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ABSTRACT

Interest has arisen during the last 10 years as to the possible connection between the age-re-
lated decline in androgen production and symptoms of ageing in men. A new ageing-related
syndrome with several descriptive names, such as andropause, male menopause, Partial Andro-
gen Deficiency of the Ageing Male (PADAM) and Late-Onset Hypogonadism (LOH), has been
identified. Intensive research into the subject is currently ongoing in multiple, population-based
epidemiological studies to explore the connections between testicular endocrine function and
the physical, psychic and sexual symptoms of ageing. One of these studies is the Turku Male
Ageing Study (TuMAS), conducted in Turku, Finland. This review summarises the recent key
findings in this study, with special reference to the correlation of androgen levels with sexual

symptoms and cardiovascular risk factors.
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INTRODUCTION

The endocrinology of ageing men has recently been
under intensive research and numerous large studies
are ongoing to delineate the gender-specific aspects
of male ageing (Table 1), with special reference to
the importance of the well-documented age-related
decline of testicular function. Multiple names have
been coined to describe the condition, such as male
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menopause, viropause, andropause, Partial Andro-
gen Deficiency of the Ageing Man (PADAM) and
Late-Onset Hypogonadism (LOH). The last term
describes this condition most accurately and is now
recommended for general use.? LOH is defined as
subnormal serum testosterone (T) levels in connec-
tion with an array of physical, psychic and sexual
symptoms, generally related to male hypogonadism.
These include muscle weakness, decreased lean body
mass, increased visceral fat, fatigue, depression, ir-
ritability, sleep disturbances, decreased body hair,
osteoporosis, diminished libido, weakened morning
erections and erectile dysfunction. Indeed, it is well
documented that testicular T production decreases
continuously after 40 years of age.* The mean de-
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Table 1. The main, currently ongoing population based studies, addressing the endocrinology of the ageing male.

Study Relevant Web site Recent
references

The Baltimore Longitudinal Study of Aging http://www.grc.nia.nih.gov/branches/blsa/blsa.htm 31,32

The European Male Ageing Study (EMAS) http://www.emas.man.ac.uk/main.asp

The Florey Adelaide Male Ageing Study http://www.florey.adelaide.edu.au/reserch.html 33,34

The Flemish Male Ageing Studies, Ghent University Hospital ~ http://www.touchbriefings.com/pdf/1711/ACF278D.pdf 35, 36

The Massachusetts Male Ageing Study (MMAS) http:/www.neriscience.com/web/documents/ 37,38
WCMHG%202007%20Symposia%20handout.pdf

The Rancho-Bernardo Study http://www.nia.nih.gov/ResearchInformation/ 39,40
ScientificResources/StudyInfo.htm?id=114

The Rotterdam Elderly Study http://www.epib.nl/ergo.htm 41,42

The Tromso Study http://clinicaltrials.gov/ct/show/NCT00119483 43,44

The Turku Male Ageing Study (TuMAS) http://www.uta.fi/laitokset/tsph/itu/huhtaniemi.htm 8,9

crease in serum total T levels is only small (about 1%
per year between the ages of 40 and 70 years) and
shows considerable individual variation. T levels are
therefore likely to reach the hypogonadal range in
some ageing men. However, it has proven difficult
to demonstrate causality between T levels and LOH
symptoms in the ageing male population: men with
a high symptom score often have normal T levels,
and vice versa. Moreover, these changes do not occur
independently of several other age-related changes,
including cardiovascular disease, insulin resistance and
metabolic syndrome, which can resemble symptoms
of hypogonadism either with or without concomitant
decline of T. Finally, the levels of hormones other
than T also decrease with age (e.g. growth hormone,
insulin-like growth factor-1, thyroid hormone, cortisol,
adrenocorticotrophic hormone, dehydroepiandros-
terone sulfate and melatonin).*

One of the ongoing studies on LOH is the Turku
Male Ageing Study and our purpose herein has been
to review some of our recent findings with special
reference to the correlation of testicular function
with sexual symptoms and cardiovascular risk factor
in ageing men.

