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Context: Lower circulating testosterone concentrations are associated with metabolic syndrome,
type 2 diabetes, carotid intima-media thickness, and aortic and lower limb arterial disease in men.
However, it is unclear whether lower testosterone levels predict major cardiovascular events.

Objective: We examined whether lower serum testosterone was an independently significant risk
factor for symptomatic cerebrovascular events in older men.

Design: This was a prospective observational study with median follow-up of 3.5 yr.

Setting: Community-dwelling, stroke-free older men were studied.

Participants: A total of 3443 men at least 70 yr of age participated in the study.

Main Outcome Measures: Baseline serum total testosterone, SHBG, and LH were assayed. Free
testosterone was calculated using mass action equations. Incident stroke or transient ischemic
attack (TIA) was recorded.

Results: A first stroke or TIA occurred in 119 men (3.5%). Total and free testosterone concentrations
in the lowest quartiles (�11.7 nmol/liter and �222 pmol/liter) were associated with reduced event-free
survival (P � 0.014 and P � 0.01, respectively). After adjustment including age, waist-hip ratio, waist
circumference, smoking, hypertension, dyslipidemia, and medical comorbidity, lower total testoster-
one predicted increased incidence of stroke or TIA (hazard ratio � 1.99; 95% confidence interval,
1.33–2.99). Lower free testosterone was also associated (hazard ratio � 1.69; 95% confidence interval,
1.15–2.48), whereas SHBG and LH were not independently associated with incident stroke or TIA.

Conclusions: In older men, lower total testosterone levels predict increased incidence of stroke or
TIA after adjusting for conventional risk factors for cardiovascular disease. Men with low-normal
testosterone levels had increased risk. Further studies are warranted to determine whether inter-
ventions that raise circulating testosterone levels might prevent cerebrovascular disease in men.
(J Clin Endocrinol Metab 94: 2353–2359, 2009)

Most circulating testosterone is bound to SHBG or albumin,
with a small fraction of unbound or free testosterone.

Among men, both total and free testosterone levels decline with
increasing age, and the decline is steeper for free compared with

total testosterone (1, 2). This characteristic hormonal change of
male aging is of interest because lower testosterone concentra-
tions have been associated with increased incidence of metabolic
syndrome and type 2 diabetes in middle-aged and older men
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(3–6). Additionally, lower testosterone levels are associated with
carotid intima-media thickness, lower extremity peripheral ar-
terial disease, and aortic atherosclerosis (7–10). However, de-
spite the relationship between lower testosterone levels and con-
ditions associated with either the increased risk or presence of
atherosclerosis, it is unclear whether lower testosterone levels
independently predict morbidity and mortality from cardiovas-
cular disease. In studies of middle-aged and older men, low total
or free testosterone concentrations were associated with higher
overall mortality and with mortality from cardiovascular, can-
cer, and respiratory causes (11–13). However, other studies have
reported negative or conflicting findings (14–16). Furthermore,
it is not clear whether lower testosterone levels are associated
with nonfatal cardiovascular events (17).

In cross-sectional and longitudinal observational studies, re-
verse causation needs to be considered because systemic illness
can result in lower testosterone levels (18). Therefore it is pos-
sible that lower testosterone levels might be a marker for, rather
than a cause of, subsequent poorer health outcomes in older men,
which could account for its association with overall mortality
rather than morbidity and mortality due to cardiovascular dis-
ease. Existing randomized trials of testosterone therapy in men
have not been designed or powered to detect treatment-related
differences in cardiovascular outcomes (19–22). Thus, addi-
tional data addressing the key question of whether lower testos-
terone concentrations are an independently significant risk fac-
tor for vascular events in each of the cerebral, coronary, and
peripheral arterial circulations would inform planning of inter-
vention trials exploring cardiovascular outcomes. We sought to
test the hypothesis that in community-dwelling older men, lower
testosterone levels are independently associated with higher in-
cidence of stroke and transient ischemic attack (TIA).

