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Sex differences in clinical risk factors in obese @
ischemic stroke patients with a history
of smoking

Dami T. Ojo’, Philip C. Brewer', Adebobola Imeh-Nathaniel?, Samuel Imeh-Nathaniel?, Philip X. Broughton' and
Thomas |. Nathaniel"”

Abstract Clinical risk factors associated obesity and smoking, as well as their combined effect, are not fully
understood. This study aims to determine sex differences in risk factors in a population of acute ischemic stroke (AlS)
patients who are obese and with a history of previous or current smoking.

Methods A retrospective analysis of risk factors in male and female AlS patients with baseline data of obesity and
current or previous history of smoking, smoking, and obesity alone was determined. The primary predictor and
outcome are risk factors associated with male and female AlS patients. Baseline risk factors were analyzed using a
multivariate regression analysis to determine specific risk factors linked with the combined effect of obesity and
current or previous history of smoking”.

Results Male obese AlS patients who are current or previous smokers were more likely to be older
patients(OR=1.024, 95% Cl, 1.022-1.047, P=0.033) that present with coronary artery disease (OR=1.806, 95% (|,
1.028-3.174, P=0.040), a history of alcohol use (OR=2.873, 95% Cl, 1.349-6.166, P=0.006), elevated serum creatinine
(OR=4.724,95% Cl, 2.171-10.281, P<0.001) and systolic blood pressure (OR=1.029, 95% Cl, 1.011-1.047, P<0.002).
Females were more associated with depression (OR=0.432, 95% Cl, 0.244-0.764, P=0.004), previous TIA (OR=0.319,
95% (I, 0.142-0.714, P<0.005), and higher levels of HDL (OR=0.938, 95% Cl, 0.915-0.962, P < 0.001).

Conclusion Our results reveal sex differences in risk factors in obese AlS patients with a current or past history of

smoking. This finding emphasizes the need to develop management strategies to improve the care of obese AIS
patients who are either current or former smokers.
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Introduction

Despite substantial progress in research focusing on sex
differences in comorbidities influencing outcomes in
male and female post-stroke patients who smoke [1-3],
there are still major research gaps in stroke risk factors
specific for male and female smokers and obese individu-
als. While several studies have shown that smoking is not
associated with an increase in body weight [4], smok-
ing is known to be associated with central obesity [5, 6].
Interestingly, only males that are former smokers were
reported to be at risk of central obesity [5]. Obesity and
smoking have each been linked to cerebrovascular dis-
eases including stroke [7, 8]. In addition, obese individu-
als who are smokers present with a risk of circulatory and
cerebrovascular diseases with increased mortality by 7-
to 10-fold for smokers compared to normal-weight and
non-smokers [9]. Both smoking and obesity have been
linked to increased incidence of stroke in both male and
female AIS patients [10, 11], but sex differences in obese
AIS patients with a current or previous history of smok-
ing are not fully understood.

While stroke ranks as the fourth leading cause of death
among individuals aged 20 to 59, it emerges as the sec-
ond leading cause of death in females aged 60 and over
[12, 13]. Among those aged 45-74, males exhibit a higher
rate of stroke and mortality. However, beyond the age
of 74, females tend to surpass males in both stroke inci-
dence and mortality [14, 15]. Females often present with
worse baseline function, more comorbidities, poorer
post-stroke outcomes, and an overall greater risk for
stroke compared with males [16, 17]. In addition, stroke
severities, and deaths linked to a stroke are less in males
than females [18]. The higher severity and death rate in
females is linked to the older age of females at stroke
onset and the fact that females present with longer life
expectancy compared with males [19, 20].

Prospective studies provided evidence for the effects
of risk factors on the risk of stroke, and most of the risk
factors are at the disadvantage of females [21, 22]. For
example, diabetes causes more risk of stroke in females
than in males [23, 24]. Similarly, a history of atrial fibrilla-
tion was associated with a higher risk of stroke in females
compared with males [21, 25]. In terms of smoking and
obesity, more than 25% of males and 6% of females are
reported to smoke every day [26, 27], and smoking alone
or in combination with obesity poses a major risk for
stroke for both males and females compared with non-
obese or smoking individuals [28, 29]. While obesity is
reported to be more prevalent in females than males [30,
31], males tend to smoke at higher rates than females [32,
33].

Given that there is a stronger association between
more risk factors and the severity of stroke in females
compared with males [34], it is possible that risk factors
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for ischemic stroke in individuals with a combination
of obesity and smoking may not be equally distributed
between females and males. One possibility is that obese
females may present with more risk factors when com-
pared with obese male AIS patients with a current or pre-
vious history of smoking. Therefore, the first objective of
this study is to identify the risk factors in obese male and
female AIS patients with a current or previous history of
smoking.

Since obese males and females with a history of smok-
ing may not present with similar risk factors in the gen-
eral AIS population, our second objective is to determine
specific risk factors contributing to sex differences in
obese AIS patients with a history of smoking. Under-
standing these sex-related risk factors can facilitate the
development of targeted support and personalized care
to manage risk factors in obese AIS patients with a cur-
rent or previous history of smoking.

