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Abstract

The current study aimed to investigate whether low testosterone predicted the recurrence and clinical outcomes
after acute ischemic stroke (AIS) in males. From June 2015 through August 2017, the study prospectively enrolled | 10
male AlS patients. All received detailed evaluations at admission and were followed for at least | year. The cumulative
incidence, overall survival, length of hospital stay, and the percentage of previous stroke were compared between
subjects with testosterone <440 ng/dl and >440 ng/dl. The median age was 62 years (range, 35-93 years). The median
serum testosterone at admission was 438 [203] ng/dl (range, 44-816 ng/dl); 55 patients (50%) had testosterone
<440 ng/dl and were considered as low testosterone. The median follow-up was 23 months. During the period,
12 recurrences and |0 deaths occurred. The |-year and 3-year cumulative recurrence rate were 8.3% and 11.9%,
respectively; the |-year and 3-year overall survival were 96.3% and 84.6%, respectively. The cumulative recurrence
rates were similar between the two testosterone groups (log-rank test, p = .88). Low testosterone was associated
with poor survival with marginal significance (log-rank test, p = .079). Men with low testosterone had a higher
percentage of previous stroke (29.1% versus 12.7%, p = .035). The mean lengths of hospital stay were similar between
the two testosterone groups (16.6 = 15.8 days versus 14.0 = 10.6, p = .31). Total testosterone at admission fails to
predict stroke recurrence. However, men with low testosterone at admission are more likely to have previous stroke
and may have a higher all-cause mortality rate after AlS.
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Stroke is the leading cause of death and chronic disability 'Department of Urology, Shuang Ho Hospital, Taipei Medical

all over the world (Lozano et al., 2012), and the epide-
miological data identified that the number of new events
continues to increase in the past two decades (Feigin
etal.,2014). A substantial percentage, around 6% to 12%,
of patients with recent ischemic stroke would have a sec-
ond episode in the following 1 year (Amarenco et al.,
2018; Bergstrom et al., 2017; Dhamoon, Sciacca, Rundek,
Sacco, & Elkind, 2006). For better risk stratification and
optimal management, it is importance to identify the pre-
dicting factors for the recurrent ischemic stroke. More
importantly, predictors may also serve as therapeutic tar-
gets if they are involved in the mechanisms of cerebro-
vascular diseases and can be treated or modified.
Atherosclerosis is the major cause of acute ischemic
stroke (AIS) and has been well recognized as a strong
predictor for recurrence of cerebrovascular events
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(Amarenco et al., 1996; Serena, Segura, Roquer, Garcia-
Gil, & Castillo, 2015). To Identify and to control the risk
factors for atherosclerosis has long been considered the
main strategy of stroke prevention (Tsivgoulis, Safouris,
Kim, & Alexandrov, 2018).

Low testosterone is associated with multiple risk fac-
tors for atherosclerosis, such as obesity, diabetes, hyper-
tension, and dyslipidemia (Corona, Monami, et al., 2011;
Ho et al., 2015). Low testosterone is associated with
increased systemic inflammation (Liao et al., 2016) and
endothelial dysfunction (Corona, Bianchini, Sforza,
Vignozzi, & Maggi, 2015), both of which contribute to
atherosclerosis. Epidemiological studies demonstrated
that low testosterone independently predicts the develop-
ment of atherosclerosis (Hak et al., 2002; Hougaku et al.,
2006). Several meta-analyses have confirmed that low
testosterone increases the risk of major cardiovascular
events as well as the mortality due to cardiovascular dis-
cases and all causes (Corona et al., 2018a; Ruige,
Mahmoud, De Bacquer, & Kaufman, 2011). A recent
meta-analysis further demonstrated that testosterone ther-
apy may have a beneficial effect on cardiovascular mortal-
ity in select subjects (Corona et al., 2018b). With the
recognition of the association of serum testosterone with
vascular health, the current study tested the hypothesis
that low testosterone could negatively affect the clinical
outcomes after AIS in male patients. The current study
primarily aimed to investigate whether serum testosterone
levels at admission predict the subsequent recurrence of
ischemic stroke. In addition, the current study evaluated
whether testosterone level was associated with mortality,
the length of hospital stay, and history of previous stroke.

Methods
Study Subjects

This is a single-center, prospective, observational study.
The current study enrolled male AIS patients who pre-
sented to a tertiary medical center. All patients were
admitted within 24 hr after the onset of a new focal or
global neurological event. The diagnosis of AIS was
made by the treating neurologist, with the assistance of
magnetic resonance imaging (MRI) or computed tomo-
graphic (CT) scan. Those who received either intrave-
nous or intra-arterial thrombolytic therapy were excluded
from the study. The study protocol was approved by the
institutional review board (CGH-P103074), and a written
informed consent was obtained from each patient.

Initial Evaluation and Follow-Up

The study collected the demographic data, including age,
body mass index (BMI), waist, smoking habit, and his-
tory of hypertension, diabetes mellitus, atrial fibrillation,

hyperlipidemia, coronary arterial disease, and previous
ischemic stroke. Blood samples for laboratory assess-
ments were obtained in the first morning after admission
(between 08:00 am and 10:00 am). The laboratory exami-
nations included blood chemistry tests and total testoster-
one. It was previously demonstrated that total testosterone
level <440 ng/dl is associated with increased Framingham
10-year cardiovascular disease risk in middle-aged and
elderly men (Liao et al., 2016). Therefore, in the current
study, total testosterone of <440 ng/dl was considered as
low testosterone.

