by 
taking their ambulation score at discharge and subtracting their 
ambulation score on admission. This method of scoring has been 
described in a previous study [26].

Statistical Analysis
Analysis of differences in the frequency of categorical variables 

was determined using the χ2 test, while Student’s t test was used to 
evaluate continuous variables. We determined different demo-
graphic and risk factors associated with an NIHSS >7 or an NIHSS 
≤7 dependent on gender. The binary logistic multivariate analyses 
were used to determine independent predictors of worsening neu-
rologic function (NIHSS >7) or improving neurologic function 
(NIHSS ≤7). We performed a post hoc-adjusted analysis (logistic 
regression) using the backward selection method to determine de-
mographic and clinical risk factors associated with worsening or 
improving neurologic function. This approach allowed all the vari-
ables that we chose, approaching significance, to be initially in-
cluded in the model. Odds ratios (ORs) were used to predict the 
odds of worsening or improving neurologic function for men or 
women based on specific demographics and risk factors.

Stroke severity was based on NIHSS score stratification and the 
dependent variable in the regression model. The demographic and 
risk factors for men and women were included as the primary in-
dependent variables in the regression model. The odds of present-
ing with a worsening neurological function (NIHSS >7) or im-
proving ability (NIHSS ≤7) were analyzed separately for the men 
and women. Multicollinearity and interactions among indepen-
dent variables were determined using Hosmer-Lemeshow test. 
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Table 1. Demographic and clinical characteristics of an NIHSS score >7 and ≤7 in ischemic stroke patients in the telestroke stratified by 
gender

Characteristic Women p value Men p value

NIHSS ≤7 NIHSS >7 NIHSS ≤7 NIHSS >7

Patients, n 146 81 134 80
Age group, n (%)

<50 years 35 (24.0) 7 (8.6) <0.001*, a 17 (12.7) 11 (13.8) 0.305
50–59 years 19 (13.0) 10 (12.3) 32 (23.9) 20 (25.0)
60–69 years 43 (29.5) 18 (22.2) 40 (29.9) 19 (23.8)
70–79 years 32 (21.9) 19 (23.5) 35 (26.1) 17 (21.3)
≥80 years 17 (11.6) 27 (33.3) 10 (7.5) 13 (16.3)

Age, years, mean ± SD 61.59±15.32 70.91±14.7 <0.001*, b 63.25±11.86 64.22±14.09 0.603
Race, n (%)

Caucasian 120 (82.2) 64 (79.0) 0.275 120 (89.6) 56 (70.0) 0.001*, a

Black 24 (16.4) 13 (16.0) 11 (8.2) 19 (23.8)
Other 2 (1.4) 4 (4.9) 3 (2.2) 5 (6.3)

Hispanic ethnicity, n (%) 2 (1.4) 2 (2.5) 0.546 3 (2.2) 2 (2.5) 0.903
BMI, mean ± SD 29.94±7.1 28.8±8.17 0.276 29.65±5.84 29.87±7.9 0.818
Medical history, n (%)

Atrial fib 13 (8.9) 23 (28.4) <0.001*, a 7 (5.2) 7 (8.8) 0.313
Coronary artery disease 34 (23.3) 24 (29.6) 0.294 49 (36.6) 36 (45.0) 0.223
Carotid artery stenosis 5 (3.4) 3 (3.7) 0.913 8 (6.0) 5 (6.3) 0.934
Depression 22 (15.1) 14 (17.3) 0.662 16 (11.9) 9 (11.3) 0.879
Diabetes 56 (38.4) 27 (33.3) 0.452 52 (38.8) 36 (45.0) 0.373
Drugs or alcohol 3 (2.1) 2 (2.5) 0.839 5 (3.7) 6 (7.5) 0.227
Dyslipidemia 65 (44.5) 40 (49.5) 0.482 74 (55.2) 45 (56.3) 0.884
Stroke family history 19 (13.0) 12 (14.8) 0.705 12 (9.0) 7 (8.8) 0.959
Heart failure 11 (7.5) 13 (16.0) 0.046*, a 5 (3.7) 15 (18.8) <0.001*, a

Hypertension 101 (69.2) 69 (85.2) 0.008*, a 101 (75.4) 70 (87.5) 0.032*, a

Migraine 9 (6.2) 1 (1.2) 0.083 2 (1.5) 0 (0.0) 0.272
Obesity 80 (54.8) 38 (46.9) 0.255 72 (53.7) 32 (40.0) 0.052
Previous stroke 34 (23.3) 20 (24.7) 0.812 27 (20.1) 20 (25.0) 0.407
Previous TIA (>24 h) 13 (8.9) 11 (13.6) 0.272 15 (11.2) 7 (8.8) 0.569
Prosthetic heart valve 1 (0.7) 0 (0.0) 0.455 1 (0.7) 1 (1.3) 0.711
Peripheral vascular disease 7 (4.8) 9 (11.1) 0.075 8 (6.0) 6 (7.5) 0.661
Chronic renal disease 5 (3.4) 5 (6.2) 0.334 6 (4.5) 4 (5.0) 0.861
Sleep apnea 4 (2.7) 1 (1.2) 0.459 7 (5.2) 2 (2.5) 0.337
Smoker 40 (27.4) 13 (16.0) 0.053 44 (32.8) 29 (36.3) 0.610

