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Sexual and gonadal dysfunction in chronic kidney

disease: Pathophysiology
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Sexual and gonadal dysfunction/infertility are quite common in patients with chronic kidney disease. Forty percent of male and
55% of female dialysis patients do not achieve orgasm. The pathophysiology of gonadal dysfunction is multifactorial. It is usually a
combination of psychological, physiological, and other comorbid factors. Erectile dysfunction in males is mainly due to arterial factors,
venous leakage, psychological factors, neurogenic factors, endocrine factors, and drugs. Sexual dysfunction in females is mainly due
to hormonal factors and manifests mainly as menstrual irregularities, amenorrhea, lack of vaginal lubrication, and failure to conceive.
Treatment of gonadal dysfunction in chronic kidney disease is multipronged and an exact understanding of underlying pathology is

essential in proper management of these patients.
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INTRODUCTION

Gonadal dysfunction is a common occurrence in patients
with chronic kidney disease (CKD). Sexual dysfunction
begins much before CKD-stage 5 and usually does not
reverse with renal replacement therapy.!"? There is limited
literature on sexual problems (other than fertility related)
in CKD patients. While male sexual dysfunction in CKD
includes decreased libido, erectile dysfunction, premature
or delayed ejaculation, and difficulty in achieving orgasm,
female CKD patients have decreased libido, difficulty in
achieving orgasm, lack of vaginal lubrication, pain during
intercourse, and infertility."! The gonadal dysfunction
worsens with progression of CKD. Up to 40% of male
patients and 55% of female patients on hemodialysis
have difficulty in achieving orgasm.!"! Thirty-three percent
patients report no sexual activity and 44% report only
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one sexual activity per week. Menstrual irregularities in
CKD patients include amenorrhea (most common) and
premature menopause, oligomenorrhea, polymenorrhea,
and menorrhagia. Pregnancy is extremely uncommon
as one progress from CKD-3 to 5D.! Frequency of
conception among females of childbearing age undergoing
renal replacement therapy ranges from 0.3 to 1.5% per
year.!

Pathophysiology of gonadal dysfunction differs in male
and female CKD patients and includes psychological
factors and organic factors. The important factors playing
a role in gonadal dysfunction in patients with CKD are
discussed below.

MALE SExuaL DYSFUNCTION

Erectile dysfunction

Erectile dysfunction can be seen in up to 40-80% of
hemodialysis patients. Although psychological factor plays
an important role, effective renal replacement therapy
improves fitness, libido, and potency. Erectile dysfunction in
CKD is multifactorial and includes decreased arterial blood
flow, venous leakage due to shunts, altered penile smooth
muscle function, hormonal disturbances, side effect of
medications, and neurogenic dysfunction. The etiological
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factors are often classified into organic and psychological
causes; however, the two factors are interwoven. An optimal
therapy for erectile dysfunction should be able to manage
all the above-mentioned factors.>!

Arterial factors

A prerequisite for penile erection includes adequate penile
blood flow and intracavernosal arterial blood pressure
(BP) >80 mmHg. During the initial stages of erection,
the penile arterial BP is 20 mmHg less than the pelvic
arterial BP. During the later stages, the penile blood flow
increases above the systemic BP by contraction of penile
muscles (bulbus spongiosus and ischiocavernosus). The
pelvic arterial BP needs to be around 80-100 mmHg to
maintain a penile BP of 80 mmHg. However, with arterial
occlusive disease, the BP in pelvic vessels drops to around
70 mmHg, and hence erectile dysfunction occurs before
other peripheral manifestations of arterio-occlusive disease.

Vascular problems accounts for 60% of non-uremic
impotence."® However, there is no sufficient data on
obstructive vascular problems causing impotence in CKD.
Patients with CKD have accelerated atherosclerosis and
vascular calcification, and hence obstructive vascular
problem could contribute to impotence in at least similar
fraction in CKD patients. CKD patients have delayed
erection at eatly stages, followed by decreased penile rigidity
and nocturnal penile tumescence (NPT) and finally erectile
impotence. The exact pathophysiology of CKD resulting
in vascular impotence is not clear. However, increasing age,
diabetes mellitus, dyslipidemia, hyperhomocysteinemia, and
disturbed calcium/phosphorous metabolism could result
in accelerated atherosclerosis and vascular calcification of
pelvic arteries. Autonomic neuropathy of CKD could also
alter penile blood circulation, which is discussed later. The
arterial causes of erectile dysfunction can be diagnosed by
Doppler ultrasound or angiography [Table 1].