All patients received standard medical care based on
the physicians’ expertise and the current guidelines
(Powers et al., 2015). Patients were discharged when the
clinical conditions were considered appropriate. They
then received regular follow-up at the outpatient clinic.
All patients were followed for at least 1 year in the current
study. The major information included stroke recurrence,
time of recurrence, survival status, and cause of death.

Clinical Outcomes Assessment

The primary end point was the time to the recurrence of
AIS. The second end point was the time to death. In the
cross-sectional analyses, the study investigated the asso-
ciation of testosterone with the percentage of previous
ischemic stroke as well as the length of hospital stay.

Statistics

The continuous variables are expressed as median [inter-
quartile range], and the categorical variables are expressed
as a count (percentage). Patients with the serum testoster-
one level <440 ng/dl were considered as low testosterone,
and those with testosterone >440 ng/dl were considered
as controls (Liao et al., 2016). Characteristics between the
two groups were compared using Mann—Whitney U test
or x° test. Kaplan—Meier method was used to estimate the
recurrence and mortality of the male AIS patients, grouped
by the serum testosterone levels. The log-rank test was
used to compare the recurrence and mortality between the
two testosterone groups. The length of hospital stay was
compared using Mann—Whitney U test, and the percent-
age of previous ischemic stroke was compared using x°
test. All statistic tests were two-sided, and a p value of
<.05 was considered to indicate a statistically significant
difference. All statistical analyses were performed using
SPSS 22.0 (IBM Corp., Armonk, NY, USA).

Results

Patient Characteristics

From June 2015 through August 2017, a total of 110 male
patients with AIS were enrolled in this study. The median
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Table I. Characteristics of the | 10 Male Patients With Acute Ischemic Stroke.

Total (n = 110) <440 ng/dl (n = 55) >440 ng/dl (n = 55) p value
Age, years 62 [23] 66 [22] 58 [19] .002
BMI, kg/m’ 25.5 [5.1] 25.7 [4.8] 255 [5.2] 24
Obesity 55 (50.0%) 29 (52.7%) 26 (47.3%) .57
Diabetes 53 (48.2%) 24 (43.6%) 29 (52.7%) .34
Hypertension 89 (80.9%) 45 (81.8%) 44 (80.0%) 8l
Hyperlipidemia 54 (49.1%) 22 (40.0%) 32 (58.2%) .06
Low HDL 40 (38.1%) 17 (32.1%) 23 (44.2%) .20
Atrial fibrillation 8 (7.3%) 4 (7.3%) 4 (7.3%) 1.00
Smoking 47 (42.7%) 21 (38.2%) 26 (47.3%) .34

Note. Continuous data are expressed as median [interquartile range]; categorical data are expressed as count (%). BMI = body mass index;

HDL = high-density lipoprotein.

Table 2. Odds Ratio and 95% Confidence Interval for
Previous Stroke.

OR 95% ClI p value

Testosterone

<440 ng/dl 281" [1.05,7.52] .039

>440 ng/dl | Reference
Age, per | year 1.01 [0.98. 1.05] 3l
Diabetes mellitus

DM (-) | Reference

DM (+) 0.79 [0.31, 1.99] 61
Obesity (waist >90 cm)

Ob (-) | Reference

Ob (+) 1.12 [0.45, 2.80] .82
Hypertension

HTN (-) | Reference

HTN (+) 6.57 [0.83,51.8] .07
Hyperlipidemia

Hyperlipidemia (-) | Reference

Hyperlipidemia (+) 0.6 [0.24, 1.53] .29
Atrial fibrillation

Af (<) | Reference

Af (+) 0.52 [0.06, 4.45] .55
Smoking

Smoking (—) | Reference

Smoking (+) 0.66 [0.25, 1.71] .39

Note. *After adjusting for age, the odds ratio of low testosterone
(<440 ng/dl) was 2.66 (95% CI [0.95, 7.41], p = .062).

age was 62 [23] years (range, 35-93 years), and the
median BMI was 25.5 [5.1] kg/m”. The number (percent-
age) of subjects with central obesity (waist circumference
>90 cm), diabetes mellitus, hypertension, hyperlipid-
emia, atrial fibrillation, and smoking were 55 (50.0%), 53
(48.2%), 89 (80.9%), 54 (49.1%), 8 (7.3%), and 47
(42.7%), respectively (Table 1).

The median serum testosterone at admission was 438
[203] ng/dl (range, 44 —816 ng/dl). Fifty-five patients
(50%) had serum testosterone <440 ng/dl at admission

and were categorized as low testosterone, while those
with testosterone above this level were categorized as
controls. Table 1 compares the demographic data
between the two groups: The median age of the low tes-
tosterone group was significantly greater than that of the
controls (66 [22] years versus 58 [19] years, p = .002),
and the other demographic data were not significantly
different between the two groups (Table 1).

The Association of Testosterone With Stroke
Recurrence and Overall Survival

The longitudinal follow-up ended in August 2018, 1 year
after the last enrollment. The median follow-up was 23
months (range, 3.4-39 months). During this period 12
recurrences occurred among the entire population. The
Kaplan—Meier plot revealed that the cumulative AIS
recurrence rate at 1 year and 3 years were 8.3% and
11.9%, respectively. The curves of cumulative incidence
for recurrent ischemic stroke were not different between
the low testosterone group and the control group (Figure 1
Left, log-rank test, p = .88).

There were 10 deaths during the follow-up period. Of
the 10 patients, 4 died of cancer, 3 died of infection, 2
died of aging, and 1 died of aortic dissection. For the
entire population, the 1-year and 3-year overall survival
were 96.3% and 84.6%, respectively. The difference in
survival between the two groups was marginally signifi-
cant (Figure 1 Right, log-rank test, p = .079).

