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Abstract

Background: Testosterone administration to hypogonadal
men improves the metabolic syndrome. This study analyzed
whether age, serum testosterone, body mass index/waist cir-
cumference, increment in testosterone values and C-reactive
protein (CRP) predicted the outcome of testosterone
administration.
Materials and methods: A total of 110 mainly elderly men,
aged between 18 and 83 years (mean"SDs59.6"8.0) with
baseline serum testosterone of 5.8–12.1 nmol/L (mean"SDs
9.3"1.7) (n)14.0 nmol/L), received parenteral testosterone
undecanoate whereupon serum testosterone normalized
between 3 and 24 months.
Results: (i) The lower the baseline testosterone, the stronger
the decreases in waist size and triglycerides. (ii) The greater
the increment in serum testosterone, the stronger the decreas-
es in low-density lipoprotein (LDL) cholesterol, triglycerides
and glucose. (iii) Older age was associated with stronger ben-
eficial effects on waist size, glucose and all lipids, but a small
negative effect on high-density lipoprotein cholesterol. (iv)
Obese men and men with the largest waist circumference
showed the strongest declines over 2 years in weight, waist
circumference and body mass index (BMI), and also in total
cholesterol, triglycerides and glucose. Baseline BMI predict-
ed a stronger decline in LDL cholesterol, but a smaller
decline in CRP levels. (v) Higher baseline CRP predicted
larger declines in levels of triglycerides, glucose and CRP.
(vi) In the multivariate model, age, BMI and CRP were inde-
pendent predictors of the strongest benefit of testosterone
treatment on the metabolic syndrome.
Conclusions: Older men, particularly when obese with
chronic low-grade inflammation benefited most of normal-
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izing their testosterone levels, preferably if they reached mid-
normal reference values.

Keywords: body mass index; lipids; testosterone; treatment
effect.

Introduction

Aging can be viewed as a time-related functional decline of
health into the frailty of old age, with an ever-increasing
vulnerability to disease and eventually to death. Among the
many processes of aging, endocrine changes are relatively
easy to identify and quantify. With aging a significant per-
centage of men over the age of 60 years have serum testo-
sterone levels that are below the lower limits of young adult
men (aged 20–30 years) w1–3x. This is not solely of theor-
etical significance. Several recent studies have found that
low testosterone level is a predictor of mortality in elderly
men w4–9x. The latter study found that this is related to car-
diovascular disease (for review see w9x).

Numerous studies have found inverse associations
between features of the metabolic syndrome and plasma
testosterone w10–16x. It has also been documented that low
testosterone levels induce the metabolic syndrome w17, 18x,
dramatically demonstrated by findings in men with prostate
cancer who undergo androgen ablation therapy w19, 20x. One
study showed convincingly that acute androgen deprivation
reduces insulin sensitivity in young men w21x.

The question arises then whether testosterone treatment
has a role to play in the prevention and/or treatment of the
metabolic syndrome and its sequelae such as diabetes mel-
litus type 2 and cardiovascular disease, in particular in men
with lower-than-normal testosterone levels. A recent discon-
tinued trial showed an increased rate of cardiovascular-
related events in elderly hypogonadal men treated with
testosterone gel versus placebo w22x, which could be related
to edema, hypertension and congestive heart failure. How-
ever, in this study, men with an adverse cardiovascular risk
profile were treated with unusually high doses of testoster-
one. Nevertheless, there is also increasing evidence of a ben-
eficial effect of testosterone treatment on visceral fat and
other elements of the metabolic syndrome w23–27x (for
review see w9x). Evidently, the justification for testosterone
treatment lies in a proper diagnosis of testosterone deficien-
cy, and this can be problematic.

A diagnosis of androgen deficiency should be based on
consistent symptoms and signs and unequivocally low serum
testosterone levels w28x. There is as yet no true consensus
what constitutes low testosterone values w29x and it could
turn out to be impossible to define precise normal/abnormal
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values owing to inherent properties of the biological action
of testosterone in an individual person. Blood testosterone
thresholds for androgen deficiency symptoms are highly con-
sistent within a person but do differ, to a degree, between
men w30x. The factors which define this symptomatic thresh-
old are as yet unknown but, as indicated above, it is reason-
able to assume that genetic polymorphisms of the androgen
receptors influencing androgen sensitivity play a significant
role w31, 32x.

The metabolic syndrome and its components have been
consistently associated with the presence of ‘‘low grade’’
systemic inflammation w33x. Inflammation is recognized as
one of the central features of atherosclerosis w34x. The acute
phase reactant C-reactive protein (CRP) is an sensitive mark-
er of systemic inflammation w33x. Elevated concentrations of
CRP, although they can still be in the normal range, are not
only independent predictors of future cardiovascular disease
in adults and older individuals but have been also associated
with different features of metabolic syndrome w34x. The
aging process in itself has also been associated with a pro-
gressive and significant increase in CRP plasma levels w35x.

