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Measuring testosterone levels became easier in the 1970s, and it wasn’t 

long before levels were being checked in men across all age groups. At 

that time, several authors reported an age-associated decline of serum 

testosterone levels beginning in the fourth or fifth decades of life. Other 

studies found that the decline in testosterone with age might be more 

related to comorbidities that develop in many aging men. Aggressive mar-

keting campaigns by pharmaceutical companies have led to increased 

awareness of this topic, and primary care physicians are seeing more 

patients who are concerned about “low T.” Unfortunately, testosterone 

replacement therapy has not been straightforward. Many men with low 

testosterone levels have no symptoms, and many men with symptoms 

who receive treatment and reach goal testosterone levels have no im-

provement in their symptoms. The actual prevalence of hypogonadism 

has been estimated to be 39% in men aged 45 years or older presenting 

to primary care offices in the United States. As the US population ages, 

this number is likely to increase. This article, targeted to primary care 

physicians, reviews the concept of late-onset hypogonadism, describes 

how to determine the patients who might benefit from therapy, and of-

fers recommendations regarding the workup and initiation of treatment.

A 
56-year-old overweight man with symptoms of low en-
ergy, daytime sleepiness, and decreased libido happens to 
be watching a golf tournament on TV from his favorite 
recliner and suddenly a commercial appears. Th is patient 

is in your offi  ce the following Monday and asks you, “Is it low T?”
Aggressive marketing campaigns by pharmaceutical 

companies have led to increased awareness of hypogonadism 
among men, who may then present to the clinic requesting 
testing or treatment (1). As a result, primary care physicians 
are seeing more patients like the one described above. Th e 
physiological age-related decrease in testosterone production 
should be differentiated from late-onset hypogonadism 
(LOH), defi ned as the presence of three sexual symptoms and 
low testosterone (low T) in aging men (2). Th is defi nition 
was proposed to help clinicians identify aging men with low 
testosterone who could potentially benefi t from hormonal 
replacement therapy. Th e purpose of this article is to review 
the data on LOH, also known as low T, and present the most 
recent evidence and recommendations regarding the approach 
to the patient from our case scenario.
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PHYSIOLOGY AND DEFINITIONS 
Male reproductive endocrine physiology involves the 

hypothalamic-pituitary-target organ and feedback model. 
Disruptions at diff erent levels of this pathway can lead to 
disturbed androgenic eff ects: primary disorders of the testes 
(primary hypogonadism), disorders of the pituitary or 
hypothalamus (secondary hypogonadism), and disorders of 
androgen action on target tissue or androgen resistance. Other 
less common entities that manifest as androgen defi ciency 
include chronic stress (by suppressing gonadotropin-releasing 
hormone secretion) and exogenous glucocorticoids, which can 
theoretically block the eff ects of testosterone on its target tissues 
(3). 

In men, testosterone levels increase from puberty to 
adulthood and then progressively decline starting by the 
fourth or fi fth decade of life (4). Multiple studies have raised 
the question of whether or not the declining T level seen in 
aging men is a natural age-related process or is caused by the 
accumulation of multiple chronic medical illnesses that virtually 
all aging men experience. One small study investigated this 
question by looking at groups of men across diff erent age 
groups who were in “very good or excellent health” (5). Th e 
authors found no statistically signifi cant diff erence in serum 
total testosterone levels across the cohorts grouped by decades 
of age. Th eir data support the idea that “the decline in serum 
T with male ageing is a non-specifi c eff ect of the common 
co-morbidities that accumulate during ageing” (5). Despite 
this novel study’s results, the fact remains that most aging men 
seen in primary care offi  ces are very likely to have at least two 
chronic medical illnesses (6) and are dissimilar from the study 
population. It would be helpful if health care professionals could 
identify men with low serum testosterone levels who are likely 
experiencing symptoms purely from androgen defi ciency and 
would therefore benefi t from treatment.
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LATE-ONSET HYPOGONADISM
Symptoms of hypogonadism are highly nonspecifi c and 

include decreased libido, erectile dysfunction, decreased volume 
of ejaculate, loss of body and facial hair, decreased bone density, 
decreased lean body mass, increased body fat, fatigue, weakness, 
increased anxiety, profuse sweating, and anemia (7). It is 
challenging to diff erentiate these symptoms from those that 
result from aging per se, and this was one of the reasons why 
the concept of LOH was introduced.