Association of Testosterone With Previous
Stroke and Length of Hospital Stay

The percentage of subjects with history of previous isch-
emic stroke was significantly higher in the low testosterone
group (29.1% versus 12.7%, p = .035). Logistic regression
revealed low testosterone was significantly associated
with previous ischemic stroke (odds ratio = 2.81, 95%
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Figure |. Kaplan—Meier plots for the cumulative incidence of stroke recurrence (left) and overall survival (right).

confidence interval [1.05, 7.52], p = .039, Table 2). The
association remained marginally significant after controlling
for age (odds ratio = 2.66, 95% CI [0.95, 7.41], p = .062,
Table 2). The mean lengths of hospital stay were similar
between the two testosterone groups (16.6 = 15.8 days
versus 14.0 = 10.6, p = .31).

Discussion

The current study investigated the association of testos-
terone levels at admission with the clinical outcomes
after AIS in males. The study did not observe an associa-
tion of testosterone with subsequent recurrence after AIS.
Low testosterone at admission might predict a worse
overall survival. The cross-sectional analyses revealed
that men with low testosterone had a 2.81-fold greater
chance of previous stroke, and the association remained
significant after adjusting for age.

There have been several studies investigating the
relationship between testosterone and the incidence of
ischemic stroke in the community-dwelling male popu-
lation, and the results are inconsistent across all studies.
In an analysis from the Health In Men Study including
3,443 men aged =70 years followed up for 3.5 years,
men with total testosterone in the lowest quartile of val-
ues had a near twofold increase in the risk of stroke or
transient ischemic attack after adjusting for age and other
conventional cardiovascular risk factors (Yeap et al.,
2009). Data from the Cardiovascular Health Study
revealed a nonlinear positive association of dihydrotes-
tosterone with the risk of ischemic stroke (Shores et al.,
2014). In 2016 and 2018, three separate investigations
from Denmark (Holmegard, Nordestgaard, Jensen,
Tybjerg-Hansen, & Benn, 2016), Finland (Zeller et al.,
2018), and the Netherlands (Glisic et al., 2018) confirmed
that low testosterone increases the risk of ischemic stroke.

On the contrary, analyses of data from the Atherosclerosis
Risk in Communities study failed to confirm the associa-
tion of endogenous testosterone with incident stroke or
other atherosclerosis-related findings on brain MRI after
controlling atherosclerosis risk factors in community-
dwelling men (Srinath, Gottesman, Hill Golden, Carson,
& Dobs, 2016). Three other studies reported no signifi-
cant association of testosterone with ischemic stroke
events (Abbott et al., 2007; Ohlsson et al., 2011; Soisson
et al., 2013).

To our knowledge, the current study was the first to
look at the association of endogenous testosterone with
the recurrence of ischemic stroke in males. The failure to
observe a significant association reflects that the mecha-
nisms underlying recurrent stroke may be complex and
multifactorial (Hillen et al., 2003; Yamamoto &
Bogousslavsky, 1998). Although several risk factors,
such as age, hypertension, diabetes, and atrial fibrillation,
were reported to be associated with the recurrence of
ischemic stroke (Elneihoum, Goransson, Falke, & Janzon,
1998; Johnston et al., 2007; Lai, Alter, Friday, & Sobel,
1994), most stroke recurrences remain unexplained by
conventional risk factors (Hillen et al., 2003). Analyses
of data from the Prevention Regimen for Effectively
Avoiding Second Strokes (PRoFESS) trial demonstrated
that only about half of the recurrences were with the same
mechanism as the previous stroke (Toni, Di Angelantonio,
Di Mascio, Vinisko, & Bath, 2014). The alteration in
stroke subtype between two stroke events was also dem-
onstrated in other studies (Shin, Lee, & Bang, 2005).
Results from these studies suggest that the mechanisms
of cerebrovascular events are more complex than those of
coronary heart disease. The involvement of multiple
mechanisms also explains the reason why the current
study failed to observe a significant relationship between
testosterone and stroke recurrence.
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While not demonstrating the predictive value of tes-
tosterone on the future recurrence of stroke, the current
study did observe a significant association of testosterone
with previous stroke. Multiple comorbidities and chronic
disability are highly prevalent in those with previous
stroke, and it is known that low testosterone can be a con-
sequence of accumulating disease burden (Corona et al.,
2016). It was demonstrated that men with chronic illness
have lower serum testosterone levels than healthy men
(Wu et al., 2008); luteinizing hormone levels fail to ele-
vate in those with chronic illness, suggesting that the
hypothalamic—pituitary—testicular axis is impaired (Wu
et al.,, 2008). Several comorbiditics associated with
stroke, such as obesity and type 2 diabetes, are associated
with increased concentrations of proinflammatory cyto-
kines (Pastuszak, Kohn, Estis, & Lipshultz, 2017), which
may disrupt the hypothalamus and result in lower testos-
terone levels (Igaz et al., 2006). Statin use is very com-
mon in stroke survivors, and statin has been reported to
lower the testosterone level (Corona, Boddi, et al., 2010;
Stanworth, Kapoor, Channer, & Jones, 2009).

The current study observed a marginally significant
association of testosterone and the overall survival, and
the majority of deaths in the current study were not related
to cardiovascular or cerebrovascular diseases. This find-
ing generally confirmed previous studies that low testos-
terone increases the risk of death due to all cause,
cardiovascular disease, and cancer in the general popula-
tion (Araujo et al., 2011; Corona, Monami, et al., 2010;
Corona et al., 2018a; Corona, Rastrelli, et al., 2011; Khaw
et al., 2007; Ruige et al., 2011). These results suggest that
testosterone can be viewed as a marker for general health
and a predictor for survival in either general male popula-
tion or stroke survivors.