Subjects and Methods

Study population
The origins and characteristics of the Health In Men Study (HIMS)

have been described in depth elsewhere (23). Briefly, between October
2001 and August 2004, a total of 4263 community-dwelling men par-
ticipated in the study by completing a health questionnaire and providing
an early morning blood sample for analysis of biochemistry and hormone
levels. Available sera were assayed to provide hormone data for 4165
men. After exclusion of men receiving hormonal therapy, men receiving
any form of testosterone supplementation and those with prostate can-
cer, there were hormone results for 3638 men available for analysis (24).
Of these men, a further 195 were excluded because they had a prior
diagnosis of stroke or TIA, leaving 3443 men to be included in the lon-
gitudinal analysis. Height (in centimeters), weight (in kilograms), girth at
hips and waist (in centimeters), and blood pressure were measured using
standard procedures. Physical activity and alcohol use had been ascer-
tained by questionnaire previously (23). The Human Research Ethics
Committee of the University of Western Australia approved the study
protocol, and all participants provided written informed consent.

Assessment of medical comorbidity
We used the Charlson weighted index (25) to determine the presence

of significant medical comorbidity in our sample. This takes into account
17 common medical conditions that predict 1-yr mortality: myocardial
infarction, congestive heart failure, peripheral arterial disease, cerebro-

vascular disease, dementia, chronic pulmonary disease, connective tissue
disease, ulcer disease, liver disease, diabetes (including diabetes with end
organ damage), hemiplegia, renal disease, leukemia, lymphoma, other
tumors, metastatic tumors, and AIDS. Medical diagnoses are weighted
for severity and summed to provide a weighted index of medical comor-
bidity. For this purpose, administrative medical information was ob-
tained from the Western Australian Data Linkage System (WADLS) (26).
Briefly, WADLS links together records from the Mental Health Infor-
mation System, cancer register, death register, and hospital morbidity
data (which includes codes for multiple medical diagnoses for all admis-
sions to private and public hospitals). Data were collected from 1990 to
the time of blood sampling, providing a measure of recent comorbidity.
Coding algorithms to define medical comorbidities followed the proce-
dures described by Quan et al. (27) and were calculated using Stagg’s
Charlson index Stata routine (StataCorp, College Station, TX).

Identification of men with incident stroke or TIA
We followed participants using the WADLS between baseline assess-

ment and December 31, 2006. Men who were admitted to hospital with
a first-ever recorded diagnosis of stroke or TIA during follow-up were
identified according to the following ICD-10 diagnostic codes: H34.1,
central retinal artery occlusion; I60, subarachnoid hemorrhage; I61, in-
tracerebral hemorrhage; I63, cerebral infarction; I64, stroke, not spec-
ified as hemorrhage or infarction; and G45, transient cerebral ischemic
attacks and related syndromes.

Laboratory assays
Blood samples were collected between 0800 and 1030 h. Serum was

prepared immediately after phlebotomy and stored at �80 C until as-
sayed. Biochemical and hormone assays were performed in the Biochem-
istry Department, PathWest, Royal Perth Hospital, Western Australia.
Serum total testosterone, SHBG, and LH were determined by chemilu-
minescent immunoassays on an Immulite 2000 analyzer (Diagnostic
Products Corp.- Biomediq, Doncaster, Australia). Between-day impre-
cision (coefficient of variation) for testosterone was 11.2% at 7.2 nmol/
liter and 8.9% at 18 nmol/liter; for SHBG, 6.7% at 5.2 nmol/liter and
6.2% at 81 nmol/liter; and for LH, 6.4% at 2.3 IU/liter and 5.8% at 19
IU/liter. The working range of the testosterone assay was 0.7–55 nmol/
liter; the sensitivities of the SHBG and LH assays were 2 nmol/liter and
0.1 IU/liter, respectively. The established reference intervals for these
assays are total testosterone, 8–35 nmol/liter; SHBG, 10–70 nmol/liter;
and LH, 1–8 IU/liter. Fasting serum glucose, total and high-density li-
poprotein (HDL) cholesterol, and triglycerides were assayed using a
Roche Hitachi 917 analyzer (Roche Diagnostic GmbH, Mannheim, Ger-
many). Between-day imprecision for glucose was 2.9% at 4.8 mmol/liter
and 2.2% at 15.2 mmol/liter; for cholesterol, 2.3% at 3.2 mmol/liter and
2.1% at 6.7 mmol/liter; for HDL, 2.4% at 0.8 mmol/liter and 2.5% at
1.7 mmol/liter; and for triglycerides, 4.8% at 0.9 mmol/liter and 2.4%
at 2.0 mmol/liter. Free testosterone was calculated using mass action
equations as described by Vermeulen et al. (28).