Methods
Study population
This retrospective study utilized data obtained from the
Prisma Health Acute Ischemic Stroke (AIS) cohort. The
study protocol was reviewed and approved by the institu-
tional review board of the PRISMA Health Institutional
Committee for Ethics. Brain imaging (MRI, MRA, CT,
CTA, etc.) was used to validate cases of ischemic stroke
and to exclude cases with intracerebral or subarachnoid
hemorrhagic stroke. We used data for patients classi-
fied as obese based on the BMI guidelines established by
the World Health Organization (WHO) with individuals
with a BMI of (>30) being classified as obese and indi-
viduals with a BMI (<30) falling into the categories of
underweight, normal weight, or overweight [35]. Patients
were classified as smokers based on whether the history
of smoking was current, i.e. immediately before stroke
or previous history before stroke. Therefore, smokers in
this study are those with a current or previous history
of smoking before admission for treatment of ischemic
stroke. Data on clinical variables, demographic factors,
and comorbidities were obtained from the registry.
Demographic factors including gender, age, ethnic-
ity, and race were considered in this study. Additionally,
past medical history of the patient population was also
obtained covering conditions such as atrial fibrillation,
coronary artery disease (CAD), carotid stenosis, depres-
sion, diabetes, a history of substance abuse, hypertension,
migraine, heart failure (HF), hormone replacement ther-
apy (HRT), dyslipidemia, family history of stroke, obesity,
prior stroke, prior TIA, prosthetic heart valve, peripheral
vascular disease (PVD), chronic renal disease, sickle cell,
and sleep apnea. Ambulatory data from the patients were
also collected with scores ranging from 0 to 3 0 denot-
ing undocumented ambulation ability, 1 indicating an
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inability to ambulate, 2 denoting ability to ambulate with
assistance, and 3 denoting the ability to ambulate inde-
pendently. These scores were assigned to patients before,
during, and after discharge. Any improvement was docu-
mented and defined as an increase in ambulatory status
from patient admission to discharge.

Statistical analysis

Statistical Analyses were performed using Statistical
Package for Social Sciences version 29.0 for Mac (SPSS,
Chicago, IL). The normality of data distribution was
assessed using the Kolmogorov-Smirnov test. Continu-
ous variables with normal distribution were presented as
meantSD, and comparisons between male and female
patients were determined using the student-t-test. Non-
normally distributed variables were analyzed using
the Mann-Whitney U test. Categorical variables were
described using frequencies, and group differences were
assessed using the x> test or Student T-Test. Patients
were categorized into three groups (smokers, obesity, and
smokers and obese), and univariate analysis was used to
determine sex differences in risk factors for each group.
The power analysis was computed using PASS 2023, ver-
sion 23.0.2. For 2807 females, the power was 91.23% and
d=0.24, while 2662 males produced a power of 90% and
d=0.20.

The primary analysis in our study was sex-associated
risk factors in male and female patients as outcome, per-
formed using logistic regression models (with medical
history, and laboratory values. as predictors in all mod-
els). Models were developed for each of the 4 AIS groups
including,1) the whole AIS population, 2) smoking, 3)
obesity, and 4) smoking combined with obesity stroke
population. Our logistic regression models identified
risk factors associated with male or female AIS patients
within each of the stroke groups, including variables
such as smoking, obesity, and the combined effects of
obesity with a current or previous history of smoking.
We assessed multicollinearity using Hosmer-Lemeshow
tests while determining the sensitivity and specificity of
the models through overall classified percentage and the
area under the receiver operating curve (AUROC). Odds
Ratios (ORs) for gender-specific risk factors in male and
females were determined at 95% confidence intervals
(ClIs). The significance level for all tests was set at P<0.05.

Results

A total of 5,469 individuals diagnosed with ischemic
stroke, were identified. Of this, 2,662 were males and
2,807 were females (Table 1). Male patients were more
likely to present with a history of coronary artery dis-
ease, carotid artery stenosis, alcohol use, sleep apnea,
and tobacco use (P<0.001). Conversely, females pre-
sented with a higher likelihood of presenting with atrial
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fibrillation, depression, heart failure, hypertension, and
migraines (P<0.05). Males were more likely to be treated
with cholesterol reducers (P<0.05 while females were
more likely to be treated with antihypertensive medica-
tions and antidepressants (P<0.05). Females were likely
to be older, and present with higher BMI compared with
males (P<0.05). Males were likely to present with higher
levels of serum creatinine (P<0.05), while females were
likely to present with higher total cholesterol, HDL, and
LDL (P<0.05). Vital signs including higher diastolic
blood pressure were more likely to be associated with
males(P<0.05). Females presented with a higher inci-
dence of heart rate (P<0.05) while males presented with
improved ambulation (P<0.05) when compared with
females.