THE TURKU MALE AGEING STUDY (TuMAS)

The TuMAS study was initiated in the year 2000
in order to determine the frequency and stability of
LOH symptoms and gonadal hormone levels in 40-
69 year-old men (n=28,622) in the town of Turku

in south-western Finland. The study began with the
mailing of an epidemiological questionnaire to the
men asking them about general well-being and LOH
symptoms. A total of 15,496 (54.1%) men returned the
questionnaire, which was composed of three parts: 1)
a simplified Turku 3-question query (T3Q); see below),
2) the 17-question Ageing Male Symptoms (AMS)
questionnaire®” and 3) a query about known illnesses
and medications, as well as on socio-behavioural fac-
tors such as cohabiting, level of education, working
status, amount of exercise, smoking, alcohol consump-
tion and life satisfaction. The T3Q query consisted
of three questions: During the last 5 years, have you
experienced 1) increasing weakness in tasks requir-
ing strength, 2) decreased libido and 3) depression?
Men fulfilling the simplified LOH symptom severity
criteria (> 2score in T3Q; n= 2,516) were invited to
the laboratory for blood sampling to assess their sex
hormone and lipid status; 1,619 men (64.3%) par-
ticipated. Subsequently, several nested studies have
been carried out on all or selected subpopulations of
the TuMAS cohort.®!!

SEXUAL SYMPTOMS, POOR LIFE
SATISFACTION AND INCREASED USAGE OF
HEALTH SERVICES ARE ASSOCIATED WITH
LOH

It is generally recognized that androgens, due to
their strong anabolic effects, are important not only
for the maintenance of male reproductive functions
but also for a number of other organ systems such as
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bone, adipose tissue, muscle, haematopoiesis, brain
and skin. The typical symptoms of ageing in men are
assumed to be caused by the documented decline
of T production with ageing, leading to the array of
symptoms of LOH. It has been documented that the
threshold of sensitivity of the different organ systems
to androgens differs'? and, if the same holds true for
the case of ageing-associated decline of androgens,
then the different types of symptoms of androgen
deficiency should occur in predictable order, depend-
ing on their thresholds. In one of the TuUMAS studies,
we monitored the prevalence of the sexual AMS in
ageing men, assuming that they might occur earlier
than the non-sexual anabolic and psychic effects. The
association of these symptoms with general health,
health behaviour, life satisfaction and frequency of
visits to physicians were correlated.

The severity of sexual symptoms and the total
symptom scores measured by the AMS scale increased
with age as expected. A hypothetical positive score
sum for LOH symptoms >36°%" was observed in
30% of the respondents. Amongst healthy men, the
frequency of high LOH scores was 20%. The AMS
scale questions and the distribution of answers for
each of the 5-year age-groups are shown in Figures
1 and 2. The greatest changes/deterioration with
age (as determined by correlation coefficients) were
found in the decrease of muscle strength and the
worsening of sexual symptoms, with the latter nearly
doubling between the ages of 40-41 and 65-69 years.
The frequency of physical symptoms also increased
with age, although the age trend was clearly weaker.
Mental symptoms (sleep disturbances, increased
need of sleep, irritability, nervousness, anxiety, ex-
haustion) displayed only weak progression until the
age of 55 years, after which many of them showed
improvement. In general, statistically significant
age-related changes occurred in almost all the AMS
scale parameters, with the exception of sleeping
disturbances and anxiety. The smallest change with
age was observed in the reported decrease of beard
growth where 93% of the men observed no change.
In contrast, 41% of the men reported moderate to
very clear symptoms in joint and muscle complaints.
At least moderate sexual symptoms were reported
by 20.4% of the men aged 40-44 years, with a linear
increase in these symptoms to 67.4% in the oldest

(65-69 year) age-group.

