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Abstract

Background: Endocrine dysfunctions are frequent yet underrecognized
complications of end-stage renal disease (ESRD), with major implica-
tions for prognosis, quality of life, and treatment. This review provides
an updated synthesis of endocrine alterations in ESRD, emphasizing
clinical impact, dialysis modality differences, and research needs.

Methods: A systematic search of PubMed and EMBASE identified
studies published between January 1975 and January 2026, including
observational studies, randomized controlled trials (RCTs), systematic
reviews, and international guidelines. Evidence was synthesized across
major pathways in ESRD: hypothalamic-pituitary-gonadal axis, pro-
lactin, thyroid function, vitamin D-parathyroid hormone metabolism,
and adrenal function. Particular emphasis was placed on pivotal RCTs
(EVOLVE, PRIMO, OPERA, phosphodiesterase type 5 inhibitor stud-
ies) and key guidelines statements (Endocrine Society, American Thy-
roid Association (ATA), European Menopause and Andropause Society
(EMAS), Kidney Disease: Improving Global Outcomes (KDIGO),
European Renal Association—European Dialysis and Transplantation
Association (ERA-EDTA), American Urological Association (AUA)).
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Results: Hypogonadism affects up to two-thirds of male dialysis pa-
tients, contributing to cardiovascular risk, anemia, and mortality; in
women on dialysis, ovarian failure drives infertility and sexual dys-
function. Hyperprolactinemia is highly prevalent and exacerbates go-
nadal dysfunction, with potential cardiovascular relevance. Thyroid
alterations include “low-T, syndrome”, an independent predictor of
mortality, and increased risk of subclinical and overt hypothyroidism.
Chronic kidney disease-mineral and bone disorders contributes to
bone disease, vascular calcification, and adverse outcomes. Dialysis
modality (hemodialysis vs. peritoneal dialysis) influences endocrine
stability and quality of life.

Conclusions: Endocrine disorders in ESRD are prognostically rel-
evant and require systematic screening, tailored management, and
multidisciplinary care. Current evidence is predominantly observa-
tional, underscoring the urgent need for randomized trials to establish
optimal therapeutic strategies and clarify their impact on survival and
cardiovascular outcomes.

Keywords: Endocrine alterations; End-stage renal disease; Hyper-
prolactinemia; Hypogonadism

Introduction

Endocrine alterations in patients with chronic kidney disease
(CKD) represent an area of growing clinical and scientific in-
terest, as highlighted by seminal reviews that have outlined the
main pathophysiological mechanisms and the clinical impli-
cations of these dysfunctions [1, 2]. In this context, diabetes
mellitus, a primary endocrine disorder, represents the leading
cause of CKD and end-stage renal disease (ESRD) worldwide,
accounting for a substantial proportion of patients requiring
renal replacement therapy (RRT) [3].

ESRD is a complex and multifactorial clinical condition
characterized by a progressive decline in kidney function,
ultimately requiring renal replacement therapies such as he-
modialysis (HD) or peritoneal dialysis (PD) [4]. Despite the
technological and organizational advances of recent decades,
which have significantly improved survival and management
of well-recognized complications such as anemia and chronic
kidney disease-mineral and bone disorders (CKD-MBD), pa-
tient’s quality of life remains severely compromised [5-8]. A
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Figure 1. Schematic representation of the interplay between kidney
dysfunction in end-stage renal disease (ESRD) and major endocrine
axes: hypothalamic—pituitary—gonadal (HPG), hypothalamic—pituitary—
thyroid (HPT), hypothalamic—pituitary—adrenal (HPA), prolactin (PRL),
and vitamin D/parathyroid hormone (PTH).

substantial proportion of this clinical burden is attributable to
endocrine dysfunction (Fig. 1) which, although highly preva-
lent, is often understudied in routine clinical practice.