LOH is defi ned as a total testosterone level <300 ng/dL 
combined with the presence of three sexual symptoms:
• Decreased frequency of morning erection
• Erectile dysfunction
• Decreased frequency of sexual thoughts

Sexual symptoms have been found to be more strongly 
associated with androgen defi ciency and are therefore specifi ed 
in the definition of LOH (8). This syndromic approach 
involving clinical and biochemical criteria allows physicians to 
identify patients who are symptomatic from androgen defi ciency 
and separate them from those with isolated biochemical 
hypogonadism and nonspecifi c symptoms from aging. Further 
research by the European Male Aging Study has found an 
association between LOH and end-organ defi cits compatible 
with androgen defi ciency, specifi cally low hemoglobin, reduced 
bone mineral density, and reduced muscle mass (2). 

Data on the prevalence of low T are highly variable due to 
the diff erent cutoff s used to defi ne low testosterone and the 
clinical syndrome of LOH (3, 9, 10). Th e Massachusetts Male 
Aging Study (10), an observational cohort study conducted on 
healthy men aged 40 to 70 years from the Boston area, estimated 
that the prevalence of androgen defi ciency (total 
testosterone <400 ng/dL) in men in this age group 
was 25.3% to 39.3%, but when considering the 
presence of at least three signs or symptoms of low 
T (the defi nition of LOH), the prevalence dropped 
to 6% to 12%.

DIAGNOSIS
Guidelines, including the most recent guidelines 

published by the Endocrine Society in 2010, 
recommend against screening asymptomatic patients 
and against case finding with tools such as the 
ADAM (Androgen Defi ciency in the Aging Male) 
questionnaire. Guidelines do recommend considering 
case detection, which involves testing specifi c groups 
of patients that may be at higher risk of androgen 
defi ciency due to certain comorbid diseases (type 
2 diabetes mellitus, moderate to severe chronic 
obstructive pulmonary disease, obesity, etc.) (11).

Symptoms are mostly nonspecific. Even 
the sexual symptoms can be due to many other 
conditions, including vascular disease, chronic 
alcohol use, and depressive disorders. Th us, many 
men are seeking solutions for these bothersome 
symptoms, which may involve indiscriminant 
testing and possible overtreatment.

Th e physical exam also is generally nonspecifi c. Typical 
exam or diagnostic fi ndings include obesity, loss of body hair, 
gynecomastia, mild anemia, and osteoporosis. Testicular volume 
may be decreased (normal volume 15 to 30 mL, equivalent to the 
size of a quarter dollar coin). In addition to size determination, 
the testes should be palpated to rule out the presence of a 
mass, which may represent a benign or malignant tumor. A 
pituitary mass may cause visual fi eld defi cits, and prolactinomas 
specifi cally can cause galactorrhea (11, 12).

Th e diagnostic approach to hypogonadism is illustrated in 
Figure 1. Normal values for testosterone levels vary among diff erent 
sources (2, 11, 12). Th e most common cutoff  transitioning from 
normal to low ranges from 280 ng/dL to 320 ng/dL; the guidelines 
recommend using 300 ng/dL as the cutoff  (11). Serum testosterone 
levels exhibit ultradian and circadian variation, providing 
physiologic sources of biologic variability. Ultradian fl uctuations 
(rhythmic fl uctuations of less than a 24-hour period but more 
than 1 hour) are more pronounced in older men, while circadian 
variation in testosterone is blunted, but still present, in older men 
(12). Th erefore, except in older men, a morning (7 to 11 am) serum 
total testosterone should be checked initially, if testing is necessary. 
Th ere is some evidence that a glucose load can signifi cantly decrease 
testosterone levels for a short time, so conducting this test in the 
fasting state may result in improved accuracy (13). If initial test 
results are low, repeat measurements are recommended in 2 to 3 
weeks, since repeat levels may be within the normal range in up to 
30% of cases. Additionally, at this point it is prudent to consider 
outside infl uences on sex hormone production and address these 
issues fi rst if appropriate. Such issues include use of corticosteroids 
or opiates, malnutrition, acute illness, alcoholism, and cirrhosis 

Figure 1. Diagnostic approach for patients suspected of having hypogonadism.
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(5, 11, 12). If the testosterone levels are equivocal, consider checking 
a free or bioavailable testosterone level. It is important to note that 
there is an age-associated increase of sex hormone binding globulin 
levels by about 1.2% per year, so the decrease of free testosterone 
is larger than that of total serum testosterone in older patients.

