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Abstract

The effects of testosterone on functional recovery in stroke patients have not previously been studied. 
The purpose of the study was to determine the effects of pre-rehabilitation serum testosterone levels on 
functional recovery in male stroke patients. In total, 111 male stroke patients admitted to our department 
were enrolled in the study (age: 74 ± 10 years, days from stroke onset: 36 ± 14 days). Serum concentra-
tion of free testosterone (Free-T) was measured upon admission. Patients were also evaluated using the 
Functional Independence Measure (FIM) at admission and discharge. The main outcome variable was 
FIM at discharge. Correlations between Free-T and FIM were evaluated using Spearman’s rank-order 
correlation coefficients. We performed multivariate linear regression analysis to assess the effects of tes-
tosterone on functional outcome with adjustment for patient background variables. In addition, we added 
a subgroup analysis based on age. The average Free-T serum concentration was 4.7 ± 1.7 pg/ml. There was 
a significant positive correlation between Free-T and discharge FIM. The multivariate linear regression 
model showed that Free-T concentration was significantly associated with FIM at discharge (β = 0.09; P 
= 0.01). In the subgroup analysis, Free-T had significant association with discharge FIM only in patients 
under 76 years old (β = 0.24; P < 0.001). Our data suggest that serum Free-T levels have a positive effect 
for discharge FIM in male stroke patients.
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Introduction

Serum testosterone levels fall gradually with age.1) 
Testosterone deficiency is associated with low 
physical function,2) diminished activities of daily 
living (ADL),3) lack of motivation, easy fatigability, 
and memory deterioration.4) Testosterone supplemen-
tation is well known to improve muscle strength,5) 
physical function6) in humans, and neuroprotection 
against brain injury in rat models.7) 

Prevalence of late-onset hypogonadism (LOH, also 
referred to as age-associated testosterone deficiency) 
syndrome increases 30% in 70-year-olds and 50% 
in 80-year-olds.8) Many post-stroke rehabilitation 
patients are elderly who may have potential age-
related testosterone deficiencies. In addition, brain 
damage can cause abnormalities in hormone profiles. 
Low levels of testosterone have been reported in 
patients who had suffered from stroke.9) 

Serum testosterone levels likely affect the func-
tional outcome of post-stroke rehabilitation patients. 

However, there have been no previous studies about 
the relationship between testosterone levels and 
functional outcome of stroke rehabilitation patients. 
The purpose of this study was to clarify the effects 
of serum testosterone level on functional recovery 
in male patients post-stroke. 

Methods

I. Subjects
The subjects were male stroke (cerebral hemor-

rhage or infarction) patients undergoing post-stroke 
rehabilitation hospitalized at our Department of 
Rehabilitation Medicine. They were recruited 
over a two-year period starting from April 1, 
2011. Inclusion criteria were as follows: (1) 40–90 
years old, (2) 10–60 days since stroke onset, (3) 
hospital stay of 20–180 days. We excluded patients 
who had recent history of hormonal agents, anti-
depressants, or diuretics. The study was approved 
by the Ethics Committee of our university’s School 
of Medicine.Received February 27, 2014; Accepted May 5, 2014
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II. Measurement of hormonal profiles
Within three days of hospitalization, serum levels 

of free testosterone (Free-T) was measured early in 
the morning. Free-T was measured in 32 patients at 
discharge. Free-T concentration was determined by 
a commercial laboratory using a sensitive radioim-
munoassay (SRL Inc., Tokyo). The normal range of 
Free-T for males aged ≥ 70 years is 4.5–13.8 pg/ml. 
Luteinizing hormone and follicle-stimulating hormone 
were measured in 20 patients randomly.

III. Functional evaluation
The ward nurse assessed the ADL using the Func-

tional Independence Measure (FIM)10) at admission 
(FIMa) and discharge (FIMd). FIM is a functional 
assessment scale with a minimum score of 18 
(complete dependence) and a maximum score of 126 
(complete independence). The difference between 
FIMa and FIMd, FIM gain, was also calculated. 
FIMd was adopted as our primary clinical outcome. 