This is a study of mostly elderly hypogonadal men with
symptoms of the metabolic syndrome. The men were treated
with parenteral testosterone undecanoate (1000 mg) admin-
istered at 0 and 6 weeks and thereafter at intervals of
12 weeks w36x. In earlier studies, we have reported beneficial
effects of administration of testosterone on a set of features
of the metabolic syndrome: body weight, body mass index
(BMI), waist circumference, serum glucose, total cholesterol,
high-density lipoprotein (HDL) cholesterol, low-density lipo-
protein (LDL) cholesterol and triglycerides w23x. In the pres-
ent study, we refined these research questions as follows: (i)
how are the above effects of testosterone in the study pop-
ulation related to baseline testosterone values. As argued
above, it is difficult to define a threshold value for androgen
deficiency. (ii) Further, to the age of the recipient of testo-
sterone administration. The metabolic syndrome is a multi-
factorial condition, and aging itself is a factor in its
emergence w37x. Therefore, we tested whether age of the sub-
ject receiving testosterone treatment had an impact on the
improvements of features of the metabolic syndrome follow-
ing testosterone administration. (iii) Next, we tested whether
indicators of obesity, such as BMI and waist circumference
at baseline, and (iv) the degree of increase of serum testos-
terone after testosterone administration were relevant. (v)
Finally, we tested whether baseline levels of CRP had a pre-
dictive effect of the outcome of testosterone administration.

Materials and methods

The study comprised a cohort of 123 men aged between 35 and
70 years (mean"SDs60"6.7), with plasma testosterone levels
between 5.8 and 12.1 nmol/L (mean"SDs9.3"1.7) (n)14.0
nmol/L). Because 13 men also had Crohn’s disease, a chronic
inflammatory disease of the intestine of unknown etiology, these
men were excluded from the present analysis, resulting in a study
population of 110 (89.4%) hypogonadal men. These men had sought
urological consultation for several reasons: erectile dysfunction,

questions about their testosterone status or a variety of urological
complaints. Upon clinical and laboratory investigation they were
found to have subnormal plasma total testosterone levels. They
received treatment with parenteral testosterone undecanoate where-
upon the plasma testosterone returned to the physiological range.

They were followed-up for 24 months at intervals of 3 months.
At each visit blood was sampled; after an overnight fast blood was
collected between 08:00 and 11:00 h. Plasma testosterone, total cho-
lesterol, HDL cholesterol, LDL cholesterol and triglycerides were
measured using standardized routine laboratory methods. The waist
circumference was measured midway between the upper hip bone
and the uppermost border of the right iliac crest. Waist circumfer-
ence measurements were always done by the same expert nurse.
Weight and height were measured, and BMI was calculated by
dividing the weight (kg) by the square of height (meters).

Ethical guidelines as formulated by the German ‘‘Ärztekammer’’
(the German Medical Association) for observational studies in
patients receiving standard treatment were followed. After receiving
an explanation regarding the nature and the purpose of the study,
all subjects consented to be included in the research of their treat-
ment protocol.

Statistical analysis

Because of positively skewed data, CRP levels were logarithmically
transformed before analyses, and back-transformed means w95%
confidence intervals (CIs) of the mean in parenthesesx are presented.
For other variables percentages or means w"standard deviation
(SD)x were given. CRP levels at baseline were available for 107
(97%) of 110 men (but after 2 years of testosterone administration
only 57 men were available). Using z-scores for baseline testoster-
one, change in testosterone over 2 years, baseline age, baseline BMI,
baseline waist and baseline CRP, we examined the relationship
between baseline characteristics and changes over time in the
different metabolic parameters.

The z-scores, derived by dividing the difference between the raw
score and the mean by the SD (z-scoreswx–meanx/SD), were used
because of their ease of interpretation as the effect sizes in Table 1
can be compared to one another (as they are unit free). If effect
sizes in Table 1 are above 0 then a higher value of the predictor
variable is associated with a relative increase in the metabolic var-
iable compared to men with lower values of the predictor variable.
In opposition, if it is below 0 then there is a relative decrease in the
metabolic variable over 2 years in men with high values compared
to low values of the predictor variable. The effects of an increase
of one standard deviation (1 SD) in predictor variables was explored
by analyzing the interaction terms for time-by-predictor in the mul-
tilevel regression analysis (i.e., mixed models), using a compound
symmetry covariance model. The course of changes over the study
period of 2 years was compared between subjects. Measurements in
each subject were performed up to 9 times, and therefore a two-
level structure consisted of the observations (i.e., lower level) and
the subject (i.e., higher level). To facilitate presentation of data,
categorization of predictor variables into quintiles were used only
in the figure. For other analyses continuous variables were used
which maximizes the statistical power.

