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Abstract

The metabolic syndrome (MS) is comprised of various medical conditions that confer increased
risk of diabetes and cardiovascular disease. The pathophysiological components of MS include
glucose abnormality, obesity or increased waist circumference, increased blood pressure, and
hyperlipidemia. There is an increased risk of hypogonadism in men with the metabolic syndrome
and its individual components, including insulin resistance, considered by some to be at the core
of metabolic syndrome. Hypogonadism may even predict the metabolic syndrome. These factors
are interwoven and impact overall health including sexual dysfunction. One interesting and
important question is whether treating hypogonadism with testosterone replacement will
ameliorate the pathological components of the metabolic syndrome.

Key indexing words: low testosterone, insulin resistance, cardiovascular risk, obesity.

What is the Significance of the Metabolic Syndrome?
The Metabolic syndrome (MS) refers to a clustering of various medical conditions, with a
number of pathological components that contribute to the development of diabetes and
cardiovascular disease. Not all physicians believe the clustering of components is any more
predictive of diabetes and heart disease than any one of its individual components. Recognizing
and identifying these clusters of conditions allows the physician to more aggressively
recommend lifestyle modifications, with the hope of preventing morbidity and mortality.

The MS takes on more meaning because it is widespread, and more common than once
thought. In North America, the prevalence of MS has been estimated to be about 25% in
Caucasians and 30% in Hispanics (Meigs et al, 2003). The prevalence increases with age, and the

prevalence in women closely mirrors that in men (Ford et al, 2002). This has been related, in



part, to the worldwide epidemic of obesity, of which a number of components, if not all, are
related to the MS, either directly or indirectly (Cameron et al, 2004).

An early definition was made by the World Health Organization, but the most commonly
used one in North America is that of the Expert Panel on Detection, Evaluation, and Treatment
of High Blood Cholesterol in Adults: Executive summary of the third report of the National
Cholesterol Education Program (NCEP) (Expert Panel, etc, 2001), although the definition by the
International Diabetes Federation (IDF) is gaining popularity (Balkau and Charles, 1999). The
debate among the proponents and detractors of each definition is beyond the scope of this
review, and is still ongoing, but the concept of the MS by whatever definition is related to
cardiovascular risk and is favored by a majority of investigators.

The risk factors of the MS are concerned with abnormal glucose metabolism, insulin
resistance, increased waist circumference and abdominal fat, increased blood pressure, and
abnormalities of triglyceride and HDL cholesterol metabolism. Table 1 compares the NCEP ATP
111 and the IDF criteria, the former defining 3 of 5 criteria as consistent with MS, while the IDF

insists on increased waist circumference plus 2 of the other 4 criteria as their definition.

Hypogonadism and Metabolic Syndrome

The definition of hypogonadism is at best arbitrary and imprecise. There are many
opinions, such as should we use total testosterone, or free testosterone, and which type of assay
in these categories?. There are many techniques for each type, which vary considerably between
themselves and between the laboratories that perform them. To elucidate all of the variations
would be impossible and beyond the scope of a brief review. We have the solace, in many

studies, that levels are compared in a case-controlled fashion so that significant differences



between groups can be appreciated. In the United States, the standard definition of
hypogonadism by the Federal Drug Administration (FDA) and the Endocrine Society is a total
testosterone value < 300 ng/dL (< 10.4 nmol/L). Although less than ideal, this is the commonly
used definition in the literature.

Recently, the close association between hypogonadism and MS has received more
attention. This is because the prevalence of hypogonadism has been shown to be higher than
previously thought, both in epidemiological studies (Morley et al, 1997) (Araujo et al, 2004) and
in a survey of clinical practice (Mulligan et al, 2006). The epidemiological studies show a
prevalence of hypogonadism of 10-12% (Morley et al, 1997) (Araujo et al, 2004), which has
only been found to be slightly lower, at 6%, when men with symptomatic androgen deficiency
are counted (Araujo et al, 20070. Data from physicians’ clinical practices, however, show a
higher prevalence of hypogonadism, in the range of 36-39% (Mulligan et al, 2006) (Guay and
Seftel, 2008). This is due to the association of high prevalence of hypogonadism with chronic
illnesses. Clearly, prior estimates of hypogonadism were underestimated.