Table 2 presents the risk factors of AIS patients strati-
fied by sex and obesity with current or previous history
of smoking, obesity, and smoking alone. Obese AIS with
a history of smoking that are males were more likely to
present with coronary artery disease and alcohol use
(P<0.05). However, females were more likely to pres-
ent with depression and migraines and were more likely
to be treated with diabetic medications and antidepres-
sants (P<0.05). Males were more likely to present with
higher serum creatinine levels (P<0.05), while females
were more likely to present with higher total cholesterol,
and HDL levels (P<0.05). Systolic and diastolic blood
pressure were higher in males (P<0.05 )when compared
with females in the obese AIS patients with a history of
smoking.

Obese male AIS patients with a history of smoking
were more likely to present with coronary artery disease
and alcohol use P<0.05). On the other hand, females
were more likely to present with depression, diabetes,
migraine, and previous TIA (P<0.05).

In addition, females were more likely to take hyperten-
sive medications, diabetic medications, and antidepres-
sants, presenting with a higher total cholesterol level and
HDL (P<0.05). Males were more likely to present with a
higher serum creatinine level, INR, systolic, and diastolic
blood pressure and were more likely to present with
improved ambulation (P<0.05) when compared with
females.

Obese female AIS patients were more likely to be older
and presented with higher BMI when compared with
males (P<0.05). Males were more likely to present with
CAD, and a history of alcohol and tobacco use (P<0.05)
while females were more likely to present with higher lev-
els of depression, heart failure, and migraine (P<0.05).
Females were more likely to present with higher total
cholesterol, HDL, and LDL (P<0.05). Males were more
likely to present with higher serum creatinine (P<0.05)
while females were more likely to be taking hypertensive
medications and antidepressants (P<0.05).
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Table 1 Demographic and clinical characteristics of ischemic stroke patients divided by sex

Characteristic Male Female

Number of patients 2,662 2,807 P-value
Age Group: No. (%)

<50 305 (11.5) 353(126) <0.001*
50-59 603 (22.7) 393 (14.0)

60-69 740 (27.8) 559 (19.9)

70-79 592 (22.2) 639 (22.8)

>=80 422 (15.9) 30.7)

Age Mean +SD 65.13+£13.372 69.26+15.657 <0.001*°
Race: No (%)

White 2,090 (78.5) 2,198 (78.3) 0.544
Black 492 (18.5) 510(18.2)

Other 80 (3.0) 99 (35)

Hispanic Ethnicity: No. (%) 38(1.4) 47 (1.7) 0.461
BMI: Mean£SD 28.04+5.983 28.61+7.795 0.002*°
Medical History: No. (%)

Atrial Fib 381 (14.3) 543 (19.3) <0.001*
Coronary Artery Disease 935 (35.1) 726 (25.9) <0.001*
Carotid Artery Stenosis 191 (7.2) 143 (5.1) 0.001%@
Depression 271(10.2) 450 (16.0) <0.001*
Diabetes 951(35.7) 984 (35.1) 0.605
Drugs or Alcohol 256 (9.6) 81 (2.9 <0.001*
Dyslipidemia 1,364 (51.2) 1,391 (49.6) 0213
Stroke Family History 224 (84) 270 (9.6) 0.121
Heart Failure 245 (9.2) 345(12.3) <0.001*
Hypertension 2,056 (77.2) 2,250 (80.2) 0.008*
Migraine 29 (1.1) 105 (3.7) <0.001%
Obesity 1,148 (43.1) 1,163 (41.4) 0.205
Previous Stroke 671 (25.2) 753 (26.8) 0.173
Previous TIA (> 24 h) 213 (8.0) 264 (9.4) 0.066
Prosthetic Heart Valve 35(1.3) 27 (1.0 0218
Peripheral Vascular Disease 192(7.2) 208 (7.4) 0.779
Chronic Renal Disease 232 (8.7) 215(7.7) 0.154
Sleep Apnea 101 (3.8) 69 (2.5) 0.004*@
Smoker 883 (33.2) 603 (21.5) <0.001%
Medication History: No (%)

HTN medication 1,763 (66.2) 2,031 (72.4) <0.001%
Cholesterol Reducer 1,227 (46.1) 1,201 (42.8) 0.014*
Diabetic Medication 735 (27.6) 760 (27.1) 0.657
Antidepressant 251 (9.4) 460 (16.4) <0.001*
Initial NIHSS Score: No (%)

0-9 1,677 (74.0) 1,612 (69.5) 0.005%
10-14 235(10.4) 272 (11.7)

15-20 218 (9.6) 283(12.2)

21-25 137 (6.0) 153 (6.6)

Mean+SD 7.63+7.84 8.90+8.56 <0.001*°
Lab values: Mean +SD

Total cholesterol 165.96+52.10 177.54+50.89 <0.001%°
Triglycerides 142.60+110.95 136.78+99.16 0.057
HDL 3843+12.57 4503+14.23 <0.001*
LDL 101.83+39.72 107.31+42.58 <0.001*°
Lipids 6.51+1.82 6.54+3.11 0.709
Blood Glucose 146.75+78.26 147.82+83.62 0.626

Serum Creatinine 140+£1.22 1.18+1.09 <0.001*°
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Table 1 (continued)