For the multivariable analysis, a metabolic syndrome composite
score was calculated as the mean of z-scores of body waist, body
mass index, total cholesterol, LDL cholesterol, HDL cholesterol
(inverted), triglycerides, glucose, and CRP (partially based on the
components of the metabolic syndrome as defined by the National
Cholesterol Education Program) w38x. The effects of increases of a
1 SD increase in predictor variables were explored by analyzing
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Table 1 Potential predictors of changes over 2 years in features of the metabolic syndrome during testosterone supplementation.

Predictor variables

Baseline Change in Baseline Baseline Baseline Baseline
testosterone testosterone age BMI waist CRP

Body weight, kg 0.004 0.007 –0.003 –0.081 –0.047 –0.001
(SE: 0.008) (SE: 0.008) (SE: 0.008) (SE: 0.007) (SE: 0.008) (SE: 0.008)
(ps0.62) (ps0.392) (ps0.661) (p-0.001) (p-0.001) (ps0.888)

Body waist, cm 0.025 –0.005 –0.016 –0.060 –0.069 0.000
(SE: 0.007) (SE: 0.007) (SE: 0.007) (SE: 0.007) (SE: 0.007) (SE: 0.007)
(ps0.001) (ps0.522) (ps0.028) (p-0.001) (p-0.001) (ps0.992)

Body mass index, kg/m2 0.008 –0.002 –0.015 –0.085 –0.047 0.001
(SE: 0.008) (SE: 0.008) (SE: 0.008) (SE: 0.007) (SE: 0.008) (SE: 0.008)
(ps0.298) (ps0.818) (ps0.051) (p-0.001) (p-0.001) (ps0.915)

Total cholesterol, mg/dL 0.059 0.013 –0.131 –0.136 –0.119 –0.071
(SE: 0.038) (SE: 0.038) (SE: 0.037) (SE: 0.037) (SE: 0.037) (SE: 0.038)
(ps0.119) (ps0.745) (p-0.001) (p-0.001) (ps0.001) (ps0.061)

LDL cholesterol, mg/dL 0.020 –0.062 –0.093 –0.068 –0.026 0.014
(SE: 0.016) (SE: 0.016) (SE: 0.016) (SE: 0.016) (SE: 0.016) (SE: 0.016)
(ps0.219) (p-0.001) (p-0.001) (p-0.001) (ps0.109) (ps0.382)

HDL cholesterol, mg/dL 0.023 –0.005 –0.041 –0.027 0.016 –0.004
(SE: 0.016) (SE: 0.017) (SE: 0.016) (SE: 0.016) (SE: 0.016) (SE: 0.016)
(ps0.164) (ps0.757) (ps0.010) (ps0.079) (ps0.327) (ps0.791)

Triglycerides, mg/dL 0.079 –0.087 –0.163 –0.197 –0.131 –0.095
(SE: 0.026) (SE: 0.026) (SE: 0.025) (SE: 0.025) (SE: 0.025) (SE: 0.026)
(ps0.002) (ps0.001) (p-0.001) (p-0.001) (p-0.001) (p-0.001)

Glucose, mg/dL 0.051 –0.080 –0.152 –0.112 –0.170 –0.101
(SE: 0.035) (SE: 0.035) (SE: 0.034) (SE: 0.035) (SE: 0.034) (SE: 0.035)
(ps0.147) (ps0.024) (p-0.001) (ps0.001) (p-0.001) (ps0.004)

C-reactive protein, mg/dL 0.008 –0.011 0.020 0.044 0.012 –0.072
(SE: 0.016) (SE: 0.016) (SE: 0.016) (SE: 0.015) (SE: 0.016) (SE: 0.015)
(ps0.621) (ps0.499) (ps0.208) (ps0.004) (ps0.443) (p-0.001)

SE indicates standard error of the mean; CI indicates confidence interval. C-reactive protein values were naturally log-transformed to
normalize the distribution. Data are b-coefficients by multilevel regression analyses (i.e., linear mixed models) of the time=predictor
interaction term, which can be interpreted as the relative change in SD of the feature of the metabolic syndrome per year wwith standard
errors (SEs) and p-values in parenthesesx according to 1 SD increase in the predictor variable. Conversion factors: for total cholesterol, LDL
cholesterol and HDL cholesterol: mg/dL=0.0259smmol/L; for triglycerides: mg/dL=0.0114smmol/L.

interaction terms for all time-by-predictor variables in the multilevel
regression analysis. Results are considered statistically significant if
p-0.05 (two-sided). The software used was SPSS for windows ver-
sion 17.0 (SPSS, Chicago, IL, USA).