Medication history, n (%)
HTN medication 89 (61.0) 63 (77.8) 0.010*, a 90 (67.2) 58 (72.5) 0.414
Cholesterol reducer 62 (42.5) 33 (40.7) 0.801 72 (53.7) 32 (40.0) 0.052
Diabetes medication 40 (27.4) 22 (27.2) 0.969 42 (31.3) 28 (35.0) 0.581
Antidepressant 24 (16.4) 15 (18.5) 0.691 15 (11.2) 6 (7.5) 0.379

Laboratory values, mean ± SD
Total cholesterol 177.58±46.27 173±43.24 0.481 159.44±40.26 165.05±43.3 0.344
Triglycerides 156.19±94.63 127.65±109.73 0.048*, b 141.49±74.52 144.35±113.02 0.825
HDL 42.22±12.26 45.71±12.81 0.053 35.97±10.77 37.36±10.41 0.361
LDL 107.5±38.2 103.75±32.78 0.473 99.58±35.2 102.78±37.73 0.537
Lipids 6.46±1.75 6.47±2 0.979 6.34±1.67 6.66±1.86 0.206
Blood glucose 140.66±81.54 153.51±89.42 0.285 130.12±55.81 143.16±84.18 0.180
Serum creatinine 1.02±1.02 0.94±0.35 0.531 1.15±0.42 1.3±1.08 0.239
INR 1.02±0.15 1.08±0.31 0.104 1.03±0.13 1.11±0.26 0.040*, b

Vital signs, mean±SD
Heart rate 78.43±13.36 85.23±18.7 0.002*, b 74.99±14.39 76.87±17.05 0.391
Blood pressure systolic 143.32±25.74 148.64±27.28 0.146 148.69±22.89 150.37±22.1 0.602
Blood pressure diastolic 77.23±16.55 79.37±17.73 0.364 83.66±16.15 80.95±15.5 0.232

Ambulation status prior to event, n (%)
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ORs at 95% confidence intervals (95% CIs) of outcome measures 
were considered, and the significance level was set at the probabil-
ity level of 0.05. The overall correct classification percentage and 
area under the receiver operating curve (ROC) were determined 
to analyze the logistic regression model’s sensitivity, specificity, 
and accuracy. We performed all statistical analyses using the Sta-
tistical Package for Social Sciences version 26.0 for Windows 
(SPSS, Chicago, IL, USA).

Results

A total of 454 AIS patients were identified in this study, 
and 233 patients were women while 221 patients were 
men. The demographic and risk factors of patients with 
improving or worsening neurological function stratified 
by gender are presented in Table  1. Women with an  
NIHSS score >7 were older (70.91 ± 14.7 vs. 61.59 ± 15.32) 
and presented with higher rates of atrial fibrillation (28.4 

Table 2. Risk factors that were associated with an NIHSS score >7 for the ischemic stroke population of women in 
the telestroke

Variables B value Wald OR 95% CI p value

lower upper

Increasing age 0.049 8.674 1.05 1.017 1.085 0.003*
Migraine −2.095 2.939 0.123 0.011 1.35 0.086
INR 1.452 2.346 4.271 0.666 27.38 0.126
Heart rate 0.031 5.293 1.031 1.005 1.058 0.021*
Direct admission −1.655 13.327 0.191 0.079 0.465 <0.001*

Backward stepwise model based on likelihood ratio was applied. Model assumptions were fulfilled. 
Multicollinearity and interactions among independent variables were checked, and no significant interactions were 
found. Hosmer-Lemeshow test (p = 0.428), Cox & Snell (R2 = 0.215). Asterisk indicates significance.