Characteristic Male Female

INR 1.15+0.51 1.18+1.09 0.069
Vital Signs: Mean +SD

Heart Rate 80.43+£15.35 83.50+1857 <0.001*°
Blood Pressure Systolic 152.09+28.86 151.57+£29.74 0.508
Blood Pressure Diastolic 84.60+1837 80.39+19.59 <0.001*°
Ambulation Status Prior to Event: No. (%)

Ambulate Independently 2,453 (92.1) 2,434 (86.7) <0.001*
Ambulate with Assistance 74 (2.8) 129 (4.6)

Unable to Ambulate 79 (3.0) 134 (4.8)

Not Documented 56 (2.1) 109 (3.9)

Ambulation Status on Admission: No. (%)

Ambulate Independently 727 (27.3) 604 (21.5) <0.001*
Ambulate with Assistance 790 (29.7) 836 (29.8)

Unable to Ambulate 744 (27.9) 984 (35.1)

Not Documented 401 (15.1) 383 (13.6)

Ambulation Status on Discharge: No. (%)

Ambulate Independently 1,184 (44.5) 990 (35.3) <0.001*
Ambulate with Assistance 846 (31.8) 974 (34.7)

Unable to Ambulate 429 (16.1) 640 (22.8)

Not Documented 203 (7.6) 203 (7.2)

rtPA received: No. (%) 668 (25.1) 659 (23.5) 0.163
First Care Received: No. (%)

Emergency Department 2,085 (79.1) 2212 (794) 0.806
Direct Admission 550 (20.9) 574 (20.6)

Improved Ambulation: No. (%) 927 (37.5) 898 (34.4) 0.019%
NIHSS > 7: No. (%) 824 (35.0) 1,043 (42.1) <0.001*
Diastolic Blood Pressure >80 mmHg 1,576 (59.3) 1,312 (46.8) <0.001%

Results for continuous variables are presented as Mean+SD, while discrete data are presented as percentage frequency. Pearson’s Chi-Square is used to compare
differences between demographic and clinical characteristics in male and female ischemic stroke patients

@Pearson’s Chi-Squared test
bStudent’s T test
* P-value<0.05

Figure 1 presents the results of the adjusted analysis
for the entire AIS population. BMI (OR=0.977, 95% CI,
0.966-0.988, P=<0.001), atrial fibrillation (OR=0.759,
95% CI, 0.610-0.945, P=0.014), depression (OR=0.473,
95% CI, 0.346—0.553, P=0.014), heart failure (OR=0.607,
95% CI, 0.465-0.792, P<0.001), hypertension
(OR=0.745, 95% CI, 0.616—0.900, P=0.002), migraine
(OR=0.320, 95% CI, 0.191-0.535, P<0.001), total cho-
lesterol (OR=0.996, 95% CI, 0.994-0.998, P<0.001),
HDL (OR=0.960, 95% CI, 0.953—0.966, P<0.001), heart
rate (OR=0.984, 95% CI, 0.979-0.988, P<0.001), and
NIHSS>7 (OR=0.709, 95% CI, 0.602-0.835, P<0.001)
were all significantly associated with females. Coro-
nary artery disease (OR=1.675, 95% CI, 1.407-1.994,
P<0.001), alcohol use (OR=3.960, 95% CI, 2.664—5.887,
P<0.001), smoking (OR=1.442, 95% CI, 1.206-1.724,
P<0.001), serum creatinine (OR=1.269, 95% CI, 1.146—
1.405, P<0.001), diastolic blood pressure (OR=1.025,
95% CI, 1.021-1.030, P<0.001), TPA administration
(OR=1.196, 95% CI, 1.007-1.421, P=0.041), ambulation

improvement (OR=1.185, 95% CI, 1.010-1.391,
P=0.037), and sleep apnea (OR=2.825, 95% CI, 1.810—
4.409, P<0.001) were all associated with the males. Our
model indicates a strong discriminative capability (Area
Under the Curve (AUC)=0.758, 95% CI, 0.742-0.775,
P<0.001).

Figure 2 presents risk factors for obese AIS popula-
tion with a history of smoking. Coronary artery dis-
ease (OR=1.806, 95% CI, 1.028-3.174, P=0.040), a
history of alcohol use (OR=2.873, 95% ClI, 1.349-6.166,
P=0.006), serum creatinine (OR=4.724, 95% CI, 2.171-
10.281, P<0.001), age (OR=1.024, 95% CI, 1.022-1.047,
P=0.033), and systolic blood pressure (OR=1.029, 95%
CI, 1.011-1.047, P<0.002) were significantly associated
with males. Depression (OR=0.432, 95% CI, 0.244-0.764,
P=0.004), previous TIA (OR=0.319, 95% CI, 0.142-
0.714, P<0.005), and higher levels of HDL (OR=0.938,
95% CI, 0.915-0.962, P<0.001) were associated with
females. The discriminative capability of the model was
strong (AUC=0.769, 95% CI, 0.729-0.809, P<0.001).
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3 Figure 3 presents risk factors for AIS patients with
oo z a history of smoking only. Coronary artery disease
S 3 E (OR=2.033, 95% CI, 1.385-2.984, P<0.001), a history
= of alcohol (OR=1.906, 95% CI, 1.207-3.007, P=0.006),
E serum creatinine (OR=5.325, 95% CI, 3.225-8.711,
é P<0.001), and diastolic blood pressure (OR=1.022, 95%
oS g E CI, 1.013-1.031, P<0.001) were associated with males.
Elg s & Depression (OR=0.391, 95% CI, 0.251-0.610, P<0.001),
ded g previous TIA (OR=0.0.438, 95% CI, 0.256-0.749,
§ P=0.003), diabetic medication (OR=0.591, 95% CI,
§ 0.396-0.882, P=0.010), total cholesterol (OR=0.995, 95%
S l-al 3 CI, 0.991-0.998, P=0.002), HDL (OR=0.978, 95% CI,
HREEE: 0.967-0.989, P=0.002), and heart rate (OR=0.990, 95%
§ w8 § % CI, 0.980-0.999, P=0.025) were associated with females.
s 5 The discriminative capability of the model was strong