Venous leakage

Venous occlusion with normal arterial flow is also an
important cause of impotence in uremic patients. Inability
to have persistent erection is suggestive of smooth muscle
dysfunction and impaired veno-occlusion.” Impaired
relaxation of penile smooth muscle results in efflux of blood
from cavernous space, resulting in erectile dysfunction.
Precocious aging and enhanced fibrosis results in decreased
fibroelastic compliance of smooth muscle. Pentosidine
concentrations are 22 times higher in CKD and 3—4 times
in transplant recipients in comparison to healthy controls.
Pentosidine concentration is also higher in the corpus
cavernosum and thought to be involved in pathogenesis
of erectile dysfunction.!""!?! Diagnosis of venous leakage
is summarized in Table 2.

Table 1: Diagnosis of arteriogenic impotence

1. Abnormal BP index [BP (penile artery)/(brachial artery); normal > 0.6]

2. Doppler ultrasound of penile arteries pre- and post-intracavernosal
injection of vasodilators

3. Evaluation of erection post intracavernosal injection of vasodilators

4. Angiography of pelvic vasculature

Table 2: Diagnosis of venous insufficiency

1. Brief or incomplete erection after intracavernosal injection of vasodilators
2. Increased diastolic BP by duplex ultrasonography

3. Cavernous myography!®!

Neurogenic and psychogenic factors

Neurogenic: Erection is a complex process and includes

neural, hormonal, and local substances. Three neurogenic

process of erection are:

1. Psychogenic erection: Visual and auditory stimuli/
impulse from brain reach via thoracolumbar nerve to
cavernous nerve.

2. Reflex erection: Occurs with sensory stimulation of
receptors along the shaft of penis. Somatic nerve
provides the afferent supply while the efferent supply
is by the pelvic nerve (S2, 3, 4).

3. Nocturnal erection: Occurs during rapid eye movement
(REM) sleep due to increased sensitivity to low

androgen levels."!

Sacral parasympathetic stimulation causes vasodilatation
of penile arteries and increases the blood flow. Increase in
blood flow results in increased oxygen concentration and
hence increased ability to synthesize nitric oxide (NO). NO
in turn leads to smooth muscle relaxation and progressive

entrapment of blood in corpus cavernosum.!'>"‘]

Autonomic neuropathy is a common complication seen
in CKD patients. Parasympathetic dysfunction is seen in
two-third of patients >65 years of age and one-third of
younger patients. Autonomic neuropathy improves after
several months of intensive renal replacement therapy.'”'*

Psychogenic: CKD patients have higher prevalence of
depression.!'”) There are also other psychogenic factors like
stress, decreased appetite, fear of procedure or medications,
etc. which can aggravate impotence in CKD patients.
Male hemodialysis patients with psychogenic cause of
impotence have a normal 3—5 NPT/night during REM
sleep. Lack of nocturnal erection is a reliable test for
organic erectile impotence in patients with psychogenic
erectile dysfunction.**!!

Drug-induced erectile dysfunction

Decreased libido and potency can also be due to adverse
effect of many drugs used in CKD [Table 3]. These drugs
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Table 3: Commonly used drugs causing erectile
dysfunction in patients with CKD
Drugs causing erectile dysfunction

Hormones: Androgens, estrogens, progesterone

Beta blockers: Atenolol, pindolol, propranolol

Vasodilators: Hydralazine

Diuretics: Thiazides, spironolactone

Sympatholytics: Clonidine, methyldopa, reserpine

Sedatives: Barbiturates

Psychotropic drugs: Tricyclic antidepressants, MAO inhibitors
Others: Digoxin, ranitidine

interfere with neurovascular control of penile arteries and
smooth muscle and neuro-endocrine regulation. Alcohol
and tobacco are also important causes of reduced sexual
function in CKD.*? Antihypertensive drugs are one of the
commonly used class of drugs, which can lead to erectile
dysfunction in CKD patients.”!