Multivariate linear regression analyses revealed
that increased sexual symptoms were strongly asso-
ciated with decreased life satisfaction and increased
frequency of visits to the physician, independent of
the nature of the medical condition. In men with
moderate to severe sexual symptoms, visits to the
physician were three times more frequent than in men
with mild or no symptoms. Age appeared to be the
best predictive factor in the development of sexual
symptoms, while, for example, the effect of body
mass increase did not reach significance. Depression,
unemployment, lack of physical activity and to some
extent lower education were independent correlates
for the LOH score. It appeared evident that of the
AMS questions, decreased muscle strength, depres-
sion and sexual symptoms accounted for 76.3% of
the total score, which supports the accuracy of the
simplified T3Q score. These questions could possibly
be utilised as a simple and efficient screening tool for
LOH in daily clinical practice. Sexual symptoms as
such deserve more attention in the workup of ageing
male patients because they offer a simple screening
tool to detect impaired well-being with increased
use of health services and may be the first sign of
imminent LOH. Curiously, the study of Bhasin et
al'? in young men on the different thresholds of the
androgen-dependent responses showed that the main-
tenance of sexual functions required lower androgen
levels than that required for the anabolic effects. It
is therefore paradoxical that sexual symptoms were
in our study the first to appear. This suggests that
androgen deficiency is not the main cause of sexual
symptoms in ageing men.

CIRCULATING TESTOSTERONE AND SERUM
LIPIDS IN AGEING MEN

Men have higher life-time risk for atherosclerosis
than women." This difference has been ascribed to
sex steroids through their direct actions on vascular
function and levels on atherosclerotic risk factors.
Serum lipoproteins contribute to atherosclerosis,
and the sex differences have been attributed a) to
differences in lipids, given that the protective factor,
HDL-cholesterol, is higher in women,' b) to the
beneficial effects of oestrogens and c) to less benefi-
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Figure 1. Prevalence of ageing male symptoms in 5-year age groups and Spearman correlation coefficients with age in the TuUMAS
study. Questions were direct in character, with answers ranging from no symptoms (1 point) through mild (2), moderate (3), severe
(4) and very severe (5 points) symptoms. From ref. 10, with permission.
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Figure 2. Prevalence of ageing male symptoms in 5-year age groups and Spearman correlation coefficients with age in the TuMAS
study. Questions were direct in character, with answers ranging from no symptoms (1 point) through mild (2), moderate (3), severe
(4) and very severe (5 points) symptoms. From ref. 10, with permission.
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cial effects of androgens which have been observed
in HDL-cholesterol levels in both sexes.'>!® All in
all, the connections of both endogenous levels of T
and T therapy on blood lipids are complicated and
evidence exists in both directions.'"” The association
between T and lipids still lacks strong epidemiological
verification. We hypothesised that, in agreement with
the increased atherosclerosis in hypoandrogenic men,
atherosclerotic alterations could also be found in men
with LOH symptoms and decreased T. The objective
of the study carried out'! was thus to determine the
association of sex steroid hormones with serum lipids
within a subcohort of the TuUMAS men.

The study population consisted of 1,619 men,
including those who where originally determined
to have a high LOH symptom score and who came
(64%) to the laboratory to give a blood sample. In a
bivariate analysis, T correlated inversely with BMI,
total cholesterol and triglycerides, smoking and Car-
diocascular Diseases (CVD) and correlated directly
with HDL-cholesterol (Table 2). Alcohol consumption
correlated directly with HDL-cholesterol (r = 0.18, p
<0.0001). In multivariate analysis, when the independ-
ent correlates of serum lipids were taken into account
(age, BMI, T, smoking, alcohol consumption, CVD
and diabetes), T and alcohol consumption appeared as
positive and BMI as negative correlates. With regard
to triglycerides, BMI and CVD appeared as positive
and age and T as negative correlates. In further analy-
ses, the associations between T and triglycerides and

Table 2. Spearman’s correlation coefficients between testosterone and
other study variables in 1,619 ageing men in the TuMAS Study."

Variable r p-value
Age -0.04 0.13
BMI -0.34 <0.0001
Total cholesterol -0.06 0.025
HDL-cholesterol 0.24 <0.0001
LDL-cholesterol 0.05 0.09
Triglycerides -0-30 <0.0001
CVD -0.13 <0.0001
Diabetes 0.005 0.85
Smoking -0.05 0.02
Alcohol consumption 0.02 0.34
The Turku 3Q scale -0.008 0.75
The AMS scale -0.03 0.26

HDL-cholesterol were independent of BMI, and the
independent positive correlates for HDL-cholesterol
appeared to be T and alcohol consumption, whereas
the correlation with BMI was negative.