§ (AUC=0.754, 95% CI, 0.727-0.781, P<0.001).
2 £ Figure 4 presents the risk factors of obese AIS
23 é patients. Coronary artery disease (OR=1.720, 95% CI,
il B 1.335-2.216, P<0.001), a history of alcohol (OR=4.726,
s 95% CI, 2.701-8.268, P<0.001), LDL (OR=1.009, 95%
El CI, 1.001-1.017, P=0.030), and diastolic blood pres-
| £ sure (OR=1.022, 95% CI, 1.015-1.028, P<0.001) were
1= % E associated with males. Age (OR=0.985, 95% CI, 0.976—
Elo 5| ¢ 0.993, P<0.001), BMI (OR=0.929, 95% CI, 0.910-0.948,
S R P<0.001), depression (OR=0.495, 95% CI, 0.376—0.653,
g P<0.001) heart failure (OR=0.606, 95% CI, 0.417-0.881,
s P=0.009), migraine (OR=0.339, 95% CI, 0.188-0.612,
2 3 % P<0.001), total cholesterol (OR=0.989, 95% CI, 0.983—
HEE % f§ 0.996, P=0.003), HDL (OR=0.950, 95% CI, 0.940-0.961,
§2c 3 g P<0.001), and heart rate (OR=0.981, 95% CI, 0.974—
@ 0.987, P<0.001) were associated with females. The model
2 has a strong discriminative capability (AUC=0.768, 95%

& g CI, 0.747-0.788 P<0.001).

° 2 a In general, we observed differences and similarities
s (Table 3). In terms of similarities, for men, coronary
% artery disease and alcohol use were observed in obese
g AIS patients with a history of smoking. In contrast, an
222 2 increase in serum creatine was only observed in obese
E ; % % AIS patients with a history of smoking. Moreover, an
o g increase in diastolic blood pressure was observed among
'5 B AIS patients with a history of smoking or obesity. In
S 2 terms of differences, an increase in age was only observed
é—w ~ 2 B in obese AIS patients with a history of smoking. In con-
2lolS & % trast, an elevated LDL was only observed in obese male
5 2 § S g AIS patients that present. In contrast, an increase in
g systolic blood pressure was only observed in obese AIS
g £ patients with a history of smoking. For females, depres-
5 § £ % sion was observed in obese AIS patients with a history
g IS g 3 of smoking. In addition, a previous history of TIA was
% s % é o 2 . observed in obese AIS patients with a history of smoking.
S é 4 = € T Lgy Elevated HDL was observed in obese AIS patients with
~ % 3% 3 E qu’ z g 2 a history of smoking. An increase in heart rate and total
% R g o 2 § % 3 ’_E cholesterol was observed among obese AIS patients with
© S5 ESggegad or without a history of smoking. In terms of differences,
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Fig. 1 Risk factors associated with male and female AIS patients for the entire AIS population include smoking + obesity, smoking, and obesity. Odd
ratios (OD) below 1 denote factors associated with female while above 1 denotes factors associated with male patients. *Indicates statistical significance

(P<0.05) with a 95% confidence interval

the use of diabetic medication was only observed in AIS
patients with a history of smoking. In contrast, BMI,
heart failure, and migraine were observed among obese
female AIS patients.

Discussion
This study produced several results. First, in obese AIS
patients with a history of smoking, that present with
coronary artery disease, a history of alcohol use, higher
serum creatinine and systolic blood pressure were more
likely to be males. In contrast, depression, previous TIA,
and higher levels of HDL were associated with females.
Second, among AIS patients that are current or previ-
ous smokers, but not obese, coronary artery disease, alco-
hol use, elevated serum creatinine, and diastolic blood
pressure were associated with males, while depression,
previous TIA, use of diabetic medication, elevated total
cholesterol, and heart rate were associated with females.
Third, in obese AIS patients without a history of smok-
ing, coronary artery disease, alcohol use, LDL, and dia-
stolic blood pressure were associated with males, while