Although age, geography, ethnicity, and lifestyle issues like obesity are related to MS,
hypogonadism also has been shown to have a strong relationship with MS. Kupelian et al
showed that low total testosterone (T) and low sex hormone binding globulin (SHBG) levels
were risk factors for MS, even when they restricted the association to men who were
asymptomatic from their androgen deficiency (Kupelian et al, 2006). They confirmed a previous
study by Muller, et al, showing a high prevalence of low endogenous sex hormones with MS
(Muller et al, 2005). Blouin, et al, showed that men with fewer than three components of the
MS had higher T levels, and that men with three or more components of MS had lower levels of

T (Blouin et al, 2005). This is in keeping with the findings of Kaplan, et al, who found a definite



inverse relationship between the number of components of MS and the total T levels, even in
non-diabetic men (Kaplan et al, 2006).These findings suggest that the more medical problems a
man has, which puts more stress on his body, the lower his testosterone will be. Stress of acute
iliness does lower testosterone, and one study did look at this relationship.Woolf, et al, studied
men with head trauma and found that there was an inverse relationship between the level of
noradrenaline and the level of testosterone, showing that, at least in acute medical stress, the
more adrenalin the more the hypothalamic-pituitary suppression (Woolf et al, 1985).
Longitudinal studies, from the Massachusetts Male Aging Study (Kupelian et al, 2006,) and from
the Baltimore Longitudinal Aging Study (Rodriguez et al, 2007) have confirmed that the
prevalence of MS increases with aging and that it is related to hypogonadism. The relationship of
hypogonadism to MS remains even when using different definitions of MS, and when following

patients prospectively for over ten years (Laaksonen et al, 2005).

Testosterone Levels, Hypogonadism and Components of the Metabolic Syndrome

The components of the MS, and correlates of these components, have been related to sex
hormone levels and hypogonadism. Abnormal glucose metabolism, often with insulin resistance
and glucose intolerance and resultant diabetes is a key component of MS. In a meta-analysis,
Ding, et al (Ding et al, 2006), found approximately 20 studies that showed a high prevalence of
hypogonadism in diabetic men. The relationship was so strong in four of these studies that it was
stated that low testosterone levels predicted future diabetes.

Increased weight and obesity is a core element of MS. Visceral obesity is especially
strongly related to MS and insulin resistance, and has been negatively associated with T levels

(Seidell et al, 1990). Common thinking in the past indicated that obesity increased cardiac risk



by aggravating other cardiac risks, such as hypertension and hyperlipidemia, but Rogers, et al,
showed in a meta-analysis of more than 300,000 persons, that obesity was an independent risk
factor for MS.(Rogers et al, 2007). In a clinical study (Mulligan et al, 2006), and in a long term
longitudinal study (Travison et al, 2007), obesity has also been shown to be negatively related to
testosterone levels

Central or abdominal obesity, as measured by waist circumference, is a classical feature
of the MS, and is the central feature of the IDF definition of MS. It has independently been
associated with reduced testosterone levels (Pasquali et al, 1991) (Osuna et al, 2006). Svartberg,
et al, (Svartberg et al, 2004,)not only found this association in a large number of community
dwelling men, but also found that increasing waist circumference predicted low testosterone
levels (Svartberg et al, 2003,). It has been suggested that waist circumference is better at
predicting T levels than is BMI (Svartberg et al, 2004,). However, the inverse relationship of
BMI with low T levels is very significant (Pasquali et al, 1991,) (Laaksonen et al, 2003,). The
mechanisms by which T production is decreased as BMI increases are not fully understood, but
several facts are known that might be pertinent. Obesity is associated with decreased SHBG
production, which increases total T but decreases free T; this would seem contradictory, but
other factors are at play. Obesity is associated with increased inflammatory cytokine production,
as well as increased aromatization of T to estradiol in peripheral fat tissue. Both of these factors
then decrease the pituitary production of gonadotropins, which, in turn, decrease testicular
production of T. (Kalyani and Dobs, 2007) (Laaksonen et al, 2003). It has also been
hypothesized that elevated leptin levels in obese individuals interfere with LH/hCG stimulation
of androgen production, thereby decreasing androgen levels (Isidori et al, 1999,). Insulin

resistance is an integral part of MS as it has a high prevalence in obesity and type 2 diabetes. A



definite inverse relationship has been found between T and insulin resistance, and persists
whether total, free, or bioavailable testosterone measurements are used (Tsai et al, 2004).

Hypertension has also been associated with hypogonadism, as well as its long known
affiliation with cardiovascular risk. Mulligan, et al, have shown that more men with hypertension
have low T levels than normal T levels (Mulligan et al, 2006). The incidence of hypogonadism
was found to be 30.8% in men with erectile dysfunction (Guay and Seftel, 2008), where the
prevalence of hypertension in men with erectile dysfunction was found to be 44.0%, similar to
that seen in primary care practices. Svartberg, et al, also found that individuals presenting with
hypertension will have lower total T values than those who do not have hypertension,
independent of age (Svartberg et al, 2004). Smith, et al, showed that androgen deprivation in
men with prostate cancer could also induce hypertension and arterial stiffness, even after only
several months (Smith et al, 2001).