Among the most frequent alterations are the dysfunction
of hypothalamic—pituitary—gonadal (HPG) axis, manifesting
as hypogonadism in both men and women; abnormalities of
hypothalamic—pituitary—thyroid (HPT) axis, including the
“low-T;” syndrome, hypothyroidism and, less commonly, hy-
perthyroidism; and hyperprolactinemia due to reduced renal
clearance [9, 10]. These disturbances are not merely “bio-
chemical epiphenomena” of uremia, but clinically relevant
conditions that directly affect patient’s daily well-being, sex-
ual and reproductive function, nutritional status, and overall
survival [11, 12].

In male dialysis patients, low testosterone levels are as-
sociated with erectile dysfunction, sarcopenia, erythropoiesis-
stimulating agents (ESAs)-resistant anemia, and increased
cardiovascular mortality [13—15]. In women, hypogonadism
manifests as amenorrhea, infertility, reduced libido, and im-

paired quality of life [16, 17]. Similarly, reduced free trii-
odothyronine (FT;) has been recognized as an independent
predictor of mortality in dialysis patients [18], while hyper-
prolactinemia contributes to worsening gonadal dysfunction,
impaired sexual function, and metabolic abnormalities [9].

These data underscore that the endocrine profile is not
only a marker of CKD severity but also a prognostic determi-
nant and a potential therapeutic target. An additional point of
interest concerns the differences between dialysis modalities
(HD and PD). Indeed, it has been observed that the choice of
dialysis modality may differentially affect the hormonal pro-
file and patients’ quality of life, with potential implications
for selecting the most appropriate RRT [19, 20]. Moreover,
kidney transplantation, whereas available, remains the only
truly curative option capable of normalizing most endocrine
abnormalities [21].

In light of these considerations, this review aims to provide
an updated and critical overview of the major endocrine altera-
tions in patients affected by ESRD undergoing RRT. We will
discuss the underlying pathophysiology, clinical manifesta-
tions, differences between HD and PD, and currently available
therapeutic options, with particular reference to international
guidelines (Endocrine Society, ATA, European Menopause
and Andropause Society (EMAS), Kidney Disease: Improv-
ing Global Outcomes (KDIGO), ERA-EDTA, American Uro-
logical Association (AUA)). The ultimate goal is to promote
a multidisciplinary approach integrating endocrinological and
nephrological expertise, acknowledging the central role of hor-
monal dysfunction in determining prognosis and quality of life
in this complex patient population.

Methods

Following PRISMA guidelines (Fig. 2), we conducted a com-
prehensive literature search across PubMed and EMBASE
between January 1975 and January 2026 using the following
keywords, either individually or in combination: end-stage
renal disease, chronic kidney disease, hemodialysis, perito-
neal dialysis, endocrine dysfunction, hypogonadism, prolac-
tin (PRL), hyperprolactinemia, thyroid disorders, hypothy-
roidism, hyperthyroidism, parathyroid hormone, vitamin D,
adrenal function, fertility, sexual dysfunction. Only studies
conducted in adult populations and published in English/Ital-
ian language were considered. We included original studies
(randomized controlled trials (RCTs), prospective and obser-
vational studies), meta-analyses, systematic reviews, interna-
tional guidelines, and consensus statements from major scien-
tific societies (KDIGO, EMAS, ERA-EDTA). Studies limited
to single case reports, abstracts lacking complete data, and
articles not available in English or Italian were excluded. Ar-
ticle selection was conducted in two phases: an initial screen-
ing of titles and abstracts, followed by full-text analysis. Par-
ticular attention was given to studies comparing HD and PD,
as well as those evaluating kidney transplantation as a com-
parator variable. For clinical practice, we also considered the
recommendations of the Endocrine Society and the AUA for
the diagnosis and management of androgen deficiency [22],
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Not relevant to ESRD/endocrine (n = 120)
Case reports/editorials (n = 95)

Sample size < 20 (n = 60)

Language other than English/Italian (n=20)
Duplicate datasets (n = 51)

Figure 2. PRISMA flow diagram of the study selection process. From 2,170 records initially identified, 1,650 remained after dupli-
cate removal. Following title/abstract screening and full text assessment, 154 studies were included in the qualitative synthesis.

as well as recent literature highlighting the impact of female
sexual dysfunction in patients with ESRD [23]. The aim was
not to perform a qualitative meta-analysis, but rather to pro-

Table 1. Main Endocrine Alterations in Patients With ESRD

vide an integrated review of the major endocrine alterations in
ESRD (Table 1), with emphasis on their clinical implications
and on multidisciplinary therapeutic perspectives.