Results

Table 2 shows the baseline characteristics of the 110 men
participating in this study. Men had a mean age of 60 years
(SD 7). The mean BMI was 34.7 kg/m2 (SD 4.6), with 73
men (67.0%) being obese with a BMI of 30–40 kg/m2, and
19 men (17.4%) having extreme obesity with a BMI
G40 kg/m2. Plasma testosterone increased from 9.3"1.7
nmol/L to 14.9"4.5 nmol/L (p-0.01) at 3 months, then
stabilized at 19.2"4.6 nmol/L after the first 6 months (p-
0.05) over the remaining period of the study.

Figure 1 shows the changes over 2 years in the metabolic
syndrome composite score (means with error bars represent-
ing standard error of the mean) during testosterone supple-
mentation according to quartiles of the independent baseline
predictors of age, body mass index and CRP.

Table 1 shows the associations between potential predic-
tors of changes over 2 years in features of the metabolic
syndrome during testosterone supplementation. Baseline
testosterone was positively predictive of changes in body
waist and triglycerides. These associations indicate that low-
er testosterone levels were associated with stronger decreases
in body waist and triglycerides, thus the beneficial effects of
testosterone were most evident in men with the lowest base-
line total testosterone levels compared to men with low nor-
mal testosterone levels. The change in testosterone levels
over 2 years was inversely associated with changes in LDL
cholesterol, triglycerides and glucose. This indicates that a
strong increase in testosterone after supplementation resulted
in the strongest declines in these metabolic factors.

Next, we focused on the predictive value of baseline age,
BMI, waist circumference and CRP. Baseline age was
inversely associated with changes in waist circumference,
glucose and all lipids (including a small effect on HDL cho-
lesterol). This indicates that older age was associated with
stronger beneficial metabolic effects, notwithstanding a small
less beneficial effect on HDL cholesterol than in younger
men. Baseline BMI and waist showed largely consistent
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Table 2 Baseline characteristics and endocrine, metabolic and Aging Male Symptoms (AMS) changes over 2 years for 110 hypogonadal
men.

Baseline 2 years p-Value

Mean or Range Mean or Range
percentage percentage

Age 60.3"6.9 35–70 – –
Current smoker 79% – – –
Current alcohol user 80% – – –
Total testosterone level, nmol/L 9.3"1.7 5.8–12.1 18.3"2.6 14.2–23.4 -0.001
Body height, cm 175.8"4.4 168–192 – –
Body weight, kg 107.3"14.5 72–139 98.2"12.8 77–131 -0.001
Body mass index, kg/m2 34.7"4.6 24–47 31.8"4.1 22–42 -0.001
Body waist, cm 108.4"9.7 86–129 102.3"8.9 84–125 -0.001
Total cholesterol, mg/dL 292.6"38.3 209–389 204.7"106.8 135–1293 -0.001
LDL cholesterol, mg/dL 148.8"43.2 63–216 113.9"37.6 36–183 -0.001
HDL cholesterol, mg/dL 58.5"28.8 22–154 72.9"27.4 28–179 -0.001
Triglycerides, mg/dL 285.7"53.3 201–439 194.5"26.3 149–328 -0.001
Glucose, mg/dL 103.3"18.9 69–165 95.6"12.7 60–132 -0.001
C-reactive protein, mg/dL 3.5 (0.8–19.1) 0.7–23.8 1.4 (0.2–9.4) 0.2–20.4 -0.001
Aging Male Symptoms (AMS) score 63.5"7.5 46–95 18.1"1.4 17–25 -0.001

Data are mean"standard deviation, geometric mean w5% and 95% percentiles; (P5–P95)x for C-reactive protein, and percentages for dichot-
omous variables. The p-value is by multilevel regression analysis (i.e., mixed models) for the effects of time over 2 years. Conversion
factors: for total cholesterol, LDL cholesterol and HDL cholesterol: mg/dL=0.0259smmol/L; for triglycerides: mg/dL=0.0114smmol/L.

results. As expected, obese men and men with the largest
waist circumference showed the strongest declines over
2 years in weight, waist and BMI. Moreover, both BMI and
waist circumference predicted for stronger declines in total
cholesterol, triglycerides and glucose, with large effect sizes.
In addition, baseline BMI predicted for a stronger decline in
LDL cholesterol, but a smaller decline in CRP levels. Finally,
higher baseline CRP predicted for declines in levels of
triglycerides, glucose and CRP.

Table 3 shows the results from the multivariable model
with a metabolic syndrome composite score as the dependent
variable. These results indicate that baseline age, BMI and
CRP independently predicted the strongest beneficial effects
on metabolic derangements in hypogonadal men (all p-values
-0.05). The effect sizes for baseline age, BMI and CRP
were largely comparable, indicating that all three predictor
variables contributed to a similar extent. Baseline waist was
not statistically significantly associated with stronger bene-
ficial metabolic effects, but the direction and size of the
effect size were only slightly smaller than that of baseline
BMI (ps0.11).