If testosterone is confi rmed to be low, it is recommended 
to categorize the hypogonadism as primary or secondary by 
checking levels of luteinizing hormone and follicle-stimulating 
hormone. Elevated levels of these hormones would indicate 
primary testicular failure. Causes include LOH, Klinefelter 
syndrome, and infectious diseases such as chlamydia- and 
gonorrhea-associated epididymo-orchitis and mumps. If 
luteinizing hormone and follicle-stimulating hormone levels 
are low (or inappropriately normal), secondary hypogonadism 
is diagnosed and hypothalamic/pituitary pathologies should be 
considered (11, 12) depending on the patient’s presentation.

TREATMENT
Once the diagnosis of LOH is confi rmed, testosterone 

replacement therapy (TRT) should be considered with the goals 
of improving secondary sexual characteristics, sexual function, 
sense of well-being, and bone mineral density. During the initial 
workup, if a clear treatable condition that explains androgen 
defi ciency is diagnosed, it should be addressed fi rst (11, 14). 

In obese individuals, several studies have demonstrated that 
intense lifestyle intervention and weight loss are associated with 
a rise in testosterone levels. Androgen rise has been found to 
be greater in those patients who lose more weight (14, 15). It 
is therefore important to recommend weight loss either prior 
to or concomitant with TRT in obese patients. Obese patients 
should also be assessed for obstructive sleep apnea, which is also 
an important cause of low T (16).

TRT in older men with low testosterone concentrations 
has been associated with improved libido, sexual function, 
mood, and possibly muscle strength (12, 17). Improvement in 
bone mineral density has been reported, but no studies exist 

that determine whether the risk of fractures in these patients 
decreases when receiving TRT (11, 12, 18).

Controversy exists about the long-term safety of TRT. 
Although several studies have reported a signifi cant reduction 
of carotid intima media thickness; decreases in fat mass, blood 
pressure, fasting glucose, and insulin resistance; and increases 
in high-density lipoprotein cholesterol (12, 19), the eff ect of 
TRT on cardiovascular risk is still uncertain. One study in 
men older than 65 years of age with limitations in mobility 
and a high prevalence of chronic disease concluded that 
the application of a testosterone gel was associated with an 
increased risk of cardiovascular adverse events (20). Many argue 
that the investigators used higher dosages of testosterone than 
recommended by the guidelines or that the results might have 
been associated with increased hematocrit in the treatment group. 
In contrast, other studies have found increased cardiovascular 
mortality in patients with testosterone defi ciency (19). Further 
studies are needed to determine the exact role of testosterone 
and TRT in cardiovascular risk. Th is is an issue patients should 
be aware of when considering TRT. Debate also surrounds to 
what extent metastatic prostate cancer and breast cancer may 
be stimulated during testosterone treatment. For this reason, 
all men should be assessed for risk of breast and prostate cancer 
prior to treatment. Other potential side eff ects of TRT include 
fl uid retention, acne, sleep apnea, gynecomastia, and infertility 
(11). Th e 2010 guidelines list the following contraindications 
to TRT: breast cancer, severe lower urinary tract symptoms, and 
poorly controlled heart failure.

