total testosterone levels. However, free testosterone levels usually
remain within the normal range. The decrease in SHBG levels
is caused by increased circulating insulin, which inhibits SHBG
production. Estradiol levels are higher in obese men compared to
healthy, nonobese controls, because of aromatization of testosterone to estradiol in adipose tissue. Weight loss is associated with
reversal of these abnormalities including an increase in total and
free testosterone levels and a decrease in estradiol levels. A subset of
obese men with moderate to severe obesity may have a defect in the
hypothalamic-pituitary axis as suggested by low free testosterone in
the absence of elevated gonadotropins. Weight gain in adult men
can accelerate the rate of age-related decline in testosterone levels.
Hyperprolactinemia (See also Chap. 403) Elevated PRL levels are
associated with hypogonadotropic hypogonadism. PRL inhibits hypothalamic GnRH secretion either directly or through modulation of
tuberoinfundibular dopaminergic pathways. A PRL-secreting tumor
may also destroy the surrounding gonadotropes by invasion or compression of the pituitary stalk. Treatment with dopamine agonists
reverses gonadotropin deficiency, although there may be a delay relative to PRL suppression.

Hemochromatosis  (See also Chap. 428) Both the pituitary and testis
can be affected by excessive iron deposition. However, the pituitary
defect is the predominant lesion in most patients with hemochromatosis and hypogonadism. The diagnosis of hemochromatosis is suggested
by the association of characteristic skin discoloration, hepatic enlargement or dysfunction, diabetes mellitus, arthritis, cardiac conduction
defects, and hypogonadism.
Primary Testicular Causes of Hypogonadism
Common causes of primary testicular dysfunction include Klinefelter’s
syndrome, uncorrected cryptorchidism, cancer chemotherapy, radiation to the testes, trauma, torsion, infectious orchitis, HIV infection,
anorchia syndrome, and myotonic dystrophy. Primary testicular disorders may be associated with impaired spermatogenesis, decreased
androgen production, or both. See Chap. 410 for disorders of testis
development, androgen synthesis, and androgen action.
Klinefelter’s Syndrome (See also Chap. 410) Klinefelter’s syndrome
is the most common chromosomal disorder associated with testicular
dysfunction and male infertility. It occurs in about 1 in 600 live-born
males. Azoospermia is the rule in men with Klinefelter’s syndrome
who have the 47,XXY karyotype; however, men with mosaicism may
have germ cells, especially at a younger age. The clinical phenotype
of Klinefelter’s syndrome can be heterogeneous possibly because of
mosaicism, polymorphisms in AR gene, variable testosterone levels,
or other genetic factors. Testicular histology shows hyalinization of
seminiferous tubules and absence of spermatogenesis. Although their
function is impaired, the number of Leydig cells appears to increase.
Testosterone is decreased and estradiol is increased, leading to clinical
features of undervirilization and gynecomastia. Men with Klinefelter’s
syndrome are at increased risk of systemic lupus erythematosus,
Sjögren’s syndrome, breast cancer, diabetes mellitus, osteoporosis,
non-Hodgkin’s lymphoma, and lung cancer, and reduced risk of prostate cancer. Periodic mammography for breast cancer surveillance is
recommended for men with Klinefelter’s syndrome. Fertility has been
achieved by intracytoplasmic injection of sperm retrieved surgically
from testicular biopsies of men with Klinefelter’s syndrome, including
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Cryptorchidism Cryptorchidism occurs when there is incomplete
descent of the testis from the abdominal cavity into the scrotum.
About 3% of full-term and 30% of premature male infants have at least
one undescended testis at birth, but descent is usually complete by the
first few weeks of life. The incidence of cryptorchidism is <1% by 9
months of age. Androgens regulate predominantly the inguinoscrotal
descent of the testes through degeneration of the craniosuspensory ligament and a shortening of the gubernaculums, respectively. Mutations
in INSL3 and leucine-rich repeat family of G protein–coupled receptor 8 (LGR8), which regulate the transabdominal portion of testicular
descent, have been found in some patients with cryptorchidism.
Cryptorchidism is associated with increased risk of malignancy,