Discussion

This study answered several questions regarding testosterone
supplementation in hypogonadal men. First, it was found that
testosterone administration to elderly hypogonadal men had
beneficial effects on several components of the metabolic
syndrome. Second, a combination of age, BMI and CRP lev-
els can be used as independent predictors of the strongest
beneficial effects on metabolic derangement.

The first question was whether age was a determinant of
the beneficial effects. This appeared to be the case; the high-

er the age the larger the benefits of testosterone administra-
tion. Other studies have shown that the beneficial effects of
testosterone in older men are similar to those in younger
men: for instance, on muscle, bone, fat, libido and mood
w39x. Also, other studies have demonstrated that the benefits
of testosterone administration on gains of fat-free mass and
muscle strength in elderly men are as large as in younger
men w40x. The improvements in physical performance, grip
strength and lean body mass were of the same magnitude in
older men as in younger men w27x. Testosterone administra-
tion prevented gain in visceral adipose tissue and loss of
skeletal muscle equally well in younger and older people
w26x. Thus, there is now a body of information supporting
the administration of testosterone to hypogonadal men
regardless of age.

The following question was whether the baseline testos-
terone value predicted the outcome of the intervention with
testosterone. The higher the baseline testosterone, the less
benefit of testosterone treatment on body waist and triglyc-
erides. Thus, on the contrary, the lower the baseline testos-
terone, the greater the improvements of these two metabolic
factors. Inclusion into the study was determined by testos-
terone levels lower than the reference range. In one study
w41x, it was shown that the lower the pretreatment serum
testosterone concentration, the greater the effect of testoster-
one treatment on lumbar spine bone mineral density. Bone
mineral density was not measured in our study. But in a later
study w42x of the effect of testosterone administration on
serum lipids and apolipoproteins, no such effect was report-
ed. Changes in body composition did not correlate with base-
line total testosterone levels in other studies w27x.

On the basis of recent insights into the biological action
of testosterone, there could be limitations to measured serum
levels of testosterone as a reliable indicator of androgen defi-
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Figure 1 Changes over 2 years in the metabolic syndrome com-
posite score (means with error bars representing standard error of
the mean) during testosterone supplementation according to quar-
tiles of the independent baseline predictors of age, body mass index
and CRP.

ciency. Blood testosterone thresholds for androgen deficiency
symptoms are highly consistent within a person but differ
between men w30x. The factors which define this sympto-
matic threshold are as yet unknown but, as indicated above,
it is reasonable to assume that genetic polymorphisms of the

androgen receptor influencing androgen sensitivity play a
significant role w31, 43x.

BMI was significantly associated with the benefit of tes-
tosterone treatment on all variables measured except on CRP.
This is encouraging for patients with a high degree of obesity
and subnormal testosterone levels, who are likely to benefit
from treatment with testosterone. Waist circumference also
showed these associations, but BMI appeared to be a slightly
stronger predictor than baseline waist circumference. There
is, so far, no confirmation of this finding in the literature.

We found that baseline BMI predicted for a stronger
decline in LDL cholesterol, but a smaller decline in CRP
levels. Higher baseline CRP predicted for declines in levels
of triglycerides, glucose and CRP. Elevated concentrations of
CRP, although they could still be in the normal range, are
not only independent predictors of future cardiovascular dis-
ease in adults and older individuals, but have also been asso-
ciated with different features of the metabolic syndrome w34x.
A reduction in CRP levels could indicate a lower degree of
systemic inflammation and represent an improvement in the
risk profile of cardiovascular disease.

A third question we attempted to answer was whether the
increment of plasma testosterone above baseline values fol-
lowing administration of testosterone was a determinant of
the observed beneficial effects. Incremental increase of tes-
tosterone over the study period of 24 months was signifi-
cantly associated with the benefit of testosterone treatment
on HDL cholesterol, triglycerides and glucose. The lower the
incremental increase of testosterone, the more benefit of tes-
tosterone treatment on these metabolic factors. It should be
noted, however, that the increase of testosterone was no long-
er a significant predictor in the multivariable model, indi-
cating that the effects of age, BMI and CRP largely
explained the changes in variables of the metabolic syn-
drome over time. Nevertheless, this was not found in a study
w42x testing the effects of testosterone administration on
serum lipids and apolipoproteins. But in another study w27x,
changes in lean body mass correlated significantly with
changes from baseline in total testosterone levels. It is of
note that the treatment modality provided (parenteral testos-
terone undecanoate) produced a significant increase from
baseline testosterone values (baseline 9.3"1.7 nmol/L to
17.0"2.2 nmol/L at 6 months and 19.4"2.2 nmol/L at
12 months of testosterone administration). Thus, the incre-
ments in plasma testosterone were of a magnitude that
restored plasma testosterone to the mid-normal range, sup-
posedly sufficient to restore androgen-dependent functions in
these men. This might be relevant. In an earlier study, the
effects of administration of testosterone gel and parenteral
testosterone undecanoate were compared. Serum testosterone
increased significantly more with parenteral testosterone
undecanoate than with testosterone gel and the effects on the
International Index of Erectile Function and on waist circum-
ference and on plasma lipids were significantly more favor-
able with testosterone undecanoate than with testosterone gel
w44x. This observation was recently confirmed in a study
using a range of testosterone preparations concluding that
testosterone preparations achieving medium-high levels of
serum testosterone are more efficacious w45x.