Hormone/axis

Direction of change

Main mechanisms

Clinical consequences

Testosterone (men)
Estrogens (women)
Prolactin

Thyroid hormones
(FT,, FT,, TSH)

Cortisol

Vitamin D (calcitriol)

PTH

|

Cyclic alterations;
early menopause

?

T, | (low T, syndrome);
TSH normal or 1

1 or dysregulated
Il

1

Reduced LH/FSH secretion; chronic
uremia; inflammation; 1 SHBG

Hypothalamic-pituitary disorders;
reduced hormonal clearance

Reduced renal clearance;
hypothalamic dysfunction

Altered peripheral deiodination;
chronic inflammation

Altered clearance and circadian rhythm

Reduced renal 1o-hydroxylation

Secondary hyperparathyroidism

Hypogonadism; infertility; loss of
muscle mass; decreased libido

Menstrual irregularities;
amenorrhea; reduced fertility

Galactorrhea; gynecomastia; sexual
dysfunction; increased CV risk

Poor prognosis; 1 mortality;
altered basal metabolism

Altered glucose metabolism; T CV risk

Renal osteodystrophy; 1
PTH; bone fragility

Bone and CV alterations

CV: cardiovascular; ESRD: end-stage renal disease; LH: luteinizing hormone; FSH: follicle-stimulating hormone; PTH: parathyroid hormone; SHBG:
sex hormone-binding globulin; TSH: thyroid-stimulating hormone.
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Figure 3. Survival impact of low testosterone in dialysis patients. Low testosterone was defined as total testosterone < 10 nmol/L
(< 288 ng/dL), according to the original criteria used by Carrero et al [37]. (a) Hazard ratio (HR) for cardiovascular mortality as-
sociated with low testosterone levels in dialysis patients, according to Carrero et al [37]. Reported HR = 3.2; 95% CI: 1.6-6.8
(Adapted/reproduced from Carrero et al [37] with permission where required). (b) Simulated Kaplan—Meier survival curves over
10 years comparing the general population (hazard ratio (HR) = 1, dashed blue line) and dialysis patients with low testosterone
(HR = 3.2, solid orange line; derived from Carrero et al [37]). Curves are illustrative and generated from an exponential survival

model using the reported HR value.

Results and Discussion

HPG axis

Male sex

Hypogonadism represents one of the most clinically relevant
endocrine complications in patients with ESRD, with reported
prevalence ranging from 27% to 66%, depending on diag-
nostic criteria and study population considered [24, 25]. This
wide variability reflects not only methodological differences in
clinical cohorts but also patient heterogeneity in terms of age,
metabolic comorbidities, and duration of dialysis therapy. The
pathophysiology of male hypogonadism in ESRD is complex
and multifactorial. A key mechanism is the uremic milieu—in-
cluding retained solutes (‘“uremic toxins”) and inflammatory
mediators—which has been associated with impaired hypotha-
lamic gonadotropin-releasing hormone (GnRH) pulsatility and
reduced pituitary gonadotropin release (luteinizing hormone
(LH)/follicle-stimulating hormone (FSH)), thereby contributing
to functional hypogonadotropic hypogonadism. This hypogon-
adotropic pattern in men with ESRD contrasts with the predomi-
nantly hypergonadotropic hypogonadism observed in women of
reproductive age on dialysis, in whom elevated LH and FSH
levels mainly reflect impaired ovarian steroidogenesis and dis-
turbed feedback rather than preserved GnRH—LH pulsatility. In
other words, uremia exerts a central inhibitory effect on GnRH
secretion in both sexes, but in women the coexistence of reduced
negative and positive estradiol feedback and possible reduced