Characteristic Women p value Men p value

NIHSS ≤7 NIHSS >7 NIHSS ≤7 NIHSS >7

Ambulate independently 143 (97.9) 73 (90.1) 0.032*, a 132 (98.5) 74 (92.5) 0.092
Ambulate with assistance 0 (0.0) 3 (3.7) 1 (0.7) 1 (1.3)
Unable to ambulate 2 (1.4) 2 (2.5) 1 (0.7) 2 (2.5)
Not documented 1 (0.7) 3 (3.7) 0 (0.0) 3 (3.8)
Ambulation status on admission, n (%)
Ambulate independently 52 (35.6) 3 (3.7) <0.001*, a 53 (39.6) 6 (7.5) <0.001*, a

Ambulate with assistance 49 (33.6) 13 (16.0) 37 (27.6) 11 (13.8)
Unable to ambulate 10 (6.8) 51 (63.0) 3 (2.2) 43 (53.8)
Not documented 35 (24.0) 14 (17.3) 41 (30.6) 20 (25.0)
Ambulation status on discharge, n (%)

Ambulate independently 96 (65.8) 15 (18.5) <0.001*, a 103 (76.9) 22 (27.5) <0.001*, a

Ambulate with assistance 42 (28.8) 32 (39.5) 27 (20.1) 26 (32.5)
Unable to ambulate 7 (4.8) 23 (28.4) 2 (1.5) 20 (25.0)
Not documented 1 (0.7) 11 (13.6) 2 (1.5) 12 (15.0)

rtPA administration 97 (66.4) 56 (69.1) 0.678 93 (69.4) 58 (72.5) 0.631
First care received, n (%)

Emergency department 34 (23.6) 29 (35.8) 0.051 33 (24.6) 25 (31.6) 0.266
Direct admission 110 (76.4) 52 (64.2) 101 (75.4) 54 (68.4)

Improved ambulation, n (%) 63 (43.4) 40 (56.3) 0.075 62 (47.0) 36 (52.2) 0.483

* p value <0.05. a Pearson’s χ2 test. b Student’s t test.

Table 1 (continued)
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vs. 8.9%), heart failure (16.0 vs. 7.5%), hypertension (85.2 
vs. 69.2%), and use of hypertension medications (77.8 vs. 
61.0%). Moreover, women with worsening neurological 
functions presented with lower serum triglycerides 
(127.65 ± 109.73 mg/dL vs. 156.19 ± 94.63 mg/dL) but 
higher heart rate (85.23 ± 18.7 bpm vs. 78.43 ± 13.36 
bpm). This group differed significantly on ambulation 
status before the event, admission, and discharge. Men 
with an NIHSS score >7 were less likely to be white (70.0 
vs. 89.6%) and presented with higher rates of heart failure 
(18.8 vs. 3.7%), hypertension (87.5 vs. 75.4%), and higher 
international normalized ratio (INR) (1.11 ± 0.26 vs. 1.03 
± 0.13). This group differed significantly on ambulation 
status upon admission and discharge.

In the adjusted analysis for women patients, increasing 
age (OR = 1.05, 95% CI: 1.017–1.085, p = 0.003) and heart 
rate (OR = 1.031, 95% CI: 1.005–1.058, p = 0.021) were as-
sociated with worsening neurological functions, while di-
rect admission (OR = 0.191, 95% CI: 0.079–0.465, p < 0.001) 
was associated with improving neurologic functions (Ta-
ble 2). The ROC curve for the predictive power of the re-
gression model is presented in Figure 1. The discriminating 
capability of the model was strong, as shown by the ROC 
curve, with the area under the curve = 0.791 (95% CI: 0.718–
0.864, p < 0.001). For men (Table 3), hypertension (OR = 
3.077, 95% CI: 1.060–8.931, p = 0.039) and higher INR (OR 
= 21.959, 95% CI: 1.489–323.912,  p = 0.024) were associ-
ated with worsening neurologic functions. Caucasian men 
(OR = 0.181, 95% CI: 0.062–0.526, p = 0.002) with obesity 
(OR = 0.449, 95% CI: 0.203–0.99, p = 0.047) were more 
likely to be associated with neurologic improvement. As 
presented in Figure 2, the predictive power of the logistic 
regression was strong. The area under the curve is 0.755 
(95% CI: 0.673–0.837, p < 0.001).

Discussion

Three major findings arise from this study. First, we 
found that more women were treated in the telestroke 
compared with men. Second, in the adjusted analysis, in-

Table 3. Risk factors that were associated with an NIHSS score >7 for the ischemic stroke population of men in the 
telestroke

Variables B value Wald OR 95% CI p value

lower upper

Caucasian −1.709 9.857 0.181 0.062 0.526 0.002*
Hypertension 1.124 4.276 3.077 1.06 8.931 0.039*
Obesity −0.801 3.935 0.449 0.203 0.99 0.047*
Cholesterol reducer −0.751 3.242 0.472 0.208 1.069 0.072
INR 3.089 5.061 21.959 1.489 323.912 0.024*

Backward stepwise model based on likelihood ratio was applied. Model assumptions were fulfilled. 
Multicollinearity and interactions among independent variables were checked, and no significant interactions were 
found. Hosmer-Lemeshow test (p = 0.949), Cox & Snell (R2 = 0.200).  Asterisk indicates significance.