Hence, these data showed that low T in ageing men
is independently associated with adverse lipid profile,
including low HDL-cholesterol and high triglycerides.
These results provide evidence that negative influence
of T on blood lipids is not responsible for the higher
risk of atherosclerosis and CVD in ageing men. In fact,
higher T levels seem to be associated with favourable
lipid profiles. Moreover, there also seems to exist
an independent favourable component in the effect
of T on blood lipids that is not dependent on BMI.
Beneficial effects of T on insulin sensitivity may at
least partly explain this independent effect.!”

The mechanisms responsible for the increased
incidence of CVD in men still remain inadequately
understood. It seems that sex hormones have a gen-
der-specific effect on atherosclerotic risk factors.
According to this study, low serum T concentration
in middle-aged and ageing men was associated with
an atherogenic risk profile including obesity, low
HDL-cholesterol and increased triglycerides. These
results provide evidence that low plasma T in ageing
men is associated with increased risk of atherosclerosis
also independent of overweight. However, a recent
meta-analysis indicated that T supplementation of
men may induce reductions in both total cholesterol
and HDL-cholesterol concentrations.'® One possible
caveat of T treatment is thus the possibility that it
may only reverse a biochemical parameter (serum T)
that is a consequence of the protective mechanisms
against the stress of disease, such as atherosclerosis.
It would therefore sound more reasonable to treat the
causes of lower T than to pharmacologically reverse
a parameter indicative of imbalanced homeostasis.
However, the current data are still insufficient for
final conclusions. In any case, we may safely conclude
that high physiological T levels are not associated
with increased CVD risk in ageing men.

INCREASED CAROTID ATHEROSCLEROSIS
IN MEN WITH SYMPTOMS OF LATE-ONSET
HYPOGONADISM

We further evaluated the association of ageing
male sex hormone levels with the risk of CVD.®
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Another subgroup of the TuUMAS men were studied
for carotid artery intima-media thickness (IMT), a
widely accepted noninvasive measure of preclinical
atherosclerosis and a predictor of future adverse
cardiovascular and cerebrovascular events.”* Some
previous observations have suggested that carotid IMT
may be inversely associated with serum T levels in
very old men*' and in men with type 2 diabetes® and
obesity.” A recent study showed inverse association
of serum T with the progression of carotid athero-
sclerosis in elderly men.* We therefore examined
the hypothesis that androgen deficiency in ageing
men is a risk factor for the development of athero-
sclerosis and examined the relationship of LOH
with cardiovascular risk factors and carotid IMT in
arandomly selected subpopulation of 239 men from
the TuMAS cohort.

Of the original TuUMAS population with LOH,
i.e. high symptom score and serum T <9.8 nmol/L,
or serum T >9.8 nmol/l but serum LH >6 IU/1 (con-
sidered compensated or preclinical hypogonadism),
99 had no clinical manifestations of CVD and had
not been previously diagnosed with hypertension or
diabetes. These men were invited to the study (3 of
them were subsequently excluded because of newly
diagnosed type 2 diabetes). In addition, another 200
men with a normal T and low LOH symptom score
were invited as controls; 140 arrived. Carotid IMT was
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determined by high-resolution B-mode ultrasound.
The hormonal parameters measured were serum T,
oestradiol, LH and sex-hormone-binding globulin,
while the serum lipid profile was also determined.

We found that both the values of maximum
common carotid IMT (1.0810.34 vs 1.00+0.23 mm;
mean=+SD) and of maximum IMT of the carotid bulb
(1.44+0.48 vs 1.27£0.35 mm) were higher in LOH
men than in controls. Carotid IMT was inversely as-
sociated with serum T (Figure 3) and the HDL/total
cholesterol ratio and it correlated positively with LH
(Figure 3), age, blood pressure, BMI, total cholesterol
and LDL-cholesterol. In the stepwise multivariate
regression model, the independent explanatory vari-
ables for carotid IMT were age, total cholesterol, T,
LH and smoking. When the group variable for LOH
was included in the multivariate model instead of
T and LH, the significant explanatory variables for
the maximum common carotid ITM were the group
variable, age, total cholesterol and smoking. Free
androgen index, when substituted for T, was not as-
sociated with ITM in the multivariate model.