gonadotropin clearance leads to chronically elevated gonadotro-
pin levels despite anovulation and luteal insufficiency. Impor-
tantly, uremia does not selectively affect GnRH alone; rather,
it induces a broader hypothalamic—pituitary dysregulation (e.g.,
dopaminergic control of PRL and altered thyrotropic hormone
releasing hormone (TRH)/thyroid-stimulating hormone (TSH)
dynamics), as discussed in the respective sections [26—28]. This
is compounded by hyperprolactinemia, which exerts an addi-
tional suppressive effect on the hypothalamic-pituitary axis [29,
30]. Furthermore, the chronic inflammatory state typical of ure-
mia, with increased levels of pro-inflammatory cytokines (in-
terleukin (IL)-6, tumor necrosis factor (TNF)-a) and oxidative
stress, impairs Leydig cell function, thereby reducing testos-
terone synthesis [31, 32]. Concomitant metabolic factors such
as diabetes mellitus, obesity, and metabolic syndrome further
aggravate gonadal dysfunction through mechanisms of insulin
resistance and peripheral hyperestrogenism [33, 34].

The clinical consequences of hypogonadism in dialysis
patients extend well beyond reduced libido and erectile dys-
function. Androgen deficiency is associated with sarcopenia,
decreased muscle strength, increased visceral fat mass, reduced
responsiveness to ESAs, and worsening of anemia [35]. From a
prognostic perspective, several studies have demonstrated that
low total testosterone levels (< 300 ng/dL) are an independent
predictor of both cardiovascular and all-cause mortality (Fig. 3),
with an increased risk of up to 30% in dialysis patients [36, 37].

Diagnosis requires an integrated approach. Clinical evalu-
ation should be supported by validated questionnaires such as
the International Index of Erectile Function (IIEF-5), com-
bined with measurement of total testosterone in at least two
morning samples [38]. In borderline cases, assessment of free
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Table 2. Gender Differences in Endocrine Alterations in ESRD

Alteration Men ‘Women Clinical implications
Hypogonadism Very frequent (| testosterone) Less documented; lower prevalence  Greater impact on muscle
mass and libido in men
Prolactin 1 (hypogonadism and sexual dysfunction) 1 (menstrual alterations, amenorrhea) Effects on fertility in both sexes
Thyroid Low T, syndrome frequent Similar frequency Association with mortality
regardless of sex
Vitamin D/PTH Deficiency and secondary Deficiency and secondary hy- Renal osteodystrophy, fracture
hyperparathyroidism similar perparathyroidism similar risk, vascular calcifications
Sexual quality of life ~ Decreased desire, erectile dysfunction Decreased sexual satisfaction, Significant psychological

dyspareunia

and relational impact

ESRD: end-stage renal disease; PTH: parathyroid hormone.

testosterone, either calculated on the basis of sex hormone-
binding globulin (SHBG) or measured directly, may be in-
formative. Gonadotropins (LH, FSH) measurement helps dif-
ferentiate hypogonadotropic from hypergonadotropic forms,
with important clinical implications [39].

The treatment of male hypogonadism in ESRD is complex
and requires a careful balance of benefits and risks. Phospho-
diesterase type 5 inhibitors (PDE-5i), such as sildenafil and
tadalafil, represent the first-line therapy for erectile dysfunc-
tion and have shown efficacy even in dialysis patients. Key
evidence for endocrine practice includes clinical trials on the
use of PDE-5i in dialysis patients with erectile dysfunction:
RCTs have demonstrated significant improvements in IIEF
scores and quality of life with sildenafil and vardenafil, with
a favorable safety profile. These findings support the use of
PDE-5i as first-line therapy in ESRD patients, in alignment
with current recommendations for erectile dysfunction man-
agement in the presence of hypogonadism [41].