Regarding the strength of the current study, it was the
first to investigate the association of endogenous testos-
terone with recurrence and mortality in men with AIS.
However, there are some limitations. First, the relatively
small sample size limits the power to detect a difference,
and it may also lead to a p value of marginal significance.
Second, the serum testosterone level was checked only
once in the acute stage of ischemic stroke (at admission).
It is not known how the testosterone level changes over
time after AIS. It was recently reported that low testoster-
one levels are common in the acute phase of myocardial
infarction in males, but the level appears to increase
thereafter (Wang et al., 2018). Low testosterone at acute
phase has been reported to predict the survival after acute
myocardial infarction (Pesonen, Pussinen, & Huhtaniemi,
2016), which encouraged us to investigate the predictive
value of testosterone level at acute phase of AIS, although
further studies are still required. Third, as both intrave-
nous and intra-arterial intervention significantly change
the clinical course, we did not include these patients in

the current study. This would lead to a limitation in the
generalizability of the current study.

Conclusion

In the current study, total testosterone levels at admission
failed to predict recurrence after AIS in male patients.
Men with low testosterone at admission have a higher
chance of previous stroke and may have a higher all-
cause mortality rate.

Declaration of Conflicting Interests

The author(s) declared no potential conflicts of interest with
respect to the research, authorship, and/or publication of this
article.

Funding

The author(s) disclosed receipt of the following financial sup-
port for the research, authorship, and/or publication of this arti-
cle: This study was supported by a grant (TMU105-AE1-B36)
from Taipei Medical University, Taipei, Taiwan.

ORCID iD

Shih-Ping Liu ©/27 https://orcid.org/0000-0002-8015-0695

Reference

Abbott, R. D., Launer, L. J., Rodriguez, B. L., Ross, G. W.,
Wilson, P. W. F., Masaki, K. H., ... Petrovitch, H.
(2007). Serum estradiol and risk of stroke in elderly men.
Neurology, 68(8), 563-568. Retrieved from https://www
.ncbi.nlm.nih.gov/pubmed/17310026 doi:10.1212/01.wnl.
0000254473.88647.ca

Amarenco, P., Cohen, A., Hommel, M., Moulin, T., Leys,
D., & Bousser, M.-G. (1996). Atherosclerotic disease
of the aortic arch as a risk factor for recurrent ischemic
stroke. New England Journal of Medicine, 334(19),
1216—-1221. Retrieved from https://www.ncbi.nlm.nih.gov
/pubmed/8606716 doi:10.1056/NEJM199605093341902

Amarenco, P., Lavallée, P. C., Monteiro Tavares, L.,
Labreuche, J., Albers, G. W., Abboud, H., ... Wong, L. K.
S. (2018). Five-year risk of stroke after TIA or minor isch-
emic stroke. New England Journal of Medicine, 378(23),
2182-2190. Retrieved from https://www.ncbi.nlm.nih.gov
/pubmed/29766771 doi:10.1056/NEJMoal802712

Araujo, A. B., Dixon, J. M., Suarez, E. A., Murad, M. H., Guey,
L. T., & Wittert, G. A. (2011). Endogenous testosterone
and mortality in men: A systematic review and meta-analy-
sis. The Journal of Clinical Endocrinology & Metabolism,
96(10), 3007-3019. Retrieved from https://www.ncbi.nlm
.nih.gov/pubmed/21816776. doi:10.1210/jc.2011-1137

Bergstrom, L., Irewall, A.-L., Séderstrom, L., Ogren, J.,
Laurell, K., & Mooe, T. (2017). One-year incidence,
time trends, and predictors of recurrent ischemic stroke
in Sweden from 1998 to 2010: An observational study.
Stroke, 48(8), 2046-2051. Retrieved from https://www


https://orcid.org/0000-0002-8015-0695
https://www.ncbi.nlm.nih.gov/pubmed/17310026
https://www.ncbi.nlm.nih.gov/pubmed/17310026
https://www.ncbi.nlm.nih.gov/pubmed/8606716
https://www.ncbi.nlm.nih.gov/pubmed/8606716
https://www.ncbi.nlm.nih.gov/pubmed/29766771
https://www.ncbi.nlm.nih.gov/pubmed/29766771
https://www.ncbi.nlm.nih.gov/pubmed/21816776
https://www.ncbi.nlm.nih.gov/pubmed/21816776
https://www.ncbi.nlm.nih.gov/pubmed/28706114

American Journal of Men’s Health

.ncbi.nlm.nih.gov/pubmed/28706114  doi:10.1161/STRO
KEAHA.117.016815

Corona, G., Bianchini, S., Sforza, A., Vignozzi, L., & Maggi,
M. (2015). Hypogonadism as a possible link between
metabolic diseases and erectile dysfunction in aging men.
Hormones (Athens), 14(4), 569-578. Retrieved from https://
www.ncbi.nlm.nih.gov/pubmed/26732155 doi:10.14310/
horm.2002.1635

Corona, G., Boddi, V., Balercia, G., Rastrelli, G., De Vita,
G., Sforza, A., ... Maggi, M. (2010). The effect of statin
therapy on testosterone levels in subjects consulting for
erectile dysfunction. The Journal of Sexual Medicine,
7(4), 1547-1556. Retrieved from https://www.ncbi.
nlm.nih.gov/pubmed/20141585 doi:10.1111/5.1743-
6109.2009.01698.x