Lipid abnormalities are also part of the MS, in the form of elevated triglycerides and
decreased HDL cholesterol. Dobs, et al (Dobs et al, 2001) found that in hypogonadal men, before
therapy, the BMI had strong negative correlations with both HDL cholesterol and T
concentrations, while T had slight, and nearly significant correlation with HDL concentrations. T
suppression in men with prostate cancer resulted in elevated total and LDL cholesterol levels
over baseline values, after only 3 months of therapy (Dockery et al, 2003); these same authors
also showed an increase in insulin resistance with testosterone depletion. Smith, et al, showed
abnormalities in both cholesterol and triglycerides after both short and long term androgen
deprivation therapy (Smith et al, 2006). Similar abnormalities in cholesterol and triglyceride
metabolism have been demonstrated in diabetic men undergoing androgen deprivation as the

testosterone levels declined (Haider et al, 2007).



Hypogonadism, Metabolic Syndrome and Sexual Dysfunction

The MS and erectile dysfunction are related as the same risk factors are seen in both
conditions (Walczak et al, 2002). Thompson, et al (Thompson et al, 2007) studied over 9,000
men for over five years and found that the hazard ratio of men with new erectile dysfunction for
cardiovascular events was 1.45. Corona, et al, (Corona et al, 2006) consecutively evaluated over
800 men seen for sexual dysfunction, and found MS in 29.4%; further 96.5% of the men with the
MS had erectile dysfunction. Using strict criteria for hypogonadism, a total T <8 nmol/L (<230
ng/dL), the incidence of hypogonadism in the men with the MS was 11.9%, versus 3.8% in the
rest of the sample. Low T in men with the MS was also related to other sexual symptoms, such
as hypoactive sexual desire, decreased frequency of sexual intercourse, and was also related to
depressive symptoms, although it was not certain if these were primary or reactive to the sexual
issues. The authors also showed an inverse relationship between the total T levels and the
number of the MS components; the low testosterone levels were strongly related to the fasting
glucose levels and the elevated waist circumference measurements. Of interest also was the
inverse relationship between penile blood flow, erectile function, which also is significantly
related to the number of MS components. As opposed to testosterone and the MS components,
the strongest factors relating to penile blood flow were elevated blood pressure and elevated
fasting blood glucose. The relationship of erectile physiology to the MS and hypogonadism is
not surprising as a recent review of the literature proved that testosterone is related to many
facets of erectile physiology and penile blood flow mechanics (Traish and Guay, 2006).

Esposito, et al, has shown that the prevalence of ED among men with the MS increases
with the number of MS components (Esposito et al, 2004). With increasing components, the

prevalence increased from 20% to 35%. Heidler, et al, has further shown that the MS is an



independent risk factor for erectile dysfunction (Heidler et al, 2007). Bansal, et al, reviewed 154
men with organic erectile dysfunction, and found that 43% had MS by the NCEP ATP 1lI
criteria, versus 24% in a similar population of Caucasian men (Bansal et al, 2005). Of further
interest, 79.2% of the men had insulin resistance, versus 25% in the general population. Insulin
resistance is thought to be at the core of MS, and 90.9% of the men with MS in this population
had insulin resistance. A further analysis showed that the more severe the erectile dysfunction,
the higher the incidence of MS and of insulin resistance (Table 2). Guay, et al (Guay and
Jacobson, JSM) made a further analysis of this population in which they examined the
relationship between hypogonadism and insulin resistance. In men with hypogonadism, 92.3%
had insulin resistance, and in the men without hypogonadism, 25.2% had insulin resistance. This
highlights the strong relationship between low testosterone and insulin resistance. Clearly,
erectile dysfunction represents a warning signal regarding the presence of MS and insulin
resistance, all being clear risk factors for cardiovascular disease, and reinforcing the relationship
shown in figure 1.

In a recent study by Zhody, et al, the relationship between erectile dysfunction, androgen
deficiency, and the MS was solidified by another means: the measurement of BMI (Zhody et al,
2007). With increasing BMI, the incidence of erectile dysfunction and hypogonadism increased
in a strong positive correlation. Using the corpus duplex ultrasound, the authors found that if
BMI was < 25, approximately 23.1% of the men had vasculogenic erectile dysfunction, as
compared to 59.3% of the men whose BMI was > 25. It follows that if circulation is decreased,
then oxygen saturation to the penis would be decreased. Padmanabhan, et al, found that men
with erectile dysfunction had lower penile corporeal oxygen saturation than did men without

erectile dysfunction (Padmanahbhan and McCullough, 2007). Recently, a good review of the
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literature found a strong link between male infertility and MS, with good discussions of the

contributions of the various components of the MS (Kasturi et al, 2008).

