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Serum testosterone level reflects the integrity of
the Hypothalamic Pituitary Gonadal axis. Primary
hypogonadism is caused by defects in testes. Secondary

hypogonadism is because of either hypothalamic or pituitary
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defect. Combined defects in both primary and secondary
level have also been noted.

The age-related decline in testosterone levels' ? results
from defects in both testicular and hypothalamic-pituitary
function. Average decline in serum testosterone levels with
aging in men is reported around 1-2% per year."* So, only a
subset of aging men will have levels clearly below the lower
limit of the normal range for healthy, young subjects.?

Type 2 diabetes (T2DM) is associated with low total
testosterone in different cross-sectional studies. Total T
concentrations are determined to a large extent by circulating
sex hormone-binding globulin (SHBG) concentrations.
In the blood of normal men, 44% of total T is bound to
SHBG, 2% is unbound [free T], and 54% circulates bound
to albumin and other proteins.* Albumin-bound T can freely
disassociate in capillaries. So, all the non-SHBG-bound T
(also called BT) is therefore available for tissue uptake.’
Circulating SHBG concentrations depend on a number
of factors. SHBG levels decrease in obesity and increase
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with aging. Type 2 diabetics have even lower SHBG levels
compared with age- and BMI matched nondiabetics®.

Barrett-Connor 7 in the Rancho Bernardo Study found
that the 44 elderly men (age range: 53-88,mean: 72 yr)
with T2DM had lower free (4.96 nmol/L compared with
5.58 nmol/L) and total Testosterone (14.7 nmol/L compared
with 17.4 nmol/L) levels than age- and BMI-matched 88
nondiabetics.Lower levels of total T was also noticed in
men with impaired glucosetolerance group in the Rancho
Bernardo study.® Total testosterone and fasting plasma
glucose were inversely associated in men (P = 0.0001).%

Another case control study observed lower total T
levels in 16 European and 77 Melanesian men with T2DM
compared with an equal number of controls.’

Andersson et al.'° reported lower total T and SHBG
levels in 46 diabetics compared with 11 healthy men of
similar BMI and age.

InIran,' total testosterone (TT) and SHBG were measured
in 247 diabetic men aged >30 years who had symptoms of
androgen deficiency, according to ADAMSs questionnaire.
Free and bioavailable testosterone were calculated by
electronic calculator. According to TT and cBT, overt
hypogonadism was observed in (total testosterone <8 nmol/
or calculated bioavailable testosterone <2.5 nmol/
7.4% and 61.6% of men, respectively!! and bo ine
hypogonadism was found (as TT 8-12 nmol/L{or c
2.5-4nmol/l) in 9.9% and 36%, respectively.
(TT <12 nmol/l) was not correlated with o
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Dhindsa ef'al™™ found that luteinizing hormone (LH) and
follicle stimulating hormone (FSH) levels were significantly
lower in the hypogonadal group compared with patients
with normal free testosterone (FT) levels. They concluded

that hypogonadotropic hypogonadism occurs commonly in

T2DM. If it is believed that the low total T in obesity is
caused by lowSHBG concentrations, then FT levels should
not be low in massively obese males. But, it is not the
fact. Obesity is associated with increased plasma levels of
TNFa, IL-6, C-reactive protein, and adhesion molecules."
TNF a and IL-1 can reduce hypothalamic GnRH and

secretion.'®

Endocrine Society 7 recognized high prevalenée of

testosterone level in diabetes and suggested assessmen

of the Hypothalamic Pituitary Gonadal ,axis in

conditions including diabetes.
Over the last decade concepts ar
hypogonadism and testosterone

insulin resistance and subseq

et al. found that testosterone suppression
agonist in men with prostate cancer leads to
in arterial stiffness and hyperinsulinaemia in
! Smith JC et al.?? reported same effects of induced
pogonadism on arterial stiffness, body composition and
metabolic parameters in males with prostate cancer in 2001.

Kapoor et al.® reported in their study that testosterone
treatment reduced insulin resistance and improved
glycaemic control in hypogonadal men with T2DM.

Insulin resistance is improved chiefly through reduction
in visceral adiposity following testosterone treatment. In the
background of excess visceral fat, liver is exposed to higher
amounts of free fatty acids. It leads to hepatic and eventually
systemic insulin resistance.?*

An anti-inflammatory effect of testosterone replacement
therapy has been established. Testosterone reduces TNF a,
II-1b levels and increases anti-inflammatory cytokineIL-10
levels.

So, insulin resistance and testosterone deficiency walk
hand in hand. One can enhance the other. Improvement
of one side with help of available protocol may help in
betterment of another side. But, recent adverse report,
published on January 29", 2014 in PLoS One online journal

done by William D Finkle et al, of testosterone therapy in
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elderly hypogonadal persons with cardiovascular risk also
raises a question mark regarding routine use of testosterone
in this group of persons.The increased risk was found in
men younger than 65 years of age with a history of heart
disease, and in older men even without a history of the
disease. In both groups, heart attack risk doubled within 90
days of testosterone therapy.

Diagnosis
Endocrine Society'” suggested assessment of Hypothalamic
Pituitary Gonadal axis in diabetes. Diagnosis of androgen
deficiency should only be made in men with characteristic
symptoms and signs along with unequivocally low
testosterone levels.

History suggestive of hypogonadism (such as poor
general well being, fatigability, poor motivation, low self
confidence, mood and irritability, poor concentration and
memory, difficulty sleeping, hot flushes and sweats, loss of
hair, loss of height, frequency of shaving) should be taken
from each patient. The ADAM Questionnaire is a time teste
instrument in this regard.
should be
preferably in the morning to avoid bias

Testosterone  concentrations

required to diagnose
Wang C et al.”” reported

ically by equilibrium
nsidered gold standard
le testosterone levels are

1. Doy decrease in libido (sex drive)?

. Do you a lack of energy?
0 yo ve a decrease in strength and/or endurance?
4 ou lost height?
5. Have you noticed a decreased “enjoyment of life”?
Are you sad and/or grumpy?
7. Are your erections less strong?