Fig. 1. ROC curve associated with prediction of an NIHSS >7 for 
AIS population of women in the telestroke. Higher area under the 
curve (AUC) values in ROC analysis indicate better discrimination 
of the score for the measured outcome. Classification table (overall 
correctly classified percentage = 73.8%) and area under the ROC 
curve (AUC = 0.791, 0.718–0.864) were applied to check model 
fitness.
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creasing age and heart rate were associated with worsen-
ing neurologic functions in women. Third and in con-
trast, hypertension and higher INR were associated with 
worsening neurologic functions in men. Our finding that 
increasing age was associated with worsening neurologi-
cal functions is supported by other finding in older pa-
tients, especially those >80, that present with a combined 
range of comorbidities, including carotid artery stenosis, 
hypertension, and previous stroke conditions [27]. There 
were more women stroke patients with ages >80 than 
men patients with ages >80 in our study. Existing studies 
[28, 29] support the finding that a stroke population age 
structure with more women older than 80 suffers more 
severity. The total number of strokes is higher, and the 
outcomes are worse among women. This is due to women 
typically living longer and stroke risk increasing with age 
[28–30]. In addition, women present with more severe 
neurologic impairments following a stroke and are less 
likely to receive acute stroke therapies and have worse 
functional outcomes after hospitalizations [31]. A signif-
icant benefit of the telestroke network is that it provides 
a high quality of acute stroke care, including diagnostic 

procedures, management of stroke comorbidities, and 
access to allied health assessments than in control hospi-
tals [32]. Therefore, identifying specific comorbidities 
that contribute to the initial stroke severity in men and 
women is necessary to help improve the efficiency of the 
telestroke network in the care of stroke patients. Addi-
tionally, this is necessary to determine specific risk factors 
that can be managed to eliminate disparities and improve 
stroke care for all patients, irrespective of gender. The 
current study assessed gender differences in stroke sever-
ity in the telestroke network using risk factors, and our 
results were consistent with previous studies in the non-
telestroke setting in that severity of stroke is greater in 
women >80 years old.

In general, gender differences regarding traditional 
stroke risk factors have been reported in previous studies 
within non-telestroke settings [2, 12, 33]. Findings reveal 
that hypertension, diabetes mellitus, atrial fibrillation, 
and high cholesterol level are important modifiable stroke 
risk factors, while smoking, alcohol consumption, and 
obesity are all important modifiable lifestyle risk factors 
[34]. Women are more likely to present with hyperten-
sion, diabetes mellitus, and obesity [12, 35]. In contrast, 
men are more likely to present with a history of heart dis-
ease, myocardial infarction, peripheral arterial disease, 
current smoking, and alcohol consumption [5, 6, 36, 37]. 
Our current study found that women presenting with AIS 
with increased heart rate treated in the telestroke network 
were associated with worsening neurologic functions. 
Additionally, AIS with hypertension and higher INR 
were associated with worsening neurologic functions.

We observed that direct admission was associated with 
improved neurologic functions in women, while Cauca-
sian patients and obesity were associated with improved 
neurologic functions in men. Our finding that Cauca-
sians and direct admission for treatment were associated 
with improving neurologic functions is consistent with 
other studies that show that Caucasian stroke patients 
[10] and direct admission [38] were associated with im-
proved functional outcomes. In addition, our finding of 
an association between obesity and improving neurolog-
ic functions is similar to other studies on ischemic stroke 
[39, 40], coronary artery disease, and congestive heart 
failure [41, 42]. However, this finding needs to be cau-
tiously interpreted, as we used a data analytical approach 
that does not allow the randomization of our data collec-
tion. Therefore, the need for well-designed randomized 
controlled trials analyzing the effects of weight reduction 
on stroke severity in men and women will be necessary 
for future studies.

Fig. 2. ROC curve associated with prediction of having an NIHSS 
>7 for AIS population of men in the telestroke. Higher area under 
the curve (AUC) values in ROC analysis indicate better discrimi-
nation of the score for the measured outcome. Classification table 
(overall correctly classified percentage = 73.2%) and area under the 
ROC curve (AUC = 0.755, 0.673–0.837) were applied to check 
model fitness.
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There are several limitations to this study. First, all our 
patients were from rural telestroke networks, and our 
data cannot represent all stroke patients. Second, we did 
not collect information regarding several important 
stroke conditions, including prestroke dependency, time 
from stroke onset to hospital admission, and post-treat-
ment NIHSS scores. Third, our stroke severity was based 
on initial NIHSS scores and neurologic functions. The 
timeline of NIHSS score assessment in acute stroke may 
be an important correlation of the outcome, and in this 
study, the measure was obtained within 24 h. Although 
this is common in data sets using administrative data, it 
limits generalizability. Nevertheless, the significance of 
the NIHSS score for stroke outcome models is well-rec-
ognized for assessing stroke severity [43]. Third, we did 
not collect data on cardioembolic stroke, large or small 
vessel stroke. Therefore, we could not determine whether 
women presented with more cardioembolic stroke or that 
men presented with a large or small vessel stroke in our 
sample.