Th e diff erent testosterone preparations available include 
intramuscular formulations, topical gels, solutions, and skin 
patches. Tablets and implanted subcutaneous pellet formulations 
are less commonly used options. Each preparation has advantages 
and disadvantages and should be presented as an option to the 
patient (Table 1). Intramuscular injections are administered 
every 2 to 3 weeks and trade the inconvenience of bimonthly 
injection visits with the avoidance of possible medication contact 

Table 1. Therapeutic options for testosterone replacement therapy

Preparation Route Advantage Disadvantage

Testosterone cypionate, 

Testosterone enanthate

Intramuscular Effective, avoids daily 

 administration

Requires intramuscular injection of oily solution

Patch Transdermal Relatively convenient, stable 

serum concentrations

Daily application, rash in up to 30%, unavailable in 

some countries

Gels Transdermal Consistent serum levels Daily application, theoretical transfer to others upon 

skin contact

Injection (pellets) Subcutaneous fat implants Only needed every 3–6 months Requires surgical implantation

Fluoxymesterone,

Methyltestosterone

Oral Convenience Up to 4 daily doses may be needed, potentially 

 significant hepatic effects and first-pass metabolism 

leading to ineffective therapy

Testosterone undecanoate Oral Convenience Same as other orals but possibly fewer hepatic 

 effects; available in Canada and Europe, not USA

Buccal testosterone Oral (patch that adheres to 

buccal mucosa)

Convenience Some dropout in trials due to discomfort due to patch
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with other household members. A disadvantage of the injections 
is the fl uctuation in serum testosterone concentration that can 
cause fl uctuating libido, energy level, and mood. Transdermal 
forms off er more stable concentrations (13), but they can cause 
rash in the applied area. 

MONITORING AND FOLLOW-UP
Th e general target level for testosterone ranges from 350 to 

750 ng/dL, which is roughly the range for healthy, androgen-
suffi  cient adult men. Testosterone levels should be monitored 3 
to 6 months after initiation of treatment. Patients receiving the 
intramuscular testosterone enanthate or cypionate should have 
levels checked midway between injections, and levels should be 
checked 3 to 12 hours after application in the case of transder-
mal patches (11, 13).

Th e recommended duration of testosterone administra-
tion is uncertain. A hematocrit test is recommended prior to 
therapy initiation to establish a baseline for future monitoring. 
Hematocrit and prostate-specifi c antigen (PSA) levels should 
be measured 3 to 6 months after treatment initiation and then 
annually. TRT should be reconsidered in patients with a hema-
tocrit >50%. An increase in PSA of more than 1.4 ng/mL within 
a 12-month period of testosterone treatment or an International 
Prostate Symptom Score above 19 should prompt urological 
evaluation. On the other hand, what should a clinician do with a 
PSA value that increases to a lesser degree per year but is steadily 
increasing every time it is checked? Th is can be managed using 
the concept of PSA velocity. Any PSA velocity >0.4 ng/mL per 
year should also prompt urological evaluation (at least 2 years 
of measurements are needed, based on PSA values measured 
at least 6 months after initiating therapy). For example, PSA 
levels of 1.5 ng/mL, 2.3 ng/mL, and 3.3 ng/mL over 3 years 
do not meet the fi rst indication for urology referral (more than 
1.4 ng/mL over a year’s time) but show an average PSA velocity 
of 0.9 ng/mL and require referral based on that criterion (11).

1. Gentry J, Price DJ, Peiris AN. Hypogonadism in primary care: the low-
down on low testosterone. South Med J 2013;106(9):492.

2. Tajar A, Huhtaniemi IT, O’Neill TW, Finn JD, Pye SR, Lee DM, Bartfai 
G, Boonen S, Casanueva FF, Forti G, Giwercman A, Han TS, Kula K, 
Labrie F, Lean ME, Pendleton N, Punab M, Vanderschueren D, Wu 
FC; EMAS Group. Characteristics of androgen defi ciency in late-onset 
hypogonadism: results from the European Male Aging Study (EMAS). J 
Clin Endocrinol Metab 2012;97(5):1508–1516.

3. Whirledge S, Cidlowski JA. Glucocorticoids, stress, and fertility. Minerva 
Endocrinol 2010;35(2):109–125.

4. Kaufman JM, Vermeulen A. Th e decline of androgen levels in elderly men 
and its clinical and therapeutic implications. Endocr Rev 2005;26(6):833–
876.