Definition of hypertension and dyslipidemia
Hypertension was defined as a recorded blood pressure of at least

140/90 mm Hg or having a diagnosis of hypertension or receiving treat-
ment for high blood pressure. Dyslipidemia was defined as having HDL
below 0.9 mmol/liter, low-density lipoprotein of at least 3.4 mmol/liter,
triglycerides of at least 1.8 mmol/liter, or total cholesterol of at least 5.5
mmol/liter, or receiving lipid-lowering therapy.

Statistical analysis
Data were analyzed using the statistical software packages Stata ver-

sion 10 (StataCorp) and SPSS version 15 (SPSS Inc., Chicago, IL). Group
comparisons were performed using either Student’s t test or the Mann-
Whitney test in the case of nonparametrically distributed variables.
Kaplan Meier plots were constructed to show stroke and TIA-free sur-
vival according to quartiles of baseline total testosterone, free testoster-
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one, SHBG, and LH, and comparisons made using the log-rank test. Cox
regression (proportional hazards model) was performed to analyze the
association between baseline hormone values and time to first stroke/
TIA, including adjustment for potential confounders and for known
cardiovascular risk factors. Total and free testosterone, SHBG, and LH
met the criteria for use of the proportional hazards model. All P values
were two-tailed, with a level of � 0.05 considered significant.

Results

Incident stroke and TIA occurring during follow-up
Median (interquartile range) duration of follow-up was 3.5

(2.8–4.2) yr. Five men had a fatal first stroke, and 114 men had
a nonfatal first stroke or TIA, representing 3.5% of the cohort.
The frequency of specific diagnoses is shown in Table 1. The
majority of events were cerebral infarction, stroke not specified
as hemorrhage or infarction, and TIA.

Characteristics of men who experienced a first
stroke or TIA

Baseline characteristics of the 3443 men grouped according to
whether or not a stroke or TIA occurred during follow-up are
shown in Table 2. Men who experienced a first stroke or TIA
during follow-up were older than men who did not. Although
baseline total and free testosterone levels were lower in men
who experienced a first stroke or TIA, only free testosterone
levels were significantly different (260 � 84 vs. 280 � 97
pmol/liter; P � 0.03).

Stroke and TIA-free survival according to baseline
hormone levels

Men were stratified according to quartiles of baseline total
testosterone, calculated free testosterone, SHBG, and LH. There
was not a dose-response gradient across quartiles of total or free
testosterone (Fig. 1). The occurrence of stroke or TIA was eval-
uated in men with total testosterone, free testosterone, and
SHBG in the lowest quartile of values compared with the three
remainingquartiles.Menwith lower total testosteroneor lower free
testosterone had significantly lower stroke and TIA-free survival
with P � 0.014 and P � 0.01, respectively (Supplemental Fig. 1, A
and B, published as supplemental data on The Endocrine Society’s
Journals Online web site at http://jcem.endojournals.org). Lower
SHBG did not discriminate for stroke and TIA-free survival (Sup-
plemental Fig. 1C). Because an elevated LH is indicative of pri-
mary gonadal failure, men with LH in the highest quartile of
values were compared with the lowest three quartiles. There was
no difference in event-free survival in men with higher LH
(Supplemental Fig. 1D).

Multivariate analysis of hormonal predictors for incident
stroke/TIA

To evaluate independent associations between hormone val-
ues and incident stroke or TIA, age, waist-hip ratio, waist cir-
cumference, medical comorbidity (Charlson index), smoking
status, presence or absence of diabetes, exercise history, past
alcohol intake, use of aspirin or clopidogrel, and the presence of
hypertension and dyslipidemia were accommodated in the mul-
tivariate model (Table 3). A total testosterone level in the lowest
quartile (�11.7 nmol/liter) predicted incident stroke or TIA with
a hazard ratio (HR) of 1.99. Men with free testosterone in the
lowest quartile (�222 pmol/liter) were also at increased risk of
stroke or TIA, with a HR of 1.69. Neither lower SHBG nor higher
LH predicted incident stroke or TIA. There was negligible change
in these results when adjustment was made for BMI in place
of waist circumference, or when blood pressure and lipid val-
ues were considered as continuous variables (data not shown).