older patients with higher BMI and a history of depres-
sion, heart failure, migraine, and elevated total choles-
terol. HDL and heart rate were more likely to be females.
Our results for obese male AIS patients with a history
of smoking have been reported by other studies for stroke
patients with CAD [36, 37], alcohol use [38], serum cre-
atinine [39], age [40], and systolic blood pressure [41].
Coronary artery disease (CAD) is indeed more prevalent
in males than in females [42], and this has been attrib-
uted to several factors, including the protective effects of
sex hormones such as estrogen in females [43]. Estrogen
is known to have antioxidative and anti-inflammatory
properties that can slow down the progression of athero-
sclerotic plaque, a key factor in the development of CAD
[44]. This is significant because atherosclerosis is a key
underlying process in the development of CAD. Estro-
gen’s influence on plasma lipids and lipoproteins is also
beneficial, as it can lead to a more favorable lipid profile,
further reducing the risk of atherosclerosis [45]. This pro-
tective effect may contribute to reducing the incidence of
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Fig. 2 Risk factors associated with obese AlS population with a history of smoking. Odd ratios (OD) below 1 denotes factors associated with female while
above 1 denotes factors associated with male patients. *Indicates statistical significance (P < 0.05) with a 95% confidence interval

CAD in female obese AIS with a history of smoking com-
pared with males.

We observed that obese male AIS patients that present
with a history of smoking were more likely to be associ-
ated with a history of alcohol use. Males are more likely
to use alcohol as a coping mechanism for stress, which
can lead to higher rates of alcohol use and related prob-
lems [46]. Societal norms and expectations can influence
drinking behaviors. For example, heavy drinking may be
more socially acceptable for males, leading to higher rates
of alcohol use and related problems. Therefore, compared
with males, more females are lifetime abstainers, drink
less, and are less likely to develop alcohol-related disor-
ders [47], although females who drink in excess develop
more clinical issues [48]. Moreover, males are more likely
to be treated in emergency departments for alcohol use
problems [49]. These findings support our current result
in alcohol use being associated with obese male AIS
patients with a history of smoking. In addition, different
factors, including alcohol pharmacokinetics as well as
its effect on nervous system functioning and the level of

sex hormones, may interact with alcohol use in a com-
plex manner [50], and contribute to the observed differ-
ence in male and female patients. It is important to point
out that while these trends can be observed at the popu-
lation level, individual experiences with alcohol use and
its related problems can vary widely. Future studies on
mechanisms underlying the biology and psycho-socio-
cultural differences in alcohol use, obesity, and smoking
will help in the development of appropriate care for male
and female obese AIS patients with a history of smoking.

Elevated serum creatine level was linked with obese
male AIS patients with a history of smoking. An asso-
ciation between increased risk of cerebrovascular disease
and elevated serum creatine levels has been reported [51,
52]. These studies focused on specific groups, such as
patients with stroke [53], and myocardial infarction [53],
in all of whom cerebrovascular and coronary heart dis-
ease are the primary causes of mortality. The authors sug-
gested that an increased level of creatinine has a major
impact on vascular diseases [54], implying that serum
creatinine predicts survival in patients with stroke [55].
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Fig. 3 Risk factors associated with AlS patients with a history of smoking only. Odd ratios (OD) below 1 denotes factors associated with female while
above 1 denotes factors associated with male patients. *Indicates statistical significance (P < 0.05) with a 95% confidence interval

In our current study, elevated serum creatine was asso-
ciated with AIS males who are obese and present with
a history of smoking. This result indicates the relation-
ship between serum creatinine and stroke events in AIS
male patients who are obese and present with a history
of smoking. Our finding indicates that an elevated serum
creatinine concentration may represent a marker for sub-
tle renal damage and may constitute an additional risk
factor for the combined effect of obesity and smoking on
male stroke patients. Therefore, monitoring serum cre-
atinine concentration is crucial, especially for male stroke
patients with a history of smoking and obesity.

Elevated systolic blood pressure was linked with male
AIS patients who present with a history of smoking,
while diastolic blood pressure was linked with obese AIS
patients with or without a history of smoking, but not
in patients who presented with the combined effect of
obesity and smoking. Hypertension guidelines include
both systolic and diastolic blood pressure (DBP) targets
[56, 57]. It has been shown that although systolic blood
pressure (SBP) had a greater effect, systolic and dia-
stolic blood pressures each independently affect stroke

outcomes [58]. Accordingly, elevated levels of SBP and
DBP were associated with an increased risk of ischemic
stroke in both sexes [59]. In general, the link between
BP and severity of stroke is controversial [60, 61]. While
some studies show that neither SBP nor DBP projected
stroke severity [62], others suggest that only SBP [63]
or DBP [64] were associated with worse neurologic out-
comes. Our current study indicates that higher SBP was
associated with male, obese AIS patients and present
with a history of smoking, while DBP was associated with
obese AIS patients with or without a history of smoking.
Therefore, future studies may help determine the rela-
tionship between SBP, DBP, and obese AIS patients with
a history of smoking.