Corona, G., Maseroli, E., Rastrelli, G., Francomano, D., Aversa,
A., Hackett, G. 1., ... Maggi, M. (2016). Is late-onset hypo-
gonadotropic hypogonadism a specific age-dependent
disease, or merely an epiphenomenon caused by accumu-
lating disease-burden? Minerva Endocrinologica, 41(2),
196-210. Retrieved from https://www.ncbi.nlm.nih.gov/
pubmed/26883937

Corona, G., Monami, M., Boddi, V., Cameron-Smith, M., Fisher,
A.D., De Vita, G, ... Maggi, M. (2010). Low testosterone
is associated with an increased risk of MACE lethality in
subjects with erectile dysfunction. The Journal of Sexual
Medicine, 7(4), 1557-1564. Retrieved from https://www.
ncbi.nlm.nih.gov/pubmed/20102478  doi:10.1111/j.1743-
6109.2009.01690.x

Corona, G., Monami, M., Rastrelli, G., Aversa, A., Tishova, Y.,
Saad, F., ... Maggi, M. (2011). Testosterone and metabolic
syndrome: A meta-analysis study. The Journal of Sexual
Medicine, 8(1), 272-283. Retrieved from https://www.
ncbi.nlm.nih.gov/pubmed/20807333  doi:10.1111/j.1743-
6109.2010.01991.x

Corona, G., Rastrelli, G., Di Pasquale, G., Sforza, A., Mannucci,
E., & Maggi, M. (2018a). Endogenous testosterone lev-
els and cardiovascular risk: Meta-Analysis of observa-
tional studies. The Journal of Sexual Medicine, 15(9),
1260-1271. Retrieved from https://www.ncbi.nlm.nih.gov/
pubmed/30145097 doi:10.1016/j.jsxm.2018.06.012

Corona, G., Rastrelli, G., Di Pasquale, G., Sforza, A., Mannucci,
E., & Maggi, M. (2018D). Testosterone and cardiovascular
risk: Meta-Analysis of interventional studies. The Journal
of Sexual Medicine, 15(6), 820-838. Retrieved from https://
www.ncbi.nlm.nih.gov/pubmed/29803351. doi:10.1016/.
jsxm.2018.04.641

Corona, G., Rastrelli, G., Monami, M., Guay, A., Buvat, J.,
Sforza, A., ... Maggi, M. (2011). Hypogonadism as a risk
factor for cardiovascular mortality in men: A meta-ana-
lytic study. European Journal of Endocrinology, 165(5),
687-701. Retrieved from https://www.ncbi.nlm.nih.gov/
pubmed/21852391 doi:10.1530/EJE-11-0447

Dhamoon, M. S., Sciacca, R. R., Rundek, T., Sacco, R. L.,
& Elkind, M. S. V. (2006). Recurrent stroke and cardiac
risks after first ischemic stroke: The Northern Manhattan
Study. Neurology, 66(5), 641-646. Retrieved from https://
www.ncbi.nlm.nih.gov/pubmed/16534100 doi:10.1212/01.
wnl.0000201253.93811.f6

Elneihoum, A. M., Goéransson, M., Falke, P., & Janzon, L.
(1998). Three-year survival and recurrence after stroke
in Malmo, Sweden: An analysis of stroke registry data.
Stroke, 29(10), 2114-2117. Retrieved from https://www.
ncbi.nlm.nih.gov/pubmed/9756591

Feigin, V. L., Forouzanfar, M. H., Krishnamurthi, R., Mensah,
G. A., Connor, M., Bennett, D. A., ... Murray, C. (2014).
Global and regional burden of stroke during 1990-2010:
Findings from the Global Burden of Disease Study 2010.
Lancet, 383(9913), 245-254. Retrieved from https://www.
ncbi.nlm.nih.gov/pubmed/24449944

Glisic, M., Mujaj, B., Rueda-Ochoa, O. L., Asllanaj, E., Laven,
J. S. E., Kavousi, M., ... Muka, T. (2018). Associations of
endogenous estradiol and testosterone levels with plaque
composition and risk of stroke in subjects with carotid athero-
sclerosis. Circulation Research, 122(1), 97-105. Retrieved
from https://www.ncbi.nlm.nih.gov/pubmed/29097437
doi:10.1161/CIRCRESAHA.117.311681

Hak, A. E., Witteman, J. C. M., de Jong, F. H., Geerlings,
M. 1., Hofman, A., & Pols, H. A. P. (2002). Low levels
of endogenous androgens increase the risk of atheroscle-
rosis in elderly men: The Rotterdam study. The Journal
of Clinical Endocrinology & Metabolism, 87(8), 3632—
3639. Retrieved from https://www.ncbi.nlm.nih.gov/
pubmed/12161487 doi:10.1210/jcem.87.8.8762

Hillen, T., Coshall, C., Tilling, K., Rudd, A. G., McGovern,
R., & Wolfe, C. D. A. (2003). Cause of stroke recurrence
is multifactorial: Patterns, risk factors, and outcomes of
stroke recurrence in the South London Stroke Register.
Stroke, 34(6), 1457-1463. Retrieved from https://www.
ncbi.nlm.nih.gov/pubmed/12750544 doi:10.1161/01.
STR.0000072985.24967.7F

Ho, C.-H., Jaw, F.-S., Wu, C.-C., Chen, K.-C., Wang, C.-Y.,
Hsieh, J.-T., ... Liu, S.-P. (2015). The prevalence and the
risk factors of testosterone deficiency in newly diagnosed
and previously known type 2 diabetic men. The Journal of
Sexual Medicine, 12(2), 389-397. Retrieved from https://
www.ncbi.nlm.nih.gov/pubmed/25441980  doi:10.1111/
jsm.12777