Generally, women are more likely to present with co-
morbidities of atrial fibrillation [25] and hypertension 
[26], whereas men are more likely to present with conges-
tive heart disease and diabetes [27]. While existing studies 
[25–27] reveal evidence of a gender difference in stroke 
symptoms, past clinical history and comorbidities in the 
non-telestroke setting, how these may contribute to 
stroke severity and possible gender difference in the 
telestroke setting is not fully understood. A significant 
benefit of the telestroke network is that it provides a high 
quality of acute stroke care, including diagnostic proce-
dures, management of stroke comorbidities, and access to 
allied health assessments than in control hospitals. There-
fore, identifying specific comorbidities that contribute to 
the initial stroke severity in men and women is necessary 
to help improve the efficiency of the telestroke network 
in the care of stroke patients. Moreover, this is necessary 
to determine specific risk factors that can be managed to 
eliminate disparities and improve stroke care for all pa-
tients, irrespective of gender in the telestroke network. In 
our study, we observed that increasing age and heart rate 
in women, while hypertension and higher INR in men 
were associated with increased stroke severity in patients 
in the telestroke network. Our findings indicate a gender 
difference in stroke severity among AIS patients treated 
in the telestroke setting.

Conclusion

We observed significant gender differences in stroke 
severity, and older women with a higher heart rate are 
more likely to have a severe stroke. This finding explains 
why more women are reported to experience severe 
stroke outcomes. Gender is not an independent risk fac-
tor of stroke outcome but rather contributes to increased 
stroke severity in women. Therefore, elderly women AIS 
patients are a crucial population that should be assisted 
with managing their risk factors for better care in the 
telestroke network.

Acknowledgment

We thank the stroke unit of PRISMA Health-Upstate for help-
ing in the data collection.

Statement of Ethics

This is a retrospective data collection using de-identified data. 
This study was granted an exemption from requiring written in-
formed consent and was approved by the Institutional Review 
Board of PRISMA Health Institutional Committee for Ethics (ap-
proval number: 00052571).

Conflict of Interest Statement

The authors have no conflicts of interest to declare.

Funding Sources

Funding is not available for this study.

Author Contributions

Nicolas Poupore, Camron Edrissi, and Thomas I. Nathaniel 
designed the concept, experimental design, and data analysis, 
while Nicolas Poupore and Camron Edrissi did all data analysis 
and table development. Mareshah Sowah, Jonah Joffe, Donovan 
Lewis, Teanda Cunningham, Carolyn Breauna Sanders, Krista 
Knisely, and Chase Rathfoot critically revised the drafts, interpret-
ed the results, and read and approved the last version of the manu-
script.

Data Availability Statement

The retrospective datasets are available by request from the cor-
responding author of this paper.



Poupore et al.Cerebrovasc Dis Extra 2022;12:93–101100
DOI: 10.1159/000525099

References

  1	 Nagaraja N, Bhattacharya P, Mada F, Salo-
wich-Palm L, Hinton S, Millis S, et al. Gen-
der based differences in acute stroke care in 
Michigan hospitals. J Neurol Sci. 2012; 

314(1–2): 88–91.
  2	 Colello MJ, Ivey LE, Gainey J, Faulkner RV, 

Johnson A, Brechtel L, et al. Pharmacolog-
ical thrombolysis for acute ischemic stroke 
treatment:  gender differences in clinical 
risk factors. Adv Med Sci. 2018 Mar; 63(1): 

100–6.
  3	 Tafreshi GM, Raman R, Ernstrom K, Meyer 

BC, Hemmen TM. Gender differences in 
acute stroke treatment:  the University of 
California San Diego experience. Stroke. 
2010 Aug; 41(8): 1755–7.

  4	 Spaander FH, Zinkstok SM, Baharoglu IM, 
Gensicke H, Polymeris A, Traenka C, et al. 
Sex differences and functional outcome af-
ter intravenous thrombolysis. Stroke. 2017 
Mar; 48(3): 699–703.

  5	 Andersen KK, Andersen ZJ, Olsen TS. Age- 
and gender-specific prevalence of cardio-
vascular risk factors in 40,102 patients with 
first-ever ischemic stroke:  a Nationwide 
Danish Study. Stroke. 2010 Dec; 41(12): 

2768–74.
  6	 Awujoola A, Sodeke P, Olufeyisayo O, 

Mokikan M, Adeyemi E, Babalola G, et al. 
Clinical risk factors associated with ambu-
latory outcome in acute ischemic stroke pa-
tient smokers treated with thrombolytic 
therapy. Am J Med Sci. 2021 May; 362(4): 

363–74.
  7	 Nathaniel TI, Cochran T, Chaves J, Fulmer 

E, Sosa C, Yi S, et al. Co-morbid conditions 
in use of recombinant tissue plasminogen 
activator (rt-PA) for the treatment of acute 
ischaemic stroke. Brain Inj. 2016; 30(10): 

1261–5.
  8	 Nathaniel TI, Gainey J, Blum B, Montgom-

ery C, Ervin L, Madeline L. Clinical risk 
factors in thrombolysis therapy:  telestroke 
versus nontelestroke. J Stroke Cerebrovasc 
Dis. 2018 Sep; 27(9): 2524–33.