We observed that LDL was only linked with obese male
AIS patients, and not with AIS patients with the com-
bined effect of smoking and obesity or smoking alone.
Stroke is a multifactorial disease and is associated with
several risk factors including atherosclerosis of the cere-
bral circulation, linked with the abnormalities of serum
lipids and lipoproteins [65, 66]. Such aberrations include
an increase in triglyceride levels, downregulation of
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Fig. 4 Risk factors associated with obese AlS patients only. Odd ratios (OD) below 1 denotes factors associated with female while above 1 denotes factors
associated with male patients. *Indicates statistical significance (P < 0.05) with a 95% confidence interval

Table 3 A summary of similarities and differences in risk factors

Obesity +smok-  Smoking Obesity
ing
Men Coronary artery Coronary artery Coronary artery

disease, alcohol use, disease, alcohol
serum creatinine, use, diastolic
diastolic blood blood pressure,
pressure. LDL.
Depression, previ-
ous TIA, diabetic
medication, total lesterol, heart
cholesterol, heart rate, BMI, heart
rate failure, migraine,

disease, alcohol
use, serum creati-
nine, age, systolic
blood pressure.
Depression, previ-
ous TIA, HDL

Women Depression, age,

HDL, total cho-

high-density lipoproteins (HDL) cholesterol concentra-
tions, and elevated low-density lipoproteins (LDL) levels
[67]. In particular, LDL consists of many distinct sub-
components including LDL-1 to LDL-7 LDL, of which
LDL-3 and LDL-4 are known risk factors for AIS [68].
Our finding that LDL was associated with male obese AIS
patients underscores the importance of LDL and its sub-
components in the assessment and management of these
patients. Therefore, monitoring and managing these lipid

levels is crucial in the prevention and treatment of stroke,
particularly in male obese AIS patients.

An important finding in this study is that among
patients with AIS, those who are obese and present with
a history of smoking, either individually or in combina-
tion are more likely to experience depression. Depression
is known to elevate morbidity in ischemic stroke patients
[69]. Regardless of age, females exhibit higher rates of
depression than males [70]. Females are more likely to
be treated with depression even during stroke when
compared with males [71]. Furthermore, females tend
to experience poorer functional outcomes after ischemic
stroke [72]. Therefore, given the higher rates of depres-
sion and worse outcomes after stroke in females, it is not
surprising that female AIS patients who are obese and
present with a history of smoking or obesity were asso-
ciated with depression in our current study. This finding
underscores the need for targeted interventions to man-
age depression, especially in female stroke patients and
those with risk factors like obesity and smoking.

We observed that female obese AIS patients that pres-
ent with or without a history of smoking were more likely
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to be associated with a baseline previous TIA. A previous
history of TIA is a major predictor of subsequent isch-
emic stroke [73]. In general, the incidence of TIA varies
and is stratified by age distribution. For example, among
males between the ages of 65 to 69, TIA is lower (<2.6%)
when compared with those between 75 and 79 years of
age(>3.5%) [74]. For females that are between 65 and 69
years of age, the prevalence of TIA is 1.6%, while females
between 75 and 79 years of age presented with a higher
proportion (>4.0%) [75]. In general, a higher prevalence
of TIA is reported in females when compared with males
[75] and this supports our current results in female AIS
patients with a combined effect of obesity and smoking,
and smoking alone. Future studies that focus on the man-
agement of TIA and related risk factors by sex are neces-
sary to reduce TIA incidence in male and female patients.

We observed an association between elevated total
cholesterol (TC) and female AIS patients with a history
of smoking while higher levels of HDL were associated
with obese AIS patients with a history of smoking. TC
has been identified as an independent predictor of poor
outcomes in patients with AIS as documented by sev-
eral studies [76—78]. Furthermore, there is a significant
association between sex and serum levels of TC, LDL-C,
and HDL-C in stroke patients [79, 80]. Findings indicate
that females with AIS present with higher serum levels of
all three subclasses, including TC and HDL, compared
to males [81], suggesting a sex-dependent relationship
between TC and HDL serum levels. Moreover, females
with higher TC present with an increased risk for AIS
compared to females whose cholesterol is lower [82]. The
current study indicates a higher level of HDL-cholesterol
and LDL-cholesterol in obese female AIS patients with
baseline history of smoking. This result highlights the
complex interplay between cholesterol levels, obesity,
smoking history, and sex in the context of AIS.

An increase in heart rate was associated with female
AIS patients with a history of smoking or obesity, while
an increase in heart failure (HF) was associated with
obese female AIS patients. An increase in heart rate is a
biological variable that can predict heart failure and car-
diovascular diseases [83]. This suggests a link between
increased heart rate and HF, which can be extended to
vascular diseases, including stroke [84]. Heart failure
manifests differently in males and females, and females
are at a higher risk than males [85]. While ischemia is
the primary cause in males, hypertension and diabetes
contribute more to HF in females [85]. Our current find-
ing indicates that an increase in HF was associated with
female AIS patients with a history of smoking, or obe-
sity. Further investigation into the pathophysiology and
management approaches for individuals with a history of
ischemic stroke considering males and females and tak-
ing into account their history of smoking, obesity, and
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baseline elevation in heart rate and heart failure will rep-
resent an advancement towards precision medicine and
improvement of clinical research.