Holmegard, H. N., Nordestgaard, B. G., Jensen, G. B., Tybjarg-
Hansen, A., & Benn, M. (2016). Sex hormones and isch-
emic stroke: A prospective cohort study and meta-analyses.
The Journal of Clinical Endocrinology & Metabolism,
101(1), 69-78. Retrieved from https://www.ncbi.nlm.nih.
gov/pubmed/26509870 doi:10.1210/jc.2015-2687

Hougaku, H., Fleg, J. L., Najjar, S. S., Lakatta, E. G., Harman, S.
M., Blackman, M. R., & Metter, E. J. (2006). Relationship
between androgenic hormones and arterial stiffness, based
on longitudinal hormone measurements. American Journal
of Physiology- Endocrinology Metabolism, 290(2), E234—
E242. Retrieved from https://www.ncbi.nlm.nih.gov/
pubmed/16159908 doi:10.1152/ajpendo.00059.2005

Igaz, P., Salvi, R., Rey, J.-P., Glauser, M., Pralong, F.
P., & Gaillard, R. C. (2006). Effects of cytokines on
Gonadotropin-Releasing Hormone (GnRH) gene expres-
sion in primary hypothalamic neurons and in GnRH neu-
rons immortalized conditionally. Endocrinology, 147(2),
1037-1043. Retrieved from https://www.ncbi.nlm.nih.gov/
pubmed/16282355 doi:10.1210/en.2005-0729


https://www.ncbi.nlm.nih.gov/pubmed/28706114
https://www.ncbi.nlm.nih.gov/pubmed/26732155
https://www.ncbi.nlm.nih.gov/pubmed/26732155
https://www.ncbi.nlm.nih.gov/pubmed/20141585
https://www.ncbi.nlm.nih.gov/pubmed/20141585
https://www.ncbi.nlm.nih.gov/pubmed/26883937
https://www.ncbi.nlm.nih.gov/pubmed/26883937
https://www.ncbi.nlm.nih.gov/pubmed/20102478
https://www.ncbi.nlm.nih.gov/pubmed/20102478
https://www.ncbi.nlm.nih.gov/pubmed/20807333
https://www.ncbi.nlm.nih.gov/pubmed/20807333
https://www.ncbi.nlm.nih.gov/pubmed/30145097
https://www.ncbi.nlm.nih.gov/pubmed/30145097
https://www.ncbi.nlm.nih.gov/pubmed/29803351
https://www.ncbi.nlm.nih.gov/pubmed/29803351
https://www.ncbi.nlm.nih.gov/pubmed/21852391
https://www.ncbi.nlm.nih.gov/pubmed/21852391
https://www.ncbi.nlm.nih.gov/pubmed/16534100
https://www.ncbi.nlm.nih.gov/pubmed/16534100
https://www.ncbi.nlm.nih.gov/pubmed/9756591
https://www.ncbi.nlm.nih.gov/pubmed/9756591
https://www.ncbi.nlm.nih.gov/pubmed/24449944
https://www.ncbi.nlm.nih.gov/pubmed/24449944
https://www.ncbi.nlm.nih.gov/pubmed/29097437
https://www.ncbi.nlm.nih.gov/pubmed/12161487
https://www.ncbi.nlm.nih.gov/pubmed/12161487
https://www.ncbi.nlm.nih.gov/pubmed/12750544
https://www.ncbi.nlm.nih.gov/pubmed/12750544
https://www.ncbi.nlm.nih.gov/pubmed/25441980
https://www.ncbi.nlm.nih.gov/pubmed/25441980
https://www.ncbi.nlm.nih.gov/pubmed/26509870
https://www.ncbi.nlm.nih.gov/pubmed/26509870
https://www.ncbi.nlm.nih.gov/pubmed/16159908
https://www.ncbi.nlm.nih.gov/pubmed/16159908
https://www.ncbi.nlm.nih.gov/pubmed/16282355
https://www.ncbi.nlm.nih.gov/pubmed/16282355

Ho et al.

Johnston, S. C., Rothwell, P. M., Nguyen-Huynh, M. N., Giles,
M. F., Elkins, J. S., Bernstein, A. L., & Sidney, S. (2007).
Validation and refinement of scores to predict very early
stroke risk after transient ischaemic attack. The Lancet,
369(9558), 283-292. Retrieved from https://www.ncbi.
nlm.nih.gov/pubmed/17258668 doi:10.1016/S0140-
6736(07)60150-0

Khaw, K.-T., Dowsett, M., Folkerd, E., Bingham, S., Warcham,
N., Luben, R., ... Day, N. (2007). Endogenous testoster-
one and mortality due to all causes, cardiovascular disease,
and cancer in men: European Prospective Investigation into
Cancer in Norfolk (EPIC-Norfolk) Prospective Population
Study. Circulation, 116(23), 2694-2701. Retrieved
from https://www.ncbi.nlm.nih.gov/pubmed/18040028
doi:10.1161/CIRCULATIONAHA.107.719005

Lai, S. M., Alter, M., Friday, G., & Sobel, E. (1994). A multi-
factorial analysis of risk factors for recurrence of ischemic
stroke. Stroke, 25(5), 958-962. Retrieved from https:/
www.ncbi.nlm.nih.gov/pubmed/8165690