IV. Statistical analyses
Values are expressed as mean ± standard deviation 

(SD). Correlations between Free-T and FIMa, FIMd, 
and FIM gain were evaluated using Spearman’s rank-
order correlation coefficients. Multiple linear regression 
analysis with a stepwise approach was performed using 
FIMd as the dependent variable, and Free-T, length 
of hospital stay, stroke subtype, days from onset to 
admission, amount of exercise per day, FIMa, age, 
modified Rankin Scale before onset, modified Rankin 
Scale on admission, and stroke lesion side (right or 
left) and type [supratentorial (cortical) or supratentorial 
(subcortical) or subtentorial] as independent variables. 
We performed additional subgroup analyses focusing on 
FIMa and age adjusted with the significant covariates 
from the stepwise analyses. In the analyses, patients 
were separated into upper and lower groups based 
on median FIMa and median age. Statistical analyses 
were performed using SPSS software (ver. 15.0, SPSS 
Inc., Chicago, Illinois, USA). A P-value less than 0.05 
was considered statistically significant.

Results

We recruited 111 male stroke patients in total. 
Table 1 lists the characteristics of the participating 
patients. The average age of patients was 74 years, 
and the mean Free-T concentration was 4.7 pg/ml. 
Luteinizing hormone and follicle-stimulating hormone 
levels in the randomly sampled 20 patients were 
within the normal range for their age group. There 
were no significant difference between admission 
Free-T level and discharge Free-T level in the 32 
patients for whom the latter was sampled.

Table 2 lists the correlation coefficients for Free-T 
concentration versus FIMa, FIMd, and FIM gain: 
there were significant positive correlations for all 
three (r = 0.22, 0.40, and 0.32, respectively).

Table 3 shows the results of our multiple linear 
regression analysis model with a stepwise approach. 
Stroke subtype and amount of exercise were excluded 
from the model. Free-T concentration was identified 
as a significant predictor of FIMd (β = 0.09, P = 
0.01, 95% confidence interval: 0.34–2.60). 

Table 4 shows the results of subgroup analysis by 
FIMa. The median FIMa was 68, and we divided 
patients into a lower FIM group (< 68) and a higher 
FIM group (≥ 68). Free-T concentration was signifi-
cantly associated with FIMd in both groups.

Table 1 Patient characteristics 

Patients (n = 111)

Age (years) 74.0 ± 9.5

Days from stroke onset (days) 35.6 ± 14.3

Length of stay (days) 66.8 ± 37.1

Stroke subtype (%)

 Cerebral infarction 82 (74)

 Atherothrombotic infarction 27 (24)

 Cardiogenic embolism 20 (18)

 Lacunar infarction 25 (23)

 Others 10 (9)

 Cerebral hemorrhage 29 (26)

 Putamen hemorrhage 14 (13)

 Thalamic hemorrhage 10 (9)

 Others  5 (5)

Lesion side (%)

 Right 63 (57)

 Left 48 (43)

Lesion site (%)

 Supratentorial (cortical) 32 (29)

 Supratentorial (subcortical) 54 (48)

 Subtentorial 25 (23)

Free-T (pg/ml) 4.7 ± 1.7

Modified Rankin Scale before onset 0.29 ± 0.73

Modified Rankin Scale on admission 3.30 ± 1.46

Admission FIM 68.2 ± 26.9

Discharge FIM 85.9 ± 26.8

FIM gain 17.7 ± 15.9

Amount of exercise (minutes) 48.1 ± 16.2

Values are mean ± standard deviation (SD) or number 
(percentage) of patients. FIM: Functional Independence 
Measure, Free-T: free testosterone.
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Table 5 shows the results of subgroup analysis 
by age. Based on the median age (76 years), we 
divided patients into a younger group (< 76 years) 
and an older group (≥ 76 years). Free-T concentra-
tion had a significant association with FIMd only 
in the under-76 group (β = 0.24; P < 0.001); there 
was none for the over-76 group (P = 0.15).

Discussion

In the present study, we used multiple regression 
analysis to clarify the effect of Free-T on FIMd in 
male stroke patients. Our results showed that Free-T 
levels upon admission were significantly associated 
with FIMd after adjustment for all covariates. The 
subgroup analysis further specified the nature of this 
trend, suggesting it applied only to stroke patients 
under 76 years old. 