Could Treatment of Hypogonadism Help to Correct Components of the Metabolic
Syndrome?

It is well known that testosterone therapy in men with androgen deficiency improves
energy, body composition, and a number of other abnormalities. It is intriguing to speculate that
correcting the hypogonadism associated with insulin resistance and MS might correct some or all
its components. The data available in this area is preliminary but promising. Pittleloud, et al,
showed that acutely lowering human Leydig cell production of testosterone rapidly caused
insulin resistance (Pittleloud et al, 2005a), and later showed that testosterone replacement rapidly
increased insulin sensitivity within a few days, eliminating implicating changes in BMI or fat
mass (Pitteloud et al, 2005b). This also highlights the possible bidiredctionality of low
testosterone with medical conditions. Here we have a very close and rapid relationship between
low testosterone and insulin resistance, with very rapid reversal, suggesting bidirectionality of
cause and effect. There is much more to be studied here.

In another clinical situation, Kapoor, et al, studied men with type 2 diabetes. The authors
found that a significant percentage of the men had symptomatic low testosterone levels and that
the testosterone levels were negatively correlated with BMI and waist circumference (Kapoor et
al, 2007). The authors treated hypogonadism in these diabetic men and found that there was
improvement in a number of metabolic parameters related to the MS, including fasting glucose,

fasting insulin, HbAL1C, and weight (Kapoor et al, 2006). Muller, et al, (Muller et al, 2005)
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actually found that for every standard deviation that testosterone is raised in aging men
(approximately 152 ng/dL per SD ) the risk of the MS is reduced by 57 %.

Saad, et al, compared the results of testosterone treatment in elderly men with late onset
hypogonadism with either a testosterone gel or a long acting injection (Saad et al, 2008). Both
treatment parameters aided sexual symptoms and also improved waist circumference and several
lipid parameters, with a trend toward lowering blood pressure. Allen, et al (Allen et al, 2008),
showed that testosterone replacement therapy for a year selectively lessened visceral fat
accumulation, the fraction that best correlates with cardiovascular risk. Heufelder,et al
(Heufelder et al, 2007), showed that lifestyle modifications, when used with T supplementations
in hypogonadal men with type 2 diabetes, may have a synergistic effect on waist circumference.

Although these studies are promising, the numbers of patients studied are small, and the
treatment courses are short term. Larger, prospective studies are needed in hypogonadal men
with the MS, which will determine if testosterone therapy indeed correct multiple components of

the MS and decrease the risk of cardiovascular disease.
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Table 1. The various components of the NCAEP ATP Il and IDF definitions of the

metabolic syndrome in men

NCEP-ATP 111"#12)

IDF (ref#4 )

> 3 of 5 criteria

Criteria #2 plus 2 of the other 4

1. Hyperinsulinemia FBS > 110 mg/dL FBS > 100 mg/dL
Hyperglycemia (= 6.1 nmol/L)
or T2DM
or T2DM
2. Increased Body Size
WC >102 cm WC =94 cm
3. Triglyceride > 150 mg/dL > 150 mg/dL

(=2.3 mmol/L)

(= 2.3 mmol/L)

4. HDL Cholesterol

<40 mg/dL
(< 1.03 mmol/L)

<40 mg/dL
(< 1.03 mmol/L)

5. Blood Pressure

BP > 130/85 mmHg
or HTN on Rx

Systolic BP

> 130 mmHg
Diastolic BP

> 85 mmHg
or HTN on Rx

Table 2. The relationship between severity of erectile dysfunction and the incidence of metabolic

syndrome and insulin resistance in a population of men with organic erectile dysfunction.

SEVERITY OFED | METABOLIC SYNDROME (%) | INSULIN RESISTANCE (%)
g/II—I|IIdME1D7-21 145 19.1
g"lj’ldl\‘jlraltlefg 355 255
overe = 50.0 46.8

SHIM = Sexual Health Inventory for Men
Adapted from Bansal, et al, 2005.
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Figure 1._ The interrelationships between metabolic syndrome and hypogonadism with chronic
ilinesses and cardiovascular risks are shown and do appear to be quite interwoven. (Reprinted

with permission from the Journal of Andrology, Traish et al. 2008.)
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