FEmALE SExuaL DYSFUNCTION

Vaginal and menstrual abnormalities

Female patients on dialysis have low plasma estrogen levels
(due to hyperprolactinemia) resulting in atrophic vaginitis,
decreased pubic hair, and pruritus. Normal midcycle
karyopyknosis (vaginal cytology) is absent.**! However,
the prevalence and spectrum of vaginal infections remain
the same as in general population. Menstrual irregularities
are very common in uremia. Amenorrhea is seen in 50—
100% of patients with CKID-5. Many patients start to have
menstrual cycles on initiation of dialysis while others remain
amenorrheic. Of the patients who menstruate, 50—80% have
polymenorrhea, menorrhagia (probably due to anovualtory
cycle which is seen in >90%) or oligomenorthea.’**! Uremic
coagulopathy and heparinization during hemodialysis
intensify abnormal menstrual bleeding. Increase in ovarian
cyst formation can occur in uremic patients and it needs
to be distinguished from polycystic ovarian syndrome and
other androgen producing tumors.

No data is available regarding the prevalence of female
sexual dysfunction, such as desire, orgasm, or pain disorders
in chronic kidney disease.

HorMmoNAL ABNORMALITIES IN CHRONIC
KibDNEY DISEASE

Pulsatile secretion of gonadotrophin releasing hormone
(GnRH) from hypothalamus regulates pituitary secretion of
gonadotrophins [luteinizing hormone (LH) and follicular
stimulating hormone (FSH)]. In addition to GnRH,
adrenergenic, dopaminergic substances, endorphins,
oxytocin, neuropeptide-Y, and leptin also regulate pituitary
gonadotrophin secretion.

Uremic effect on gonadotrophins (LH and FSH)

Males

Uremia affects local amino acid neurotransmitter outflow
in hypothalamus, significantly affecting the release of
GnRH and hence affecting gonadotrophin synthesis and
secretion in both males and females.”*! In vast majority
of patients, there is a normal LH secretion response to
exogenous LH releasing hormone (LHRH) stimulation.
The plasma LH level is elevated in hemodialysis patients
compared to healthy controls. This increased level is due
to prolonged half-life of immunoreactive and bioactive LH
as well as increased secretion of immunoreactive LH.P?
Although the frequency of LH peaks remains normal,
the maximal level and duration of LH peaks is reduced.
In view of prolonged half-life of LH in uremia, there is
significant decrease in pulsatile secretion of LH.P? This
leads to low levels of testosterone in uremic patients while
the serum estradiol and total estrogens levels are usually
elevated.P** The decreased testosterone level produces
a diminished normal feedback suppression of LH, thus
causing persistently high levels of LH.F® In addition,
endogenous opiates also negatively control pulsatile LH
release.”” Plasma [-endorphin and B-lipotropin levels are
normal in uremic subjects. However, administration of
naloxone increases LH pulses in uremic patients in both
males and females.”") Tumor necrosis factor (TNF)-o
increases LLH, reduces testosterone, and has no effect
on FSH. TNF-o levels are increased in CKD due to
inflammatory state of the disease.*” Similar to LH, FSH
levels are normal toelevated in CKD. FSH stimulates
spermatogenesis and has a negative feedback via inhibin
(synthesized by Sertoli cells of the ovary). Inhibin levels
increases in CKD but do not correlate with FSH/LH
levels. FSH secretion is also inhibited by increased estrogen
in CKD, resulting in only mildly elevated level of FSH in
CKD despite decreased spermatogenesis.*'*

Females

The pulsatile secretion of GnRH is disturbed in females
as well, resulting in infertility. Gonadotrophin secretion is
calcium dependent. Disturbed calcium and phosphorous
metabolism in CKD results in altered gonadotrophin
secretion. Serum LH level is significantly elevated and
response to LHRH stimulation is delayed; however, the
negative feedback of estrogen on hypothalamus is intact.
The pulsatile secretion of LLH is disturbed in females and
some studies have even documented complete absence of
pulsatile secretion. Exogenous estrogen does not induce
LH surge in uremic patients, suggesting impaired positive
teedback mechanism. FSH is within normal limits in
follicular and luteal phases. LHRH causes only mild rise
in FSH and decreased FSH/LH ratio is suggestive of
hypothalamic — hypophyseal dysregulation.*”
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Uremic effect on prolactin

Serum prolactin level as well as its biological activity is
increased in CKD.*! Serum prolactin level rise correlates
with decline in glomerular filtration rate. Increase in serum
prolactin levels is primarily due to decreased dopaminergic
inhibition of prolactin release from pituitary gland and
secondarily due to decreased LHRH release. Prolactin is
considered as a uremic toxin causing loss of libido, impaired
erection, and infertility. It can also cause gynecomastia
and galactorrhea in males and menstrual abnormalities
(amenorrhea and oligomenorrhea) and galactorrhea in
females (0—40% of CKD-5D patients). The prolactin
increase is blunted with thyrotrophin-releasing hormone
stimulation in both the sexes.!*’]