These results show that hypogonadal status (both
absolute and preclinical), along with a high LOH
symptom score, is associated with increased carot-
id artery IMT, providing a marker for subclinical
atherosclerosis in middle-aged men. Moreover, T was
inversely and LH directly associated with IMT after
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Figure 3. Correlations between serum T (left panel) and LH (right panel) and maximum intima-media thickness of the carotid and
carotid bulb, respectively, in 236 middle-aged men. From ref. 8, with permission.



Late-onset hypogonadism in men

43

controlling for CVD risk factors in the multivariate
model. Low T indicates absolute hypogonadism, and
elevated LH together with low normal T indicates the
subclinical form, as observed by us in another study
on the TuMAS subjects.” Also, other recent studies
on carotid IMT have shown inverse associations
between serum T levels in elderly men of 72 to 92
years of age,”! in men with type 2 diabetes* and in
obese men with glucose intolerance.” Another large
population-based study® has shown that serum T levels
inversely and independently correlate with the pres-
ence of calcified aortic plaques and the progression of
aortic atherosclerosis. The findings of our study are
in line with and extend the findings of the previous
studies on the inverse association of T and IMT in
middle-aged men. The causality of the association
needs to be studied in prospective studies, but the
currently available information suggests that normal
androgen levels protect ageing men from developing
atherosclerosis. It is possible that the interaction is
bi-directional: on the one hand low T is a sensitive
sign of a subclinical condition, but conversely high
T may have independent positive protective effects,
e.g. by increasing insulin sensitivity.'” Other possible
effects may include the anti-inflammatory effect of sex
hormones, regulation of apoptosis and promotion of
smooth muscle cell stability.” It is also possible that
the causative hormone is not T but its metabolite
oestradiol; men with higher T levels are bound to
also have higher levels of oestrogens. In the study of
Alevizaki et al,?” it was found that men with shorter
androgen receptor CAG microsatellite repeats had
more severe CVD, as monitored by the number of
arteries with severe stenosis in the coronary arterio-
graphy, than men with longer repeats. Although there
was no correlation between CAG repeat length and
T, such direct correlation was found with oestradiol.
Hence, T may in this case function as the pro-hormone
for the cardioprotective oestrogen.

Our results raise the possibility that individuals
with LOH symptoms, together with impaired andro-
gen status and increased IMT, might benefit from T
replacement therapy to decelerate the progression
of atherosclerosis and to protect them from clinical
consequences (i.e. CVD, ischemic stroke and periph-
eral vascular disease). The ultrasound measurement
of carotid IMT could provide an additional predictive

tool for decision-making in CVD risk stratification.
However, randomized controlled trials are required
to establish the effect of T supplementation on the
occurrence of CVD in men suffering from LOH before
wide-scale use of these regimens can be accepted for
the prevention of atherosclerotic diseases.

CONCLUSIONS

Several major questions about the importance
of the ageing-related decline of T production still
remain unanswered. In particular, the poor correla-
tion of low T levels and LOH symptoms remains a
conundrum and raises the question as to whether we
use the right methods to assess the androgen status
of ageing men. Although the clinical immunoassay
methods used for T measurement have recently
been under criticism,?* this mainly applies to the
low levels detected in children and women. The T
levels in ageing men, even after their expected sup-
pression, are still high enough to be in the reliable
range of the immunoassays. It remains to be seen if
the novel in vitro bioassays® that monitor the total
androgen bioactivity in serum would provide better
correlation between LOH symptoms and T levels.
Another possibility is that the declining T levels are
only a minor determinant of LOH symptoms, so that
for these biological reasons better correlation cannot
even be expected. Our quest for better biomarkers
of male ageing must therefore continue. What the
results from the TuMAS study have shown is that
increased incidence of sexual problems in ageing
men may be the most sensitive prodromal symptom
for imminent LOH. Enquiry about them should be
included in the questions the physician routinely asks
of an ageing male patient. Furthermore, the Turku
data show that, unlike some previous contentions,
high T levels in ageing men are not a risk factor for
atherosclerosis. In contrast, preclinical atherosclerotic
findings are associated with low T levels, while a part
of the positive androgen effects seems to be due to
direct actions of T or its metabolite oestradiol.
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