Liao, P.-W., Wu, C.-C., Chen, K.-C., Jaw, F.-S., Yu, H.-J.,,
Liu, S.-P., & Ho, C.-H. (2016). Testosterone thresh-
old for increased cardiovascular risk in middle-aged and
elderly men: A locally weighted regression analysis. The
Journal of Sexual Medicine, 13(12), 1872—1880. Retrieved
from https://www.ncbi.nlm.nih.gov/pubmed/27843074
doi:10.1016/5.jsxm.2016.10.002

Lozano, R., Naghavi, M., Foreman, K., Lim, S., Shibuya,
K., Aboyans, V., ... Murray, C. J. L. (2012). Global
and regional mortality from 235 causes of death for 20
age groups in 1990 and 2010: A systematic analysis for
the Global Burden of Disease Study 2010. The Lancet,
380(9859), 2095-2128. Retrieved from https:/www.
ncbi.nlm.nih.gov/pubmed/23245604 doi:10.1016/S0140-
6736(12)61728-0

Ohlsson, C., Barrett-Connor, E., Bhasin, S., Orwoll, E., Labrie,
F.,Karlsson, M. K., ... Tivesten, A. (2011). High serum tes-
tosterone is associated with reduced risk of cardiovascular
events in elderly men. The MrOS (Osteoporotic Fractures
in Men) study in Sweden. Journal of the American College
of Cardiology, 58(16), 1674-1681. Retrieved from https://
www.ncbi.nlm.nih.gov/pubmed/21982312  doi:10.1016/j.
jacc.2011.07.019

Pastuszak, A. W., Kohn, T. P., Estis, J., & Lipshultz, L. 1.
(2017). Low plasma testosterone is associated with ele-
vated cardiovascular disease biomarkers. The Journal of
Sexual Medicine, 14(9), 1095-1103. Retrieved from https://
www.ncbi.nlm.nih.gov/pubmed/28757119  doi:10.1016/j.
jsxm.2017.06.015

Pesonen, E., Pussinen, P., & Huhtaniemi, 1. (2016). Adaptation
to acute coronary syndrome-induced stress with lower-
ing of testosterone: A possible survival factor. European
Journal of Endocrinology, 174(4), 481-489. Retrieved
from  https://www.ncbi.nlm.nih.gov/pubmed/26772984
doi:10.1530/EJE-15-0757

Powers, W. J., Derdeyn, C. P., Biller, J., Coffey, C. S., Hoh, B.
L., Jauch, E. C,, ... Yavagal, D. R. (2015). 2015 American
Heart Association/American Stroke Association focused
update of the 2013 guidelines for the early management
of patients with acute ischemic stroke regarding endo-

vascular treatment: A guideline for healthcare profes-
sionals from the American Heart Association/American
Stroke Association. Stroke, 46(10), 3020-3035. Retrieved
from  https://www.ncbi.nlm.nih.gov/pubmed/26123479
doi:10.1161/STR.0000000000000074

Ruige, J. B., Mahmoud, A. M., De Bacquer, D., & Kaufman,
J.-M. (2011). Endogenous testosterone and cardiovascular
disease in healthy men: A meta-analysis. Heart, 97(11),
870-875. Retrieved from https://www.ncbi.nlm.nih.gov/
pubmed/21177660 doi:10.1136/hrt.2010.210757

Serena, J., Segura, T., Roquer, J., Garcia-Gil, M., & Castillo,
J. (2015). The ARTICO study: Identification of patients
at high risk of vascular recurrence after a first non-car-
dioembolic stroke. BMC Neurology, 15, 28. Retrieved
from  https://www.ncbi.nlm.nih.gov/pubmed/25884666
doi:10.1186/s12883-015-0278-4

Shin, D. H., Lee, P. H., & Bang, O. Y. (2005). Mechanisms
of recurrence in subtypes of ischemic stroke: A hospital-
based follow-up study. Archives of Neurology, 62(8),
1232-1237. Retrieved from https://www.ncbi.nlm.nih.gov/
pubmed/16087764 doi:10.1001/archneur.62.8.1232

Shores, M. M., Arnold, A. M., Biggs, M. L., Longstreth, W.
T., Jr., Smith, N. L., Kizer, J. R., ... Matsumoto, A. M.
(2014). Testosterone and dihydrotestosterone and inci-
dent ischaemic stroke in men in the Cardiovascular Health
Study. Clinical Endocrinology, 81(5), 746—753. Retrieved
from  https://www.ncbi.nlm.nih.gov/pubmed/24645738
doi:10.1111/cen.12452

Soisson, V., Brailly-Tabard, S., Helmer, C., Rouaud, O.,
Ancelin, M.-L., Zerhouni, C., ... Scarabin, P.-Y. (2013).
A J-shaped association between plasma testosterone and
risk of ischemic arterial event in elderly men: The French
3C cohort study. Maturitas, 75(3), 282-288. Retrieved
from https://www.ncbi.nlm.nih.gov/pubmed/23706278
doi:10.1016/j.maturitas.2013.04.012

Srinath, R., Gottesman, R. F., Hill Golden, S., Carson, K.
A., & Dobs, A. (2016). Association between endog-
enous testosterone and cerebrovascular disease in the
ARIC Study (Atherosclerosis Risk in Communities).
Stroke, 47(11), 2682-2688. Retrieved from https://
www.ncbi.nlm.nih.gov/pubmed/27729576  doi:10.1161/
STROKEAHA.116.014088

Stanworth, R. D., Kapoor, D., Channer, K. S., & Jones, T. H.
(2009). Statin therapy is associated with lower total but not
bioavailable or free testosterone in men with type 2 diabe-
tes. Diabetes Care, 32(4), 541-546. Retrieved from https://
www.ncbi.nlm.nih.gov/pubmed/19114614  doi:10.2337/
dc08-1183