http://www.reference-global.com/action/showImage?doi=10.1515/HMBCI.2010.081&iName=master.img-000.jpg&w=214&h=525
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Table 3 Independent predictors of changes over 2 years in the metabolic syndrome composite score during testosterone supplementation.

b-Coefficient SE 95% CI p-Value

Baseline testosterone 0.006 0.014 –0.022; 0.034 0.67
Change in testosterone 0.001 0.014 –0.025; 0.028 0.91
Baseline age –0.032 0.013 –0.057; –0.007 0.01
Baseline BMI –0.035 0.016 –0.068; –0.003 0.03
Baseline waist –0.025 0.016 –0.056; 0.006 0.11
Baseline CRP –0.027 0.012 –0.050; –0.005 0.02

SE indicates standard error of the mean; CI indicates confidence interval. C-reactive protein (CRP) values were naturally log-transformed
to normalize the distribution. Data are b-coefficients by multilevel regression analyses (i.e., linear mixed models) of the time=predictor
interaction term, which can be interpreted as the relative change in SD of the metabolic syndrome composite score per year wwith standard
errors (SEs) and p-values in parenthesesx according to 1 SD increase in the predictor variable.

In summary, this study found that age, BMI and CRP lev-
els, in addition to hypogonadism, can be used clinically to
predict which men benefit the most from testosterone sup-
plementation with regard to components of the metabolic
syndrome. Moreover, features of the metabolic syndrome
present in elderly men need not be a limiting factor in allow-
ing elderly men benefit from the improvements that normal-
ization of testosterone levels can achieve in men with
evidence of hypogonadal testosterone values. Yet, future
studies in hypogonadal men above the age of 70 years are
needed, with particular focus on cardiovascular side effects.

References

1. Kaufman JM, Vermeulen A. The decline of androgen levels in
elderly men and its clinical and therapeutic implications. Endocr
Rev 2005;26:833–76.

2. Araujo AB, O’Donnell AB, Brambilla DJ, Simpson WB, Long-
cope C, Matsumoto AM, McKinlay JB. Prevalence and incidence
of androgen deficiency in middle-aged and older men: estimates
from the Massachusetts male aging study. J Clin Endocrinol
Metab 2004;89:5920–6.

3. Liu PY, Beilin J, Meier C, Nguyen TV, Center JR, Leedman PJ,
Seibel MJ, Eisman JA, Handelsman DJ. Age-related changes in
serum testosterone and sex hormone binding globulin in Austra-
lian men: longitudinal analyses of two geographically separate
regional cohorts. J Clin Endocrinol Metab 2007;92:3599–603.

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

5. Khaw KT, Dowsett M, Folkerd E, Bingham S, Wareham N,
Luben R, Welch A, Day N. Endogenous testosterone and mor-
tality due to all causes, cardiovascular disease, and cancer in
men: European prospective investigation into cancer in Norfolk
(EPIC-Norfolk) prospective population study. Circulation 2007;
116:2694–701.

6. Shores MM, Moceri VM, Gruenewald DA, Brodkin KI, Matsu-
moto AM, Kivlahan DR. Low testosterone is associated with
decreased function and increased mortality risk: a preliminary
study of men in a geriatric rehabilitation unit. J Am Geriatr Soc
2004;52:2077–81.

7. Shores MM, Matsumoto AM, Sloan KL, Kivlahan DR. Low
serum testosterone and mortality in male veterans. Arch Intern
Med 2006;166:1660–5.

8. Vikan T, Schirmer H, Njolstad I, Svartberg J. Endogenous sex
hormones and the prospective association with cardiovascular

disease and mortality in men: the Tromso study. Eur J Endo-
crinol 2009;161:435–42.

9. Traish AM, Saad F, Feeley RJ, Guay A. The dark side of tes-
tosterone deficiency: III. Cardiovascular disease. J Androl
2009;30:477–94.

10. Rodriguez A, Muller DC, Metter EJ, Maggio M, Harman SM,
Blackman MR, Andres R. Aging, androgens, and the metabolic
syndrome in a longitudinal study of aging. J Clin Endocrinol
Metab 2007;92:3568–72.

11. Mohr BA, Bhasin S, Link CL, O’Donnell AB, McKinlay JB.
The effect of changes in adiposity on testosterone levels in
older men: longitudinal results from the Massachusetts male
aging study. Eur J Endocrinol 2006;155:443–52.