  9	 Gainey J, Brecthtel J, Blum B, Keels A, 
Madeline L, Lowther E, et al. Functional 
outcome measures of recombinant tissue 
plasminogen activator-treated stroke pa-
tients in the telestroke technology. J Exp 
Neurosci. 2018; 12: 1179069518793412.

10	 Poupore N, Okon M, Mackey T, Nathaniel 
TI. Pre-stroke factors (morbitities, diet, 
medication, demograhics) that affect the 
severity of a stroke. Thromb Update. 2021; 

5: 100073.
11	 Nathaniel IT, Gainey J, Blum B, Montgom-

ery C, Ervin L, Madeline L. Clinical risk 
factors in thrombolysis therapy:  telestroke 
versus nontelestroke. J Stroke Cerebrovasc 
Dis. 2018; 27(9): 2524–33.

12	 Fredwall M, Sternberg S, Blackhurst D, Lee 
A, Leacock R, Nathaniel TI. Gender differ-
ences in exclusion criteria for recombinant 
tissue-type plasminogen activator. J Stroke 
Cerebrovasc Dis. 2016 Nov; 25(11): 2569–
74.

13	 Blum B, Wormack L, Holtel M, Penwell A, 
Lari S, Walker B, et al. Gender and throm-
bolysis therapy in stroke patients with inci-
dence of dyslipidemia. BMC Womens 
Health. 2019 Jan; 19: 11.

14	 Branyan TE, Sohrabji F. Sex differences in 
stroke co-morbidities. Exp Neurol. 2020 
Oct; 332: 113384.

15	 Boehme AK, Siegler JE, Mullen MT, Al-
bright KC, Lyerly MJ, Monlezun DJ, et al. 
Racial and gender differences in stroke se-
verity, outcomes, and treatment in patients 
with acute ischemic stroke. J Stroke Cere-
brovasc Dis. 2014 Apr; 23(4): e255–61.

16	 Krishna S, Gillespie KN, McBride TM. Dia-
betes burden and access to preventive care 
in the rural United States. J Rural Health. 
2010; 26(1): 3–11.

17	 Aronson D, Edelman ER. Coronary artery 
disease and diabetes mellitus. Cardiol Clin. 
2014 Aug; 32(3): 439–55.

18	 Weisgrau S. Issues in rural health:  access, 
hospitals, and reform. Health Care Financ 
Rev. 1995; 17(1): 1–14.

19	 Gamm LD, Hutchison LL, Dabney BJ, 
Dorsey AM. Rural healthy people 2010:  a 
companion document to healthy people 
2010. College Station, TX:  The Texas A& M 
University System Health Science Center, 
Southwest Rural Health Research Center;  
2003.

20	 Poupore N, Strat D, Mackey T, Brown K, 
Snell A, Nathaniel IT. Thrombolytic thera-
py in ischemic stroke patients with a pre-
ceding transient ischemic attack (TIA) in a 
telestroke and non-telestroke setting. Neu-
rol Clin Neurosci. 2020; 8: 298–308.

21	 Brechtel L, Poupore N, Monroe M, Knisely 
K, Sanders C, Edrissi C, et al. Role of dys-
lipidemia in ischemic stroke patients treat-
ed in the telestroke network. Adv Med Sci. 
2021; 66(2): 254–61.

22	 Brecthel L, Gainey J, Penwell A, Nathaniel 
TI. Predictors of thrombolysis in the 
telestroke and non telestroke settings for 
hypertensive acute ischemic stroke pa-
tients. BMC Neurol. 2018 Dec; 18: 215.

23	 Nathaniel TI, Ubah C, Wormack L, Gainey 
J. The telestroke and thrombolysis therapy 
in diabetic stroke patients. Diabetol Metab 
Syndr. 2019 May; 11: 36.

24	 Poupore N, Strat D, Mackey T, Brown K, 
Snell A, Nathaniel TI. Cholesterol reducer 
and thrombolytic therapy in acute ischemic 
stroke patients. Lipids Health Dis. 2020 
May 6; 19(1): 84.