Pan et al. suggested a potential therapeutic role for 
testosterone in stroke recovery using a rat model.11) 
To our knowledge, however, there have been no 
previous studies investigating the relationship 
between testosterone and FIMd in stroke patients. 
The novelty of this study was focusing role of 
testosterone in a stroke recovery setting.

There have been no previous studies that linked 
stroke onset to decreased Free-T levels. It is possible 
that stroke damages the hypothalamic–pituitary–
gonadal axis. On the other hand, Yeap et al. reported 
low testosterone levels have been linked to stroke 
risk.12) The fact that many stroke patients exhibited 
decreased testosterone levels in our study is a reason-
able observation, whichever causal direction is true.

Free-T level on admission correlated significantly 
with FIMa, FIMd, and FIM gain. In addition, 
Free-T level on admission correlated with FIMd 
even after adjustment with covariates. Severity of 
neurological deficits due to stroke may be related 
to testosterone concentrations, FIMd, and FIM gain. 
Several groups have elucidated positive effects of 
testosterone in improving psychosomatic function.5,6) 
Testosterone therapy has also been reported to 
improve physical function in cardiac rehabilita-
tion patients13) and frail elderly patients.14) These 
beneficial effects attributed to Free-T were probably 
helpful in patients’ functional recovery. However, 
Free-T levels were not associated with FIMd in 
the over-76 group. Testosterone levels naturally 
decline with age, and so they were very low in 
our older patients. The importance of testosterone 
disappeared when Free-T levels decreased below 
a certain threshold. 

According to past experimental findings, testos-
terone replacement therapy can potentially enhance 
rehabilitation effectiveness, including in post-stroke 

Table 5 Age subgroup analysis for prediction of discharge 
FIM

 
Under 76 years old  

(n = 55)
Over 76 years old  

(n = 56)

β P 95%CI β P 95% CI

Free-T 
(pg/ml) 0.24 0.00 3.07, 6.94 0.08 0.15 –0.36, 2.25

CI: confidence interval, FIM: Functional Independence 
Measure, Free-T: free testosterone, β: standard partial regression 
coefficient.

Table 4 Admission FIM subgroup analysis for prediction 
of discharge FIM 

 
Under-68 admission 

FIM (n = 56)
Over-68 admission 

FIM (n = 55)

β P 95%CI β P 95% CI

Free-T 
(pg/ml) 0.18 0.01 0.74, 5.25 0.25 0.00 0.74, 2.46

CI: confidence interval, FIM: Functional Independence 
Measure, Free-T: free testosterone, β: standard partial regression 
coefficient.

Table  2 Correlation coefficients between free testosterone 
and Functional Independence Measure

  Admission 
FIM 

Discharge 
FIM FIM gain

Free-T (pg/ml) 0.22  
(P = 0.023)

0.40  
(P < 0.01)

0.32  
(P < 0.01)

FIM: Functional Independence Measure, Free-T: free tes-
tosterone.

Table 3 Multiple linear regression analysis model for 
prediction of discharge FIM

  B SE β P 95% CI

Free-T (pg/ml) 1.47 0.57 0.09 0.01 0.34, 2.60

Modified Rankin 
Scale on admission

–5.76 1.08 –0.29 0.00 –7.91, –3.61

Admission FIM 0.63 0.06 0.63 0.00 0.52, 0.74

Age (years) –0.35 0.11 –0.12 0.00 –0.56, –0.14

Length of hospital 
stay (days)

0.13 0.03 0.18 0.00 0.08, 0.18

Days from stroke 
onset (days)

–0.25 0.07 –0.14 0.00 –0.39, –0.12

Amount of exercise 
(minutes)

2.43 1.15 0.07 0.04 0.15, 4.70

R2: 0.88, by ANOVA. B: regression coefficient, CI: confidence 
interval, FIM: Functional Independence Measure, Free-T: 
free testosterone, SE: standard error of regression coefficient,  
β: standard partial regression coefficient.
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 6) Travison TG, Basaria S, Storer TW, Jette AM, Miciek 
R, Farwell WR, Choong K, Lakshman K, Mazer 
NA, Coviello AD, Knapp PE, Ulloor J, Zhang A, 
Brooks B, Nguyen AH, Eder R, LeBrasseur N, Elmi 
A, Appleman E, Hede-Brierley L, Bhasin G, Bhatia 
A, Lazzari A, Davis S, Ni P, Collins L, Bhasin S: 
Clinical meaningfulness of the changes in muscle 
performance and physical function associated with 
testosterone administration in older men with 
mobility limitation. J Gerontol A Biol Sci Med Sci 
66: 1090–1099, 2011