Uremic effect on testicular/ovarian hormones

In addition to the effect on hypothalamus and pituitary,
uremia also affects the adrenal, ovarian, and testicular
hormones directly. Massachusetts Male Aging Study
concluded that only dehydroepiandrosterone sulfate
(adrenal androgen) and not testosterone correlated
with impotence.” Androgen receptors are present in
parasympathetic system and limbic system and thought
to play an important role in erection. Uremic patients
have low serum testosterone levels. Testosterone binding
capacity remains normal; hence, free testosterone levels are
also decreased. "*! Low testosterone is due to decreased
production, increased metabolic and dialytic clearance,
alteration in testosterone binding capacity. The normal
circadian rhythm is, however, maintained. High serum
LH and normal testosterone level suggests resistance at
the level of interstitial cells of Leydig. Low testosterone
levels along with high FSH levels (described above) leads
to impaired spermatogenesis.””' Not only spermatogenesis,
but sperm motility is also affected causing oligospermia
and azoospermia and thus male infertility. These changes
occur eatly in the disease course and worsen as kidney
disease progresses. A successful kidney transplantation
restores the hypothalamic-pituitary-testicular axis and
recovery of spermatogenesis can occur. However, this
recovery depends on the extent of injury to seminiferous
tubules and males with higher levels of FSH tend to have
poor recovery.Pl

In females, estradiol concentration is normal in
premenopausal uremic patients; however, in patients with
hyperprolactinemia, estradiol levels are lower. Cyclical
variation in estradiol concentration is absent in uremic
females. Luteinization of follicles is very rare in uremic
patients, and hence the progesterone rise during second
half of menstrual cycle is absent (non-luteal progesterone
is normal to low)."*! The vatious changes in androgen levels
are summarized in Table 4.

Table 4: Androgen concentration in chronic kidney disease
Increased androgens Decreased androgens

5a dihydrotestosterone Dihydrotestosterone

Androstenediol Androstenedione
Dihydroepiandrosterone sulfate
Dihydroandrosterone (adrenal androgen)
Dihydroandrosterone sulfate ester
(adrenal androgen)

Other hormonal abnormalities

Role of hyperparathyroidism in sexual problems is not
clear. Interleukin-2 and TNF-ot reduce plasma testosterone
concentration with and without LH stimulation.P'*? Use
of 1,25 dihydroxy vitamin D3 reduces prolactin secretion
and lowers prolactin in uremic patients.

PrINCIPLE OF MANAGEMENT OF SEXUAL
DysrunNcTiON IN CHRONIC KIDNEY DISEASE

As the sexual dysfunction in CKD is multifactorial, a
careful assessment of the degree and nature of sexual
dysfunction needs to be done. A detailed psychological
evaluation should be carried out which includes assessment
of marital and family discord, depression, stress, and life
stage. Medication remains an important cause of sexual
dysfunction and details of the drugs need to be noted
and changed appropriately if permissible. Treatment of
anemia to target range (11-12g%) and intensification of
renal replacement therapy improves sexual dysfunction
and quality of life in CKD patients. ! Appropriate
management of vascular insufficiency, zinc deficiency,
secondary hyperparathyroidism, and autonomic dysfunction
improves sexual performances in CKD patients. Endocrine
assessment of serum estrogen, progesterone, and prolactin
needs to be carried out. Female CKD patient with increased
prolactin levels needs treatment with bromocriptine and
improvement with bromocriptine is seen in patients with
cyclic GnRH secretion. Sildenafil therapy improves erectile
dysfunction caused by both psychogenic and organic
factors."! For male CKD patients who do not respond
to Sildenafil, treatment options include intracavernous
injection of alprostadil and the use of vacuum or

constriction devices.??

CoNCLUSION

Gonadal dysfunction is very common in male and female
CKD patients. The frequency of sexual dysfunction
increases as renal function deteriorates. Decreased libido,
difficulty in becoming aroused and achieving orgasm, erectile
and ejaculatory dysfunction, lack of vaginal lubrication,
menstrual irregularities, and amenorrhea are the common
problems in patients with CKD. The pathophysiology of
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gonadal dysfunction in CKD is multifactorial, hence it
is important to identify the primary etiology and treat it.
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