Stratification of testosterone concentration
To determine whether the higher HR for incident stroke or

TIA in men with total testosterone in the lowest quartile of values

TABLE 1. Frequency of specific nonfatal events

ICD code Diagnosis n

H34.1 Central retinal artery occlusion 2
I60 Subarachnoid hemorrhage 3
I61 Intracerebral hemorrhage 8
I63 Cerebral infarction 53
I64 Stroke, not specified as

hemorrhage or infarction
21

G45 Transient cerebral ischemic attacks
and related syndromes

27

Five men experienced a fatal first stroke, and 114 men experienced a nonfatal
first stroke or TIA during follow-up.

TABLE 2. Baseline characteristics of men who experienced a first stroke or TIA during follow-up compared with men who did not

� Stroke/TIA (n � 119) No stroke/TIA (n � 3324) P value

Age (yr) 78.4 (76.0–81.2) 76.1 (74.0–79.0) �0.001
Waist-hip ratio 0.97 � 0.06 0.97 � 0.07 0.98
Charlson index (%) 0:56, 1–2:34, 3–4:6, �5:4 0:63, 1–2:27, 3–4:7, �5:3 0.41
Smoker (%) No:33, Ex:61, Yes:5a No:34, Ex:61, Yes:5 0.96
Hypertension (%) 71 76 0.23
Dyslipidemia (%) 75 76 0.75
Diabetes (%) 12 15 0.32
Glucose (mmol/liter) 5.3 (5.0–5.9) 5.4 (5.0–5.9) 0.18
Total testosterone (nmol/liter) 14.5 � 5.1 15.5 � 5.6 0.07
Free testosterone (pmol/liter) 260 � 84 280 � 97 0.03
SHBG (nmol/liter) 42.8 � 14.3 42.3 � 16.8 0.75
LH (IU/liter) 4.6 (3.4–7.1) 4.3 (3.0–6.5) 0.08

Data are shown as median (interquartile range), percentage of men in each category, or mean � SD.
a Percentages do not add up to 100 because one man did not answer the question on smoking status.
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was accounted for solely by increased risk in men with unequiv-
ocally low levels of total testosterone, a further multivariate anal-
ysis was conducted. Men with total testosterone below 8 nmol/
liter had HR � 1.39 [95% confidence interval (CI), 0.64–3.02]
for incident stroke or TIA (seven of 172 men). By contrast, men
with low to normal total testosterone levels (�8 and �11.7
nmol/liter) had HR � 2.08 (95% CI, 1.35–3.20) for incident
stroke or TIA (32 of 664 men) in the adjusted model, compared
with men with total testosterone of at least 11.7 nmol/liter.

Discussion

The key finding in our study was that lower total testosterone
levels at baseline predicted a higher incidence of stroke or TIA in
community-dwelling older men after adjustment for potential
confounders and known risk factors for cardiovascular disease.
There was a comparable association between lower free testos-

terone levels and increased risk of stroke or
TIA. Men with total testosterone less than 8
nmol/liter did not show a statistically signif-
icant increased risk of stroke/TIA, possibly
due to the smaller number of men and lower
number or events seen in this group. How-
ever, men with total testosterone less than
11.7 nmol/liter as a whole had a higher in-
cidence of stroke or TIA. Thus, this in-
creased risk was not confined to men with
unequivocally low testosterone levels, but it
involved men with values in the lowest quar-
tile. The absence of a dose-response gradient
across all four quartiles of total or free tes-
tosterone is not in keeping with the causal
criteria described by Hill, because one would
anticipate that progressively lower concen-
trations of total or free testosterone would
be associated with increasing incidence of
cerebrovascular events. Our results suggest
that if total or free testosterone were causally
related to strokes or TIAs, then the relation-
ship between the two would not be subject to
gradient but rather to threshold effect (i.e. a
minimum concentration of testosterone would

need to be achieved before a substantial increase in the risk of
strokes/TIAs became apparent). The existence of such a thresh-
old effect is a potential limitation of the Hill criteria, as acknowl-
edged by others (29), and highlights the difficulties of inferring
causality from observational data. These results support the hy-
pothesis that reduced circulating androgens are independently
associated with higher incidence of clinically significant cardio-
vascular disease-related events during male aging, and the con-
cept that preserving circulating testosterone in older men might
reduce their burden of ill health.