25	 Sanders CB, Knisely K, Edrissi C, Rathfoot 
C, Poupore N, Wormack L, et al. Obstruc-
tive sleep apnea and stroke severity:  impact 
of clinical risk factors. Brain Circ. 2021; 

7(2): 92–103.
26	 Lawson TR, Brown IE, Westerkam DL, 

Blackhurst DW, Sternberg S, Leacock R, et 
al. Tissue plasminogen activator (rt-PA) in 
acute ischemic stroke:  outcomes associated 
with ambulation. Restor Neurol Neurosci. 
2015; 33(3): 301–8.

27	 Benetos A, Strandberg M, Petrovic T. Re-
sponse by Benetos et al to letter regarding 
article, “Hypertension management in old-
er and frail older patients”. Circ Res. 2019 
Mar 29; 125(7): e3–60.

28	 Persky RW, Turtzo LC, McCullough LD. 
Stroke in women:  disparities and out-
comes. Curr Cardiol Rep. 2010 Jan; 12(1): 

6–13.
29	 Costello CA, Campbell BC, Perez de la Ossa 

N, Zheng TH, Sherwin JC, Weir L, et al. 
Age over 80 years is not associated with in-
creased hemorrhagic transformation after 
stroke thrombolysis. J Clin Neurosci. 2012; 

19: 360–3.
30	 Jacobs MM, Ellis C. Heterogeneity among 

women with stroke:  health, demographic 
and healthcare utilization differentials. 
BMC Womens Health. 2021; 21(1): 160.

31	 Eriksson M, Carlberg B, Eliasson M. The 
disparity in long-term survival after a first 
stroke in patients with and without diabe-
tes persists:  the Northern Sweden MONI-
CA study. Cerebrovasc Dis. 2012; 34(2): 

153–60.
32	 Bladin CF, Cadilhac DA. Effect of telestroke 

on emergent stroke care and stroke out-
comes. Stroke. 2014 Jun; 45(6): 1876–80.

33	 Blum B, Penwell A, Wormack L, Walker B, 
Lari S, Nathaniel TI. Gender and thrombol-
ysis therapy in acute ischemic stroke pa-
tients with incidence of obesity. Neurol Sci. 
2019 Sep; 40(9): 1829–39.

34	 Goldstein LB, Adams R, Alberts MJ, Appel 
LJ, Brass LM, Bushnell CD, et al. Primary 
prevention of ischemic stroke:  a guideline 
from the American Heart Association/
American Stroke Association Stroke Coun-
cil – cosponsored by the Atherosclerotic 
Peripheral Vascular Disease Interdisciplin-
ary working group;  Cardiovascular Nurs-
ing Council;  Clinical Cardiology Council;  
Nutrition, Physical Activity, and Metabo-
lism Council;  and the Quality of Care and 
Outcomes Research Interdisciplinary 
Working Group:  The American Academy 
of Neurology affirms the value of this 
guideline. Stroke. 2006; 37(6): 1583–633.

https://www.karger.com/Article/FullText/525099?ref=1#ref1
https://www.karger.com/Article/FullText/525099?ref=2#ref2
https://www.karger.com/Article/FullText/525099?ref=3#ref3
https://www.karger.com/Article/FullText/525099?ref=4#ref4
https://www.karger.com/Article/FullText/525099?ref=5#ref5
https://www.karger.com/Article/FullText/525099?ref=6#ref6
https://www.karger.com/Article/FullText/525099?ref=7#ref7
https://www.karger.com/Article/FullText/525099?ref=8#ref8
https://www.karger.com/Article/FullText/525099?ref=8#ref8
https://www.karger.com/Article/FullText/525099?ref=9#ref9
https://www.karger.com/Article/FullText/525099?ref=9#ref9
https://www.karger.com/Article/FullText/525099?ref=10#ref10
https://www.karger.com/Article/FullText/525099?ref=11#ref11
https://www.karger.com/Article/FullText/525099?ref=11#ref11
https://www.karger.com/Article/FullText/525099?ref=12#ref12
https://www.karger.com/Article/FullText/525099?ref=12#ref12
https://www.karger.com/Article/FullText/525099?ref=13#ref13
https://www.karger.com/Article/FullText/525099?ref=13#ref13
https://www.karger.com/Article/FullText/525099?ref=14#ref14
https://www.karger.com/Article/FullText/525099?ref=15#ref15
https://www.karger.com/Article/FullText/525099?ref=15#ref15
https://www.karger.com/Article/FullText/525099?ref=16#ref16
https://www.karger.com/Article/FullText/525099?ref=17#ref17
https://www.karger.com/Article/FullText/525099?ref=18#ref18
https://www.karger.com/Article/FullText/525099?ref=18#ref18
https://www.karger.com/Article/FullText/525099?ref=19#ref19
https://www.karger.com/Article/FullText/525099?ref=19#ref19
https://www.karger.com/Article/FullText/525099?ref=19#ref19
https://www.karger.com/Article/FullText/525099?ref=20#ref20
https://www.karger.com/Article/FullText/525099?ref=20#ref20
https://www.karger.com/Article/FullText/525099?ref=21#ref21
https://www.karger.com/Article/FullText/525099?ref=22#ref22
https://www.karger.com/Article/FullText/525099?ref=23#ref23
https://www.karger.com/Article/FullText/525099?ref=23#ref23
https://www.karger.com/Article/FullText/525099?ref=24#ref24
https://www.karger.com/Article/FullText/525099?ref=25#ref25
https://www.karger.com/Article/FullText/525099?ref=26#ref26
https://www.karger.com/Article/FullText/525099?ref=27#ref27
https://www.karger.com/Article/FullText/525099?ref=28#ref28
https://www.karger.com/Article/FullText/525099?ref=29#ref29
https://www.karger.com/Article/FullText/525099?ref=30#ref30
https://www.karger.com/Article/FullText/525099?ref=31#ref31
https://www.karger.com/Article/FullText/525099?ref=32#ref32
https://www.karger.com/Article/FullText/525099?ref=33#ref33
https://www.karger.com/Article/FullText/525099?ref=34#ref34