12. Kaplan SA, Meehan AG, Shah A. The age related decrease in
testosterone is significantly exacerbated in obese men with the
metabolic syndrome. What are the implications for the rela-
tively high incidence of erectile dysfunction observed in these
men? J Urol 2006;176:1524–7; discussion 7–8.

13. Allan CA, Strauss BJ, Burger HG, Forbes EA, McLachlan RI.
The association between obesity and the diagnosis of androgen
deficiency in symptomatic ageing men. Med J Aust 2006;185:
424–7.

14. Kalyani RR, Dobs AS. Androgen deficiency, diabetes, and the
metabolic syndrome in men. Curr Opin Endocrinol Diabetes
Obes 2007;14:226–34.

15. Yeap BB, Chubb SA, Hyde Z, Jamrozik K, Hankey GJ, Flicker
L, Norman PE. Lower serum testosterone is independently
associated with insulin resistance in non-diabetic older men: the
health in men study. Eur J Endocrinol 2009;161:591–8.

16. Haring R, Volzke H, Felix SB, Schipf S, Dorr M, Rosskopf D,
Nauck M, Schofl C, Wallaschofski H. Prediction of metabolic
syndrome by low serum testosterone levels in men: results from
the study of health in Pomerania. Diabetes 2009;58:2027–31.

17. Stellato RK, Feldman HA, Hamdy O, Horton ES, McKinlay
JB. Testosterone, sex hormone-binding globulin, and the devel-
opment of type 2 diabetes in middle-aged men: prospective
results from the Massachusetts male aging study. Diabetes Care
2000;23:490–4.

18. Laaksonen DE, Niskanen L, Punnonen K, Nyyssonen K, Tuo-
mainen TP, Valkonen VP, Salonen R, Salonen JT. Testosterone
and sex hormone-binding globulin predict the metabolic syn-
drome and diabetes in middle-aged men. Diabetes Care 2004;
27:1036–41.

19. Smith RM, Lee H, Nathan DM. Insulin sensitivity during com-
bined androgen blockade for prostate cancer. J Clin Endocrinol
Metab 2006;91:1305–8.

20. Basaria S, Muller DC, Carducci MA, Egan J, Dobs AS. Hyper-
glycemia and insulin resistance in men with prostate carcinoma



Saad et al.: Testosterone and metabolic syndrome 199

Article in press - uncorrected proof

who receive androgen-deprivation therapy. Cancer 2006;106:
581–8.

21. Yialamas MA, Dwyer AA, Hanley E, Lee H, Pitteloud N,
Hayes FJ. Acute sex steroid withdrawal reduces insulin sensi-
tivity in healthy men with idiopathic hypogonadotropic hypo-
gonadism. J Clin Endocrinol Metab 2007;92:4254–9.

22. Basaria S, Coviello AD, Travison TG, Storer TW, Farwell WR,
Jette AM, Eder R, Tennstedt S, Ulloor J, Zhang A, Choong K,
Lakshman KM, Mazer NA, Miciek R, Krasnoff J, Elmi A,
Knapp PE, Brooks B, Appleman E, Aggarwal S, Bhasin G,
Hede-Brierley L, Bhatia A, Collins L, LeBrasseur N, Fiore LD,
Bhasin S. Adverse events associated with testosterone admin-
istration. N Engl J Med 2010;363:109–22.

23. Haider A, Gooren LJ, Padungtod P, Saad F. Improvement of
the metabolic syndrome and of non-alcoholic liver steatosis
upon treatment of hypogonadal elderly men with parenteral tes-
tosterone undecanoate. Exp Clin Endocrinol Diabetes 2010;
118:167–71.

24. Munzer T, Harman SM, Hees P, Shapiro E, Christmas C, Bel-
lantoni MF, Stevens TE, O’Connor KG, Pabst KM, St Clair C,
Sorkin JD, Blackman MR. Effects of GH and/or sex steroid
administration on abdominal subcutaneous and visceral fat in
healthy aged women and men. J Clin Endocrinol Metab 2001;
86:3604–10.

25. Schroeder ET, Zheng L, Ong MD, Martinez C, Flores C, Stew-
art Y, Azen C, Sattler FR. Effects of androgen therapy on adi-
pose tissue and metabolism in older men. J Clin Endocrinol
Metab 2004;89:4863–72.

26. Allan CA, Strauss BJ, Burger HG, Forbes EA, McLachlan RI.
Testosterone therapy prevents gain in visceral adipose tissue
and loss of skeletal muscle in nonobese aging men. J Clin
Endocrinol Metab 2008;93:139–46.