Toni, D., Di Angelantonio, E., Di Mascio, M. T., Vinisko,
R., & Bath, P. M. W. (2014). Types of stroke recur-
rence in patients with ischemic stroke: A substudy from
the PROFESS trial. International Journal of Stroke, 9(7),
873-878. Retrieved from https://www.ncbi.nlm.nih.gov/
pubmed/24148608 doi:10.1111/ijs.12150

Tsivgoulis, G., Safouris, A., Kim, D.-E., & Alexandrov, A. V.
(2018). Recent advances in primary and secondary pre-
vention of atherosclerotic stroke. Journal of Stroke, 20(2),
145-166. Retrieved from https://www.ncbi.nlm.nih.gov/
pubmed/29886715 doi:10.5853/j0s.2018.00773


https://www.ncbi.nlm.nih.gov/pubmed/17258668
https://www.ncbi.nlm.nih.gov/pubmed/17258668
https://www.ncbi.nlm.nih.gov/pubmed/18040028
https://www.ncbi.nlm.nih.gov/pubmed/8165690
https://www.ncbi.nlm.nih.gov/pubmed/8165690
https://www.ncbi.nlm.nih.gov/pubmed/27843074
https://www.ncbi.nlm.nih.gov/pubmed/23245604
https://www.ncbi.nlm.nih.gov/pubmed/23245604
https://www.ncbi.nlm.nih.gov/pubmed/21982312
https://www.ncbi.nlm.nih.gov/pubmed/21982312
https://www.ncbi.nlm.nih.gov/pubmed/28757119
https://www.ncbi.nlm.nih.gov/pubmed/28757119
https://www.ncbi.nlm.nih.gov/pubmed/26772984
https://www.ncbi.nlm.nih.gov/pubmed/26123479
https://www.ncbi.nlm.nih.gov/pubmed/21177660
https://www.ncbi.nlm.nih.gov/pubmed/21177660
https://www.ncbi.nlm.nih.gov/pubmed/25884666
https://www.ncbi.nlm.nih.gov/pubmed/16087764
https://www.ncbi.nlm.nih.gov/pubmed/16087764
https://www.ncbi.nlm.nih.gov/pubmed/24645738
https://www.ncbi.nlm.nih.gov/pubmed/23706278
https://www.ncbi.nlm.nih.gov/pubmed/27729576
https://www.ncbi.nlm.nih.gov/pubmed/27729576
https://www.ncbi.nlm.nih.gov/pubmed/19114614
https://www.ncbi.nlm.nih.gov/pubmed/19114614
https://www.ncbi.nlm.nih.gov/pubmed/24148608
https://www.ncbi.nlm.nih.gov/pubmed/24148608
https://www.ncbi.nlm.nih.gov/pubmed/29886715
https://www.ncbi.nlm.nih.gov/pubmed/29886715

American Journal of Men’s Health

Wang, A., Arver, S., Flanagan, J., Gyberg, V., Ndsman, P.,
Ritsinger, V., & Mellbin, L. G. (2018). Dynamics of tes-
tosterone levels in patients with newly detected glucose
abnormalities and acute myocardial infarction. Diabetes
and Vascular Disease Research, 15(6), 511-518. Retrieved
from https://www.ncbi.nlm.nih.gov/pubmed/30280926
doi:10.1177/1479164118802543

Wu, F. C. W., Tajar, A., Pye, S. R, Silman, A. J., Finn,
J. D, O’Neill, T. W., ... Vanderschueren, D. (2008).
Hypothalamic-pituitary-testicular  axis disruptions in
older men are differentially linked to age and modifi-
able risk factors:The European Male Aging Study. The
Journal of Clinical Endocrinology & Metabolism, 93(7),
2737-2745. Retrieved from https://www.ncbi.nlm.nih.gov/
pubmed/18270261 doi:10.1210/jc.2007-1972

Yamamoto, H., & Bogousslavsky, J. (1998). Mechanisms
of second and further strokes. Journal of Neurology,

Neurosurgery & Psychiatry, 64(6), 771-776. Retrieved
from https://www.ncbi.nlm.nih.gov/pubmed/9647308
Yeap, B. B., Hyde, Z., Almeida, O. P., Norman, P. E., Chubb, S.
A. P, Jamrozik, K., ... Hankey, G. J. (2009). Lower testos-
terone levels predict incident stroke and transient ischemic
attack in older men. The Journal of Clinical Endocrinology
& Metabolism, 94(7), 2353-2359. Retrieved from https://
www.ncbi.nlm.nih.gov/pubmed/19351733  doi:10.1210/

jc.2008-2416

Zeller, T., Schnabel, R. B., Appelbaum, S., Ojeda, F., Berisha,
F., Schulte-Steinberg, B., ... Karakas, M. (2018). Low tes-
tosterone levels are predictive for incident atrial fibrillation
and ischaemic stroke in men, but protective in women -
results from the FINRISK study. European Journal of
Preventive Cardiology, 25(11), 1133-1139. Retrieved
from  https://www.ncbi.nlm.nih.gov/pubmed/29808758.
doi:10.1177/2047487318778346


https://www.ncbi.nlm.nih.gov/pubmed/30280926
https://www.ncbi.nlm.nih.gov/pubmed/18270261
https://www.ncbi.nlm.nih.gov/pubmed/18270261
https://www.ncbi.nlm.nih.gov/pubmed/9647308
https://www.ncbi.nlm.nih.gov/pubmed/19351733
https://www.ncbi.nlm.nih.gov/pubmed/19351733
https://www.ncbi.nlm.nih.gov/pubmed/29808758