8. Have you noted a recent deterioration in your ability to play
sports?

9. Are you falling asleep after dinner?

10. Has there been a recent deterioration in your work
performance?
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measured by the ammonium sulfate precipitation method. It
precipitates SHBG and SHBG-bound testosterone. Unbound
and albumin-bound testosterones are left in the supernatant.
But, equilibrium dialysis and ammonium sulfate methods
are technically challenging and are not wi
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Pre ions
ilable for therapeutic use in various

Testostéro

sterone enanthate or cypionate is relatively
al dose is 100 mg IM weekly or 200
weeks. After a single IM injection, serum

end of the dosing interval giving rise to peaks and troughs in
serum testosterone level. It is the reason behind fluctuation
of mood and sexual desire. It can be identified by low serum
testosterone levels just before next injection and minimized
by reducing dosing interval. Dose usually is titrated by
measuring serum testosterone levels at the midpoint of
dosing interval.

Transdermal Testosteronemay be used in the form
of Testosterone Gel and patch. They are not producing
supraphysiologic serum testosterone levels. These are
relatively expensive preparations and patients must be
motivated for daily applications. Short duration of action
makes rapid withdrawal possible.

Testosterone patch is usually applied over scrotal
skin which can deliver 2.5 to 5 mg of testosterone daily.
Testosterone patch may produce skin irritation. Topical
triamcinolone acetonide 0.1% cream can reduce this
problem.

Testosterone gel is applied daily in the morning over
dry skin of shoulder, arm, abdomen and flanks. But scrotal
skin is spared. It may be transferred to others through body
contact. But, skin irritation is uncommon with gel form. A
steady state of serum testosterone levels is achieved with
testosterone gel preparations. 2.5 gm of gel contains 25 mg of
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testosterone and 5 gm of gel contains 50 mg of testosterone.

TABLE 1 | Contraindications to testosterone administration'’

10% of this is absorbed. Starting dose is usually 5 gm of gel

daily. After 2 weeks, it is titrated either to 7.5 gm or 2.5 gm B

based on response. e Metastatic prostate cancer

. . I e Breast cancer
Testosterone undecanoate formulation in castor oil is

.. . . M high risk of
administered orally. It is absorbed preferentially through the oderate to high risk of adverse outcomes

Undiagnosed prostate nodule or induration

Unexplained PSA elevation

in the liver is spared. It is absorbed better with food. Doses Erythrocytosis (hematocrit > 50%)

of 40 to 80 mg two or three times daily are typically used. Severe BPH symptoms as indicated by an AmericafiiUrologica
Association/International Prostate Symptom Score 349
Unstable severe CHF (class lll or IV)

lymphatics into systemic circulation. First-pass degradation

However, the clinical responses are variable and suboptimal.
Because of short duration of action, rapid withdrawal is

possible.

An injectable preparation of testosterone undecanoate in ~
castor oil has been approved. 1000 mg of testosterone in Table 2 | Potential adverse effects of testosterone replacement |
4 ml is administered IM in the gluteus muscle followed by
another dose 6 weeks later then every 10 to 14 weeks. Erythrocytosis

Acne and oily
Monitoring

Growth

Clinical response to testosterone therapy is assessed 3 Reduced

to 6 months after starting therapy. By this time, most
treated persons are expected to have some improvements.
Biochemical goal is to achieve serum testosterone in the
mid normal range. For testosterone enanthate or cypionate

preparation, serum testosterone is measured after 3 tg

. . ctive sle pnea
6 months of therapy mid way between two consecutive

injections. For testosterone patch preparationg’serim
testosterone is measured after 3 to 4 weeks of the

after 2 weeks of therapy at any time

Adverse Effects
Testosterone therapy shouldijbe avoid:

o 17
metastatic prostate cancer st cancer. Because, hsdermal Patches

it has potential to ote of these cancers. Skin reactions at application site

Testosterone i to estradiol in ransdermal Gel
e Potential risk for testosterone transference to partner (need to remind
patient to cover application sites with a clothing and to wash skin and hands

with soap prior to having skin-to-skin contact with another person)
Buccal Tablets
e Alterations in taste
e |rritation of gums

tissues and ca

stive heart failure and induction or worsening of obstructive sleep apnea

te nodule, induration, during testosterone therapy is low.

Testosterone should be discontinued when hematocrit
is greater than 54%; therapy may be reinitiated at a lower
dose when hematocrit has fallen to a safe level (<50%).
Transdermal therapy®® produces a lesser increase in
hemoglobin levels than testosterone esters. Erythrocytosis
is possibly through its effects on erythropoietin and stem

cell proliferation.”

testosterone.

The most common testosterone-related adverse events!” .
Conclusion

Interactions between insulin resistance and testosterone

include erythrocytosis, acne, oily skin, and breast tenderness.

The frequency of other adverse events like gynecomastia
have been explored over the years revealing a bidirectional
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relationship. Different authors are of different opinion
regarding use of testosterone in this background. Some have
found improvement even in insulin resistance parameters
in addition to hypogonadal symptoms. Though this has
not been supported by other findings, Emily J. Gianatti
et al® found that testosterone therapy did not improve
glucose metabolism or visceral adiposity in obese men
with moderately controlled T2DM. So, we have to wait for
an answer revealing safe and working relationship more

confidently between these two.
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