27. Page ST, Amory JK, Bowman FD, Anawalt BD, Matsumoto
AM, Bremner WJ, Tenover JL. Exogenous testosterone (T)
alone or with finasteride increases physical performance, grip
strength, and lean body mass in older men with low serum T.
J Clin Endocrinol Metab 2005;90:1502–10.

28. Wang C, Nieschlag E, Swerdloff R, Behre HM, Hellstrom WJ,
Gooren LJ, Kaufman JM, Legros JJ, Lunenfeld B, Morales A,
Morley JE, Schulman C, Thompson IM, Weidner W, Wu FC.
Investigation, treatment and monitoring of late-onset hypogo-
nadism in males: ISA, ISSAM, EAU, EAA and ASA recom-
mendations. Eur J Endocrinol 2008;159:507–14.

29. Bhasin S, Cunningham GR, Hayes FJ, Matsumoto AM, Snyder
PJ, Swerdloff RS, Montori VM. Testosterone therapy in men
with androgen deficiency syndromes: an Endocrine Society
clinical practice guideline. J Clin Endocrinol Metab 2010;95:
2536–59.

30. Kelleher S, Conway AJ, Handelsman DJ. Blood testosterone
threshold for androgen deficiency symptoms. J Clin Endocrinol
Metab 2004;89:3813–7.

31. Zitzmann M, Nieschlag E. The CAG repeat polymorphism
within the androgen receptor gene and maleness. Int J Androl
2003;26:76–83.

32. Zitzmann M. Mechanisms of disease: pharmacogenetics of
testosterone therapy in hypogonadal men. Nat Clin Pract Urol
2007;4:161–6.

33. Schaffler A, Muller-Ladner U, Scholmerich J, Buchler C. Role
of adipose tissue as an inflammatory organ in human diseases.
Endocr Rev 2006;27:449–67.

34. Lee DE, Kehlenbrink S, Lee H, Hawkins M, Yudkin JS. Getting
the message across: mechanisms of physiological cross talk by
adipose tissue. Am J Physiol Endocrinol Metab 2009;296:
E1210–29.

35. Kritchevsky SB, Cesari M, Pahor M. Inflammatory markers and
cardiovascular health in older adults. Cardiovasc Res 2005;
66:265–75.

36. Saad F, Kamischke A, Yassin A, Zitzmann M, Schubert M,
Jockenhel F, Behre HM, Gooren L, Nieschlag E. More than
eight years’ hands-on experience with the novel long-acting
parenteral testosterone undecanoate. Asian J Androl 2007;9:
291–7.

37. Travison TG, Araujo AB, Kupelian V, O’Donnell AB, Mc-
Kinlay JB. The relative contributions of aging, health, and life-
style factors to serum testosterone decline in men. J Clin
Endocrinol Metab 2007;92:549–55.

38. Executive Summary of the Third Report of the National Cho-
lesterol Education Program (NCEP) Expert Panel on Detection,
Evaluation, and Treatment of High Blood Cholesterol in Adults
(Adult Treatment Panel III). J Am Med Assoc 2001;285:
2486–97.

39. Swerdloff RS, Wang C. Three-year follow-up of androgen treat-
ment in hypogonadal men: preliminary report with testosterone
gel. Aging Male 2003;6:207–11.

40. Bhasin S, Woodhouse L, Casaburi R, Singh AB, Mac RP, Lee
M, Yarasheski KE, Sinha-Hikim I, Dzekov C, Dzekov J,
Magliano L, Storer TW. Older men are as responsive as young
men to the anabolic effects of graded doses of testosterone on
the skeletal muscle. J Clin Endocrinol Metab 2005;90:678–88.

41. Snyder PJ, Peachey H, Hannoush P, Berlin JA, Loh L, Holmes
JH, Dlewati A, Staley J, Santanna J, Kapoor SC, Attie MF,
Haddad JG Jr, Strom BL. Effect of testosterone treatment on
bone mineral density in men over 65 years of age. J Clin Endo-
crinol Metab 1999;84:1966–72.

42. Snyder PJ, Peachey H, Berlin JA, Rader D, Usher D, Loh L,
Hannoush P, Dlewati A, Holmes JH, Santanna J, Strom BL.
Effect of transdermal testosterone treatment on serum lipid and
apolipoprotein levels in men more than 65 years of age. Am J
Med 2001;111:255–60.

43. Zitzmann M. Pharmacogenetics of testosterone replacement
therapy. Pharmacogenomics 2009;10:1341–9.

44. Saad F, Gooren LJ, Haider A, Yassin A. A dose-response study
of testosterone on sexual dysfunction and features of the met-
abolic syndrome using testosterone gel and parenteral testos-
terone undecanoate. J Androl 2008;29:102–5.

45. Aversa A, Bruzziches R, Francomano D, Spera G. Efficacy and
safety of two different testosterone undecanoate formulations
in hypogonadal men with metabolic syndrome. J Endocrinol
Invest 2010.