infertility, inguinal hernia, and torsion. Unilateral cryptorchidism,
even when corrected before puberty, is associated with decreased
sperm count, possibly reflecting unrecognized damage to the fully
descended testis or other genetic factors. Epidemiologic, clinical, and
molecular evidence supports the idea that cryptorchidism, hypospadias, impaired spermatogenesis, and testicular cancer may be causally
related to common genetic and environment perturbations and are
components of the testicular dysgenesis syndrome.
Acquired Testicular Defects Viral orchitis may be caused by the mumps
virus, echovirus, lymphocytic choriomeningitis virus, and group B
arboviruses. Orchitis occurs in as many as one-fourth of adult men
with mumps; the orchitis is unilateral in about two-thirds and bilateral
in the remainder. Orchitis usually develops a few days after the onset
of parotitis but may precede it. The testis may return to normal size
and function or undergo atrophy. Semen analysis returns to normal
for three-fourths of men with unilateral involvement but for only
one-third of men with bilateral orchitis. Trauma, including testicular
torsion, can also cause secondary atrophy of the testes. The exposed
position of the testes in the scrotum renders them susceptible to both
thermal and physical trauma, particularly in men with hazardous
occupations.
The testes are sensitive to radiation damage. Doses >200 mGy (20
rad) are associated with increased FSH and LH levels and damage to
the spermatogonia. After ~800 mGy (80 rad), oligospermia or azoospermia develops, and higher doses may obliterate the germinal epithelium. Permanent androgen deficiency in adult men is uncommon
after therapeutic radiation; however, most boys given direct testicular
radiation therapy for acute lymphoblastic leukemia have permanently
low testosterone levels. Sperm banking should be considered before
patients undergo radiation treatment or chemotherapy.
Drugs interfere with testicular function by several mechanisms,
including inhibition of testosterone synthesis (e.g., ketoconazole),
blockade of androgen action (e.g., spironolactone), increased estrogen
(e.g., marijuana), or direct inhibition of spermatogenesis (e.g., chemotherapy).
Combination chemotherapy for acute leukemia, Hodgkin’s disease,
and testicular and other cancers may impair Leydig cell function and
cause infertility. The degree of gonadal dysfunction depends on the
type of chemotherapeutic agent and the dose and duration of therapy.
Because of high response rates and the young age of these men,
infertility and androgen deficiency have emerged as important longterm complications of cancer chemotherapy. Cyclophosphamide and
combination regimens containing procarbazine are particularly toxic
to germ cells. Thus, 90% of men with Hodgkin’s lymphoma receiving MOPP (mechlorethamine, vincristine, procarbazine, prednisone)
therapy develop azoospermia or extreme oligozoospermia; newer regimens that do not include procarbazine, such as ABVD (doxorubicin,
bleomycin, vinblastine, dacarbazine), are less toxic to germ cells.
Alcohol, when consumed in excess for prolonged periods, decreases
testosterone, independent of liver disease or malnutrition. Elevated
estradiol and decreased testosterone levels may occur in men taking
digitalis.

CHAPTER 411 Disorders of the Testes and Male Reproductive System

Sellar mass lesions  Neoplastic and nonneoplastic lesions in the hypothalamus or pituitary can directly or indirectly affect gonadotrope
function. In adults, pituitary adenomas constitute the largest category
of space-occupying lesions affecting gonadotropin and other pituitary
hormone production. Pituitary adenomas that extend into the suprasellar region can impair GnRH secretion and mildly increase PRL
secretion (usually <50 μg/L) because of impaired tonic inhibition by
dopaminergic pathways. These tumors should be distinguished from
prolactinomas, which typically secrete higher PRL levels. The presence
of diabetes insipidus suggests the possibility of a craniopharyngioma,
infiltrative disorder, or other hypothalamic lesions (Chap. 404).

some men with the nonmosaic form of Klinefelter’s syndrome. The 2365
karyotypes 48,XXXY and 49,XXXXY are associated with a more severe
phenotype, increased risk of congenital malformations, and lower
intelligence than 47,XXY individuals.
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