5. Sartorius G, Spasevska S, Idan A, Turner L, Forbes E, Zamojska A, 
Allan CA, Ly LP, Conway AJ, McLachlan RI, Handelsman DJ. Serum 

testosterone, dihydrotestosterone and estradiol concentrations in older 
men self-reporting very good health: the healthy man study. Clin 
Endocrinol (Oxf ) 2012;77(5):755–763.

6. Freid VM, Bernstein AB, Bush MA. Multiple chronic conditions among 
adults aged 45 and over: trends over the past 10 years. NCHS Data Brief 
2012;(100):1–8.

7. Mulligan T, Frick MF, Zuraw QC, Stemhagen A, McWhirter C. Prevalence 
of hypogonadism in males aged at least 45 years: the HIM study. Int J 
Clin Pract 2006;60(7):762–769.

8. Wu FC, Tajar A, Beynon JM, Pye SR, Silman AJ, Finn JD, O’Neill TW, 
Bartfai G, Casanueva FF, Forti G, Giwercman A, Han TS, Kula K, Lean 
ME, Pendleton N, Punab M, Boonen S, Vanderschueren D, Labrie F, 
Huhtaniemi IT; EMAS Group. Identifi cation of late-onset hypogonadism 
in middle-aged and elderly men. N Engl J Med 2010;363(2):123–135.

9. Fozard JL, Vercryssen M, Reynolds SL, Hancock PA, Quilter RE. Age 
diff erences and changes in reaction time: the Baltimore Longitudinal 
Study of Aging. J Gerontol 1994;49(4):P179–189.

10. O’Donnell AB, Araujo AB, McKinlay JB. Th e health of normally aging 
men: Th e Massachusetts Male Aging Study (1987–2004). Exp Gerontol 
2004;39(7):975–984.

11. Bhasin S, Cunningham GR, Hayes FJ, Matsumoto AM, Snyder PJ, 
Swerdloff  RS, Montori VM; Task Force, Endocrine Society. Testosterone 
therapy in men with androgen defi ciency syndromes: an Endocrine Society 
clinical practice guideline. J Clin Endocrinol Metab 2010;95(6):2536–
2559. 

12. Melmed S, Polonsky KS, Larsen PR (eds.). Williams Textbook of 
Endocrinology, 12th ed. Philadelphia, PA: Elsevier, 2011.

13. Caronia LM, Dwyer AA, Hayden D, Amati F, Pitteloud N, Hayes FJ. 
Abrupt decrease in serum testosterone levels after an oral glucose load in 
men: implications for screening for hypogonadism. Clin Endocrinol (Oxf ) 
2013;78(2):291–296.

14. Corona G, Vignozzi L, Sforza A, Maggi M. Risks and benefi ts of late 
onset hypogonadism treatment: an expert opinion. World J Mens Health 
2013;31(2):103–125.

15. Corona G, Rastrelli G, Monami M, Saad F, Luconi M, Lucchese 
M, Facchiano E, Sforza A, Forti G, Mannucci E, Maggi M. 
Body weight loss reverts obesity-associated hypogonadotropic 
hypogonadism: a systematic review and meta-analysis. Eur J Endocrinol 
2013;168(6):829–843.

16. Wittert G. Th e relationship between sleep disorders and testosterone in 
men. Asian J Androl 2014;16(2):262–265.

17. Wang C, Swerdloff  RS, Iranmanesh A, Dobs A, Snyder PJ, Cunningham 
G, Matsumoto AM, Weber T, Berman N; Testosterone Gel Study Group. 
Transdermal testosterone gel improves sexual function, mood, muscle 
strength, and body composition parameters in hypogonadal men. J Clin 
Endocrinol Metab 2000;85(8):2839–2853. 

18. Rodriguez-Tolrà J, Torremadé J, di Gregorio S, Del Rio L, Franco E. 
Eff ects of testosterone treatment on bone mineral density in men with 
testosterone defi ciency syndrome. Andrology 2013;1(4):570–575.

19. Saad F. Androgen therapy in men with testosterone defi ciency: can 
testosterone reduce the risk of cardiovascular disease? Diabetes Metab Res 
Rev 2012;28(Suppl 2):52–59. 

20. 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 administration. N Engl J Med 2010;363(2):109–122. 

 Baylor University Medical Center Proceedings Volume 27, Number 4