Stroke Severity among Men and Women 
in the Telestroke Network

101Cerebrovasc Dis Extra 2022;12:93–101
DOI: 10.1159/000525099

35	 Wapshott T, Blum B, Kelsey K, Nathaniel 
IT. Investigation of gender differences and 
exclusive criteria in a diabetic acute ische-
mic stroke population treated with recom-
binant tissue-type plasminogen activator 
(rtPA). J Vasc Interv Neurol. 2017; 9(3): 26–
32.

36	 Fazzone B, Morris G, Black LA, Williams 
JA, Leacock R, Sternberg S, et al. Exclusion 
and inclusion criteria for thrombolytic 
therapy in an ischemic stroke population. J 
Neurol Disord Strok. 2016; 4(2): 1112.

37	 Brechtel L, Poupore N, Stoikov T, Roley LT, 
Emerson JF, Nathaniel T. Comorbidities 
associated with different levels of total cho-
lesterol in male and female acute ischemic 
stroke patients. Medicine. 2020 Dec; 99(52): 

e23870.

38	 Kunz A, Ebinger M, Geisler F, Rozanski M, 
Waldschmidt C, Weber JE, et al. Function-
al outcomes of pre-hospital thrombolysis 
in a mobile stroke treatment unit compared 
with conventional care:  an observational 
registry study. Lancet Neurol. 2016 Sep; 

15(10): 1035–43.
39	 Sarikaya H, Elmas F, Arnold M, Georgiadis 

D, Baumgartner RW. Impact of obesity on 
stroke outcome after intravenous throm-
bolysis. Stroke. 2011 Aug; 42(8): 2330–2.

40	 Liu ZL, Sanossian N, Starkman S, Avila-
Rinek G, Eckstein M, Sharma LK, et al. Ad-
iposity and outcome after ischemic stroke. 
Stroke. 2021 Jan; 52(1): 144–51.

41	 Oreopoulos A, Padwal R, Kalantar-Zadeh 
K, Fonarow GC, Norris CM, McAlister FA. 
Body mass index and mortality in heart 
failure:  a meta-analysis. Am Heart J. 2008 
Jul; 156(1): 13–22.

42	 Zhang JF, Begley A, Jackson R, Harrison M, 
Pellicori P, Clark AL, et al. Body mass index 
and all-cause mortality in heart failure pa-
tients with normal and reduced ventricular 
ejection fraction:  a dose-response meta-
analysis. Clin Res Cardiol. 2019 Feb; 108(2): 

119–32.
43	 Banks JL, Marotta CA. Outcomes validity 

and reliability of the modified Rankin scale:  
implications for stroke clinical trials:  a lit-
erature review and synthesis. Stroke. 2007; 

38(3): 1091–6.

https://www.karger.com/Article/FullText/525099?ref=35#ref35
https://www.karger.com/Article/FullText/525099?ref=36#ref36
https://www.karger.com/Article/FullText/525099?ref=36#ref36
https://www.karger.com/Article/FullText/525099?ref=37#ref37
https://www.karger.com/Article/FullText/525099?ref=38#ref38
https://www.karger.com/Article/FullText/525099?ref=39#ref39
https://www.karger.com/Article/FullText/525099?ref=40#ref40
https://www.karger.com/Article/FullText/525099?ref=41#ref41
https://www.karger.com/Article/FullText/525099?ref=42#ref42
https://www.karger.com/Article/FullText/525099?ref=43#ref43

	StartZeile
	Zwischenlinie
	startTableBody
	StartZeile
	startTableBody
	StartZeile
	Zwischenlinie
	startTableBody