Regarding testosterone replacement therapy (TRT), the evi-
dence base in dialysis patients remains limited but clinically im-
portant. TRT may be considered in patients with symptomatic,
biochemically confirmed hypogonadism, but requires exception-
ally close monitoring due to the risks of polycythemia, fluid re-
tention, and potential worsening of heart failure. The Endocrine
Society guidelines recommend restrictive indications, requiring
both clinical symptoms and consistently low testosterone levels
(typically < 300 ng/dL), combined with structured monitoring
protocols including hematocrit, prostate-specific antigen (PSA),
and cardiovascular event surveillance—aspects of particular rel-
evance in the dialysis population [42, 43]. A recent translational
review summarized the biological rationale and current gaps in
hard clinical outcome data regarding TRT in CKD, emphasizing
the urgent need for adequately powered prospective studies to
establish optimal therapeutic strategies and clarify their impact
on survival and cardiovascular outcomes. The limited RCT data
specifically addressing TRT outcomes in dialysis patients un-
derscore the significant knowledge gap in this area and support
the current cautious approach to testosterone replacement in this
vulnerable population.

For patients wishing to preserve fertility, alternative thera-
pies such as clomiphene citrate, human chorionic gonadotro-
pins (hCQG), and selective estrogen modulators may represent
valid options [42, 43]. These approaches warrant consideration

as potential alternatives to long-term TRT given their poten-
tially more favorable safety profiles in terms of cardiovascular
and hematologic complications.

In summary, male hypogonadism in dialysis patients is not
merely an endocrine disorder but also an important prognos-
tic factor directly influencing survival and quality of life. Its
management requires a multidisciplinary approach involving
nephrologists, endocrinologists, and andrologists, and should
be personalized according to each patients’ clinical profile.
Key evidence for endocrine practice includes clinical trials on
the use of PDE-5i in dialysis patients with erectile dysfunc-
tion: RCTs have demonstrated significant improvements in
IIEF scores and quality of life with sildenafil and vardenafil,
with a favorable safety profile [44, 45]. These findings sup-
port the use of PDE-5i as first-line therapy in ESRD patients,
in alignment with current recommendations for erectile dys-
function management in the presence of hypogonadism. For
TRT, the Endocrine Society guidelines recommend restrictive
indications (symptoms plus consistently low testosterone) and
structured monitoring (hematocrit, prostate-specific antigen
(PSA), cardiovascular events), aspects of particular relevance
in the dialysis population [46]. A recent translational review
summarized the biological rationale and current gaps in hard
clinical outcome data regarding TRT in CKD, emphasizing the
urgent need for adequately powered prospective studies [47].

Female sex

Gonadal alterations in women with ESRD, although less ex-
tensively studied than in men (Table 2), represent a condition
of equal relevance. Women of reproductive age undergoing di-
alysis treatment frequently experience menstrual disturbances,
secondary amenorrhea, and infertility, reflecting significant
dysfunction of the hypothalamic-pituitary-ovarian axis [16, 17].
Hormonal profiles are characterized by elevated LH and FSH
levels, with reduced concentrations of estradiol and progester-
one, often accompanied by hyperprolactinemia [48]. This con-
stellation is consistent with a hypergonadotropic hypogonadism
pattern, in which ovarian failure and impaired estradiol feed-
back (both negative and positive) lead to chronic elevation of
LH/FSH despite anovulation and luteal phase defects. Classic
physiological and clinical studies suggest that uremia in women
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blunts the normal cyclic GnRH-LH surge rather than increasing
GnRH drive, and that the lack of an LH surge persists even after
exogenous estradiol administration, indicating a central hypo-
thalamic—pituitary defect. Data on GnRH levels per se in dialy-
sis women are limited, but available evidence supports an altered
pulsatile GnRH secretion and defective feedback circuitry rather
than a simple up- or down-regulation of GnRH release. Clinical-
ly