Previous studies have reported associations between lower
testosterone and surrogate markers of cardiovascular disease,
including presence or incidence of metabolic syndrome and di-
abetes, higher carotid intima-media thickness, reduced ankle-
brachial index, and presence of calcified aortic atheroma (3–10).
In longitudinal studies, lower total testosterone levels predicted
increased overall mortality in men aged 40 yr and above (11–13).
However, the increase in mortality was related not only to car-
diovascular disease, but also to cancer (12) and respiratory con-
ditions (13). In other studies of men aged 61–87, 45–59, and
40–70 yr, lower total testosterone was not associated with in-
creased mortality (14–16). Instead, higher free testosterone was
associated with mortality from ischemic heart disease (16). One
recent study found that in men 65 yr and older, only those with
testosterone, IGF-I, and dehydroepiandrosterone sulfate in the
lowest quartiles of values had higher mortality, whereas lower
testosterone levels alone did not predict mortality in the fully
adjusted analysis (30). Therefore, it was unclear whether the
relationship between lower testosterone levels and conditions
associated with cardiovascular disease translates into an excess
of clinically significant cardiovascular events that would warrant
preventive intervention. In a prospective study of 2084 middle-

FIG. 1. Kaplan Meier plots showing associations between baseline hormone levels (shown in quartiles)
with stroke and TIA-free survival in community-dwelling older men. A, Total testosterone; B, free
testosterone; C, SHBG; D, LH.

TABLE 3. Cox regression analyses of baseline hormone
concentrations as predictors of incident stroke or TIA in
community-dwelling older men

HRa 95% CI P value

Lower total testosterone
(�11.7 nmol/liter)

1.99 1.33–2.99 0.001

Lower free testosterone
(�222 pmol/liter)

1.69 1.15–2.48 0.008

Lower SHBG (�31.4 nmol/liter) 1.23 0.77–1.95 0.382
Higher LH (�6.55 IU/liter) 1.09 0.73–1.63 0.677

a Adjusted for age, waist-hip ratio, waist circumference, medical comorbidity
(Charlson index), smoking status, presence or absence of diabetes, exercise
history, past alcohol intake, use of aspirin or clopidogrel, and the presence of
hypertension and dyslipidemia.
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aged men without cardiovascular disease at baseline, testoster-
one levels did not predict incidence of cardiovascular disease
from coronary, cerebrovascular, or peripheral vascular disease
or heart failure (17). However, that study was smaller and in-
volved a cohort of middle-aged men, in contrast to our findings
in a larger study of older men. Our findings also contrast with the
report by Abbott et al. (31) of 2197 men aged 71–93 yr from the
Honolulu-Asia Aging Study. In that study, stroke risk varied
negligibly from lowest to highest quintiles of total testosterone,
from 10.4/1000 person-years for testosterone no greater than 12
nmol/liter to 9.0/1000 for testosterone above 21.5 nmol/liter.
Possible explanations for this discrepancy may involve the
smaller size of the study or the differences in ethnicity between
the two populations because Abbott et al. (31) studied a cohort
of men with Japanese ancestry, whereas the Health In Men Study
cohort is predominantly Caucasian (23). Thus, our data support
lower total testosterone concentration as a marker of increased
cardiovascular risk in older men, and for the first time confirm
its role as an independent predictor of clinically significant events
in the cerebral vascular territory. Further studies are required to
examine the hypothesis that interventions which raise testoster-
one levels in older men might protect against the incidence of
stroke and TIA.

Strengths of this study include the large sample size, the lon-
gitudinal nature of the analysis, the focus on older men, and the
fact that men were community-dwelling and not selected on the
basis of an existing medical condition. Furthermore, because
severe illness can result in reduced testosterone levels (18), we
adjusted for medical comorbidity in the analysis and excluded
men with prior stroke or TIA to address the potential issue of
reverse causation. We used data linkage encompassing mortality
and hospital morbidity databases to track the occurrence of
stroke or TIA in this cohort (26). Therefore, all the nonfatal
events analyzed were of sufficient severity to necessitate hospital
admission.