We observed that female AIS patients, that present
with a history of smoking were more likely to be treated
with diabetic medication. Diabetes significantly increases
the risk of ischemic stroke, and this risk is higher in
females compared to males [86]. Uncontrolled diabetes
can lead to hyperglycemia, which can result in various
outcomes, including mild, moderate, or severe intracere-
bral hemorrhage [87]. Notably, diabetes shows a stronger
association with ischemic stroke in females compared
with males [88], and the risk starts at lower fasting blood
glucose levels for females [89]. AIS patients with diabetes
that receive continuous diabetic medications both before
stroke onset and after admission have improved func-
tional outcomes [90]. This finding supports our current
result highlighting the use of diabetes medication among
female AIS, especially considering the stronger associa-
tion between incident ischemic stroke in females com-
pared with males [88].

There was an association between higher BMI and
female AIS patients. Higher BMI or obesity is linked to
a higher risk of ischemic stroke [91]. This positive asso-
ciation between higher BMI and ischemic stroke inci-
dence has been reported in both males and females
[92]. Although higher BMI is linked to a higher risk of
ischemic stroke in both sexes, the association is notably
stronger in females when compared to males [92]. This
finding strengthens our current result indicating that
female AIS patients are more likely to have a higher BMIL

In our study, we found that female AIS patients with a
history of obesity were more likely to be associated with
migraine. A similar trend has been reported for stroke
patients [93]. Migraine is associated with an increased
risk of ischemic stroke among males and females, but
females are particularly more affected by migraine, espe-
cially considering that the condition is predominantly
diagnosed in females [94]. The sex-related differences in
migraine also carry clinical significance, as the incidence,
duration, and disability associated with migraine tend to
be higher in females [95]. Taken together, existing stud-
ies support our current result regarding the association
of obese female AIS patients with baseline migraine.

An important finding in this study is that older male
AIS patients were associated with male and female AIS
patients with a combined effect of obesity and smoking,
while older female AIS patients were more likely to be
associated with patients with a current or previous his-
tory of smoking. Aging is a major risk factor for stroke
and the risk increases every 10 years after age 55 years
[96]. More than half of ischemic strokes occur in indi-
viduals who are >65 years old, and stroke-related mortal-
ity increases with age [96]. The death rates from stroke
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are expected to increase in people aged >65 years in the
next 10 years [97]. Moreover, the general lifetime risk for
stroke in males is proposed to be 1 in 6 and 1 in 5 for
females [98], with males presenting with greater rates
at young age and females at older ages. In our current
study, the proportion of AIS with a history of smoking or
obesity who are older (e.g. 280) is small compared with
younger age groups, indicating that age, when combined
with two or more chronic conditions such as obesity and
smoking, are important risk factors in male and female
stroke patients. Therefore, smoking and obesity either
alone or combined, may potentially interact with conven-
tional cardiovascular risk factor(s) to increase the risk,
severity, and outcome in male and female AIS patients.

Limitations

This study has many notable limitations. Data for smok-
ing was obtained from self-report. While there is evi-
dence supporting the validity of self-reported smoking
[99], there is a tendency of bias because of under- or
overreporting of smoking behaviors. Additionally, fac-
tors such as quantity, duration, and continuation of
smoking habits were not included and could potentially
have an impact on the results. Another limitation is that
all patient data on clinical characteristics, risk factors,
comorbidities, etc. were collected from a single institu-
tion and the results of this study cannot be generalized
to other institutions. Moreover, our data is cross-sec-
tional thus, limiting causal inferences. The retrospective
nature of our study did not separate current and previous
smokers in the database of the stroke registry, making
it difficult to identify those who are current or previ-
ous smokers. This study has notable strengths. A major
strength is the ability to determine risk factors that are
associated with the combined effect of obesity with a cur-
rent or previous history of smoking in male and female
AIS patients. Our findings have implications for the
future development of precise medicine for the care of
male and female AIS patients with the combined effect
of obesity with a current or previous history of smoking.

Conclusion

Despite significant advancements in research focusing on
sex differences in comorbidities associated with stroke,
as well as the identification of specific risk factors influ-
encing treatment outcomes in both female and male AIS
patients, there are still notable gaps in research. Existing
data on stroke often fail to distinguish between sex and
gender integrating both influences without recogniz-
ing that sex and gender are not binary concepts. Experi-
mental designs and data collection do not differentiate
between sex and gender identity. Consequently, many
findings on sex differences reflect a combined effect
of both sex and gender [100] supporting the observed
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differences between male and female AIS patients in our
current study. Our findings showed differences and simi-
larities in risk factors for male and female patients. Pre-
cisely, we identified specific risk factors unique to male
and female patients that when managed could enhance
the care of AIS patients with a combined effect of obe-
sity with a current or previous history of smoking. These
findings highlight the need for the development of man-
agement strategies targeting AIS patients with a com-
bined effect of obesity and smoking or smoking.
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