 7) Persky RW, Liu F, Xu Y, Weston G, Levy S, Roselli 
CE, McCullough LD: Neonatal testosterone exposure 
protects adult male rats from stroke. Neuroendocri-
nology 97: 271–282, 2013

 8) Wu FC, Tajar A, Beynon JM, Pye SR, Silman AJ, Finn 
JD, O’Neill TW, Bartfai G, Casanueva FF, Forti G, 
Giwercman A, Han TS, Kula K, Lean ME, Pendleton 
N, Punab M, Boonen S, Vanderschueren D, Labrie 
F, Huhtaniemi IT; EMAS Group: Identification of 
late-onset hypogonadism in middle-aged and elderly 
men. N Engl J Med 363: 123–135, 2010

 9) Jeppesen LL, Jørgensen HS, Nakayama H, Raaschou  
HO, Olsen TS, Winther K: Decreased serum testos-
terone in men with acute ischemic stroke. Arterioscler 
Thromb Vasc Biol 16: 749–754, 1996

 10) Keith RA, Granger CV, Hamilton BB, Sherwin FS: 
The functional independence measure: a new tool 
for rehabilitation. Adv Clin Rehabil 1: 6–18, 1987

 11) Pan Y, Zhang H, Acharya AB, Patrick PH, Oliver 
D, Morley JE: Effect of testosterone on functional 
recovery in a castrate male rat stroke model. Brain 
Res 1043: 195–204, 2005

 12) Yeap BB, Hyde Z, Almeida OP, Norman PE, Chubb 
SA, Jamrozik K, Flicker L, Hankey GJ: Lower testos-
terone levels predict incident stroke and transient 
ischemic attack in older men. J Clin Endocrinol 
Metab 94: 2353–2359, 2009

 13) Stout M, Tew GA, Doll H, Zwierska I, Woodroofe 
N, Channer KS, Saxton JM: Testosterone therapy 
during exercise rehabilitation in male patients with 
chronic heart failure who have low testosterone 
status: a double-blind randomized controlled feasi-
bility study. Am Heart J 164: 893–901, 2012

 14) Atkinson RA, Srinivas-Shankar U, Roberts SA, 
Connolly MJ, Adams JE, Oldham JA, Wu FC, Seynnes 
OR, Stewart CE, Maganaris CN, Narici MV: Effects 
of testosterone on skeletal muscle architecture in 
intermediate-frail and frail elderly men. J Gerontol 
A Biol Sci Med Sci 65: 1215–1219, 2010

 15) Iwamoto T, Yanase T, Horie H, Namiki M, Okuyama 
A: Late-onset hypogonadism (LOH) and androgens: 
validity of the measurement of free testosterone 
levels in the diagnostic criteria in Japan. Int J Urol 
16: 168–174, 2009

 16) Stout M, Tew GA, Doll H, Zwierska I, Woodroofe 
N, Channer KS, Saxton JM: Testosterone therapy 
during exercise rehabilitation in male patients with 

rehabilitation.15) However, based on the reported 
side effects of such supplementation, such as liver 
failure and polycythemia,16) it is necessary to care-
fully monitor patients during treatment.

The present study had some limitations. First, 
since hormone levels were not measured at the 
time of stroke onset, the extent of the effect of 
the stroke itself on any hormonal abnormalities is 
unknown. Second, we did not perform hormone-
loading tests in the present study; we suggest such 
testing should be conducted in the future. Third, 
bioavailable testosterone is difficult to measure in 
Japan technologically, and so we were only able to 
assess Free-T. However, Free-T is known to corre-
late well with bioavailable testosterone.17) Thus, we 
suggest it is a viable alternative to use Free-T as an 
indicator for the prediction of bioavailable testos-
terone levels. Fourth, we did not measure baseline 
Free-T values before stroke onset. 

In conclusion, our study demonstrated a significant 
relationship between Free-T serum levels and post-
stroke functional recovery. These findings suggest 
the importance of Free-T in the functional recovery 
of older male stroke patients.
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