Limitations of our study include the use of a single blood
sample and our lack of opportunity to gather multiple samples
for serial hormone assays. In the study by Abbott et al. (31), men
in the top quintile of serum estradiol experienced a 2-fold excess
risk of stroke compared with men in the lower four quintiles.
Thus Abbott et al. (31) found that higher estradiol levels were
associated with increased risk of stroke, whereas testosterone
levels were not, calling into question the potential value of hor-
mone supplementation in this setting. In that study, estradiol and
testosterone were assayed by quantitative competitive immuno-
assay using an Immulite 2000 analyzer. The Immulite 2000 plat-
form was also used in our study, and it provides an acceptable
measurement of serum testosterone in men (32, 33). However,
because we did not measure serum estradiol, we are unable to
clarify this issue further. It should also be remembered that dif-
ferent testosterone assays may give varying results, and calcula-
tion of free testosterone may not provide an exact estimate of
circulating free testosterone measured by equilibrium dialysis
(34, 35). However, these methods have been used extensively in
large studies where measurement of total testosterone by mass
spectrometry and free testosterone by equilibrium dialysis might
be impractical. Finally, only a minority of the men experienced

a first stroke or TIA during the period of the study. Therefore,
there is a possibility that the results could change as additional
events occur during extended follow-up of this cohort into the
future.

In our study, both lower total and free testosterone indepen-
dently predicted incident stroke or TIA. There was no associa-
tion between lower SHBG and incident stroke or TIA. Also, we
did not find any relationship between higher LH and incident
stroke or TIA, despite low testosterone levels operating as a feed-
back mechanism to stimulate LH production in normal physi-
ology (18). This could be accounted for by the fact that many
older men with low testosterone levels would not exhibit ele-
vated LH because aging is associated with both reduced testic-
ular responses to LH and incomplete hypothalamo-pituitary
compensation for the fall in total and free testosterone levels (36).

Putative mechanisms by which lower testosterone levels
could contribute to an increased burden of cardiovascular dis-
ease range from the loss of beneficial effects of testosterone on
endothelial function and vasodilation to epidemiological corre-
lations between testosterone and more favorable lipid profiles
(18, 37, 38). In a castrated rat model, testosterone treatment
enhanced recovery from stroke, supporting in a different context
a potential beneficial effect of testosterone on neurological func-
tion (39). Lower testosterone is also associated with higher body
mass index and fat mass, which are recognized cardiovascular
risk factors, and testosterone replacement therapy in hypogo-
nadal men reduces circulating inflammatory cytokines (40).
Overviews of randomized controlled trials have not shown a
benefit of testosterone supplementation in cardiovascular risk
reduction, but these studies were not designed or powered to
detect this outcome (19–22). At present, testosterone therapy
should only be offered to men who meet accepted diagnostic
criteria for the diagnosis of androgen deficiency, including symp-
toms suggestive of hypogonadism and confirmed low testoster-
one levels measured in early morning blood samples (41, 42). The
exact threshold for defining a “low” testosterone level is subject
of debate. A threshold of less than 10.4 nmol/liter has been pro-
posed, below which a diagnosis of androgen deficiency could be
considered (41). A recent consensus statement suggests that men
with total testosterone levels above 12 nmol/liter generally
would not require testosterone supplementation, whereas men
with levels consistently less than 8 nmol/liter should be consid-
ered for testosterone treatment (42). Therefore, we tested the a
priori hypothesis that men with total testosterone in the lowest
quartile of values (�11.7 nmol/liter) would have increased risk
of stroke/TIA. We subsequently stratified these men into those
with levels below 8 nmol/liter and those with levels of at least 8
and less than 11.7 nmol/liter to determine whether the increased
risk of stroke/TIA was confined to men with unequivocally low
total testosterone levels or spread among the men in the lowest
quartile. Importantly, our findings indicate that men with total
testosterone levels that are not unequivocally low (�8 nmol/liter
and �11.7 nmol/liter) have an increased incidence of stroke or
TIA. Therefore, planning of prospective studies to clarify the
issue of whether interventions that raise testosterone levels could
prevent cardiovascular events in aging men should give partic-
ular consideration to men with low to normal testosterone levels.
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In summary, lower total testosterone levels predict higher
incidence of stroke or TIA in community-dwelling older men
after adjustment for potential confounders and conventional risk
factors for cardiovascular disease. The higher risk of these cere-
brovascular events is not limited to men with unequivocally low
total testosterone levels, but is present in men with low to normal
testosterone concentrations. Further studies are needed to de-
termine whether interventions that raise testosterone levels could
prevent cerebrovascular disease in aging men.
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7. Mäkinen J, Järvisalo MJ, Pöllänen P, Perheentupa A, Irjala K, Koskenvuo M,
Mäkinen J, Huhtaniemi I, Raitakari OT 2005 Increased carotid atherosclerosis
in andropausal middle-aged men. J Am Coll Cardiol 45:1603–1608

8. van den Beld AW, Bots ML, Janssen JA, Pols HA, Lamberts SW, Grobbee DE
2003 Endogenous hormones and carotid atherosclerosis in elderly men. Am J
Epidemiol 157:25–31

9. Tivesten A, Mellström D, Jutberger H, Fagerberg B, Lernfelt B, Orwoll E,
Karlsson MK, Ljunggren O, Ohlsson C 2007 Low serum testosterone and high
serum estradiol associate with lower extremity peripheral arterial disease in
elderly men. J Am Coll Cardiol 50:1070–1076

10. Hak AE, Witteman JC, de Jong FH, Geerlings MI, Hofman A, Pols HA 2002
Low levels of endogenous androgens increase the risk of atherosclerosis in
elderly men: the Rotterdam Study. J Clin Endocrinol Metab 87:3632–3639

11. Shores MM, Matsumoto AM, Sloan KL, Kivlahan DR 2006 Low serum tes-
tosterone and mortality in male veterans. Arch Intern Med 166:1660–1665

12. Khaw KT, Dowsett M, Folkerd E, Bingham S, Wareham N, Luben R, Welch
A, Day N 2007 Endogenous testosterone and mortality due to all causes,
cardiovascular disease, and cancer in men. Circulation 116:2694–2701

13. Laughlin GA, Barrett-Connor E, Bergstrom J 2008 Low serum testosterone
and mortality in older men. J Clin Endocrinol Metab 93:68–75

14. Morley JE, Kaiser FE, Perry 3rd HM, Patrick P, Morley PM, Stauber PM,
Vellas B, Baumgartner RN, Garry PJ 1997 Longitudinal changes in testoster-
one, luteinizing hormone, and follicle-stimulating hormone in healthy older
men. Metabolism 46:410–413

15. Smith GD, Ben-Shlomo Y, Beswick A, Yarnell J, Lightman S, Elwood P 2005
Cortisol, testosterone, and coronary heart disease: prospective evidence from
the Caerphilly study. Circulation 112:332–340

16. Araujo AB, Kupelian V, Page ST, Handelsman DJ, Bremner WJ, McKinlay JB
2007 Sex steroids and all-cause and cause-specific mortality in men. Arch
Intern Med 167:1252–1260

17. Arnlöv J, Pencina MJ, Amin S, Nam BH, Benjamin EJ, Murabito JM, Wang
TJ, Knapp PE, D’Agostino Sr RB, Bhasin S, Vasan RS 2006 Endogenous sex
hormones and cardiovascular disease incidence in men. Ann Intern Med 145:
176–184

18. Kaufman JM, Vermeulen A 2005 The decline of androgen levels in elderly men
and its clinical and therapeutic implications. Endocr Rev 26:833–876

19. Wu FC, von Eckardstein A 2003 Androgens and coronary artery disease.
Endocr Rev 24:183–217

20. Liu PY, Swerdloff RS, Veldhuis JD 2004 The rationale, efficacy and safety of
androgen therapy in older men: future research and current recommendations.
J Clin Endocrinol Metab 89:4789–4796

21. Isidori AM, Giannetta E, Greco EA, Gianfrilli D, Bonifacio V, Isidori A, Lenzi
A, Fabbri A 2005 Effects of testosterone on body composition, bone metab-
olism and serum lipid profile in middle-aged men: a meta-analysis. Clin En-
docrinol (Oxf) 63:280–293

22. Haddad RM, Kennedy CC, Caples SM, Tracz MJ, Boloña ER, Sideras K,
Uraga MV, Erwin PJ, Montori VM 2007 Testosterone and cardiovascular risk
in men: a systematic review and meta-analysis of randomized placebo-con-
trolled trials. Mayo Clin Proc 82:29–39

23. Norman PE, Flicker L, Almeida OP, Hankey GJ, Hyde Z, Jamrozik K 2009
Cohort profile: The Health In Men Study (HIMS). Int J Epidemiol. 38:48–52

24. Yeap BB, Almeida OP, Hyde Z, Norman PE, Chubb SA, Jamrozik K, Flicker
L 2007 In men older than 70 years, total testosterone remains stable while free
testosterone declines with age. The Health In Men Study. Eur J Endocrinol
156:585–594

25. Charlson ME, Pompei P, Ales KL, MacKenzie CR 1987 A new method of
classifying prognostic comorbidity in longitudinal studies: development and
validation. J Chronic Dis 40:373–383

26. Holman CD, Bass AJ, Rouse IL, Hobbs MS 1999 Population-based linkage of
health records in Western Australia: development of a health services research
linked database. Aust NZ J Public Health 23:453–459

27. Quan H, Sundararajan V, Halfon P, Fong A, Burnand B, Luthi JC, Saunders
LD, Beck CA, Feasby TE, Ghali WA 2005 Coding algorithms for defining
comorbidities in ICD-9-CM and ICD-10 administrative data. Med Care 43:
1130–1139

28. Vermeulen A, Verdonck L, Kaufman JM 1999 A critical evaluation of simple
methods for the estimation of free testosterone in serum. J Clin Endocrinol
Metab 84:3666–3672

29. Rothman KJ 2002 Epidemiology: an introduction. New York: Oxford Uni-
versity Press; 8–23

30. Maggio M, Lauretani F, Ceda GP, Bandinelli S, Ling SM, Metter EJ, Artoni A,
Carassale L, Cazzato A, Ceresini G, Guralnik JM, Basaria S, Valenti G, Ferrucci
L 2007 Relationship between low levels of anabolic hormones and 6-year mor-
tality in older men. The Aging in the Chianti Area (InCHIANTI) Study. Arch
Intern Med 167:2249–2254

31. Abbott RD, Launer LJ, Rodriguez BL, Ross GW, Wilson PW, Masaki KH,
Strozyk D, Curb JD, Yano K, Popper JS, Petrovitch H 2007 Serum estradiol
and risk of stroke in elderly men. Neurology 68:563–568

32. Taieb J, Mathian B, Millot F, Patricot MC, Mathieu E, Queyrel N, Lacroix I,
Somma-Delpero C, Boudou P 2003 Testosterone measured by 10 immuno-

2358 Yeap et al. Low Testosterone and Stroke or TIA J Clin Endocrinol Metab, July 2009, 94(7):2353–2359



assays and by isotope-dilution gas chromatography-mass spectrometry in sera
from 116 men, women and children. Clin Chem 49:1381–1395

33. Wang C, Catlin DH, Demers LM, Starcevic B, Swerdloff RS 2004 Measure-
ment of total serum testosterone in adult men: comparison of current labora-
tory methods versus liquid chromatography-tandem mass spectrometry. J Clin
Endocrinol Metab 89:534–543

34. Rosner W, Auchus RJ, Azziz R, Sluss PM, Raff H 2007 Utility, limitations, and
pitfalls in measuring testosterone: an Endocrine Society Position Statement.
J Clin Endocrinol Metab 92:405–413

35. Ly LP, Handelsman DJ 2005 Empirical estimation of free testosterone from
testosterone and sex hormone-binding globulin immunoassays. Eur J Endo-
crinol 152:471–478

36. Veldhuis JD 2008 Aging and hormones of the hypothalamo-pituitary axis:
gonadotropic axis in men and somatotropic axes in men and women. Ageing
Res Rev 7:189–208

37. Liu PY, Death AK, Handelsman DJ 2003 Androgens and cardiovascular dis-
ease. Endocr Rev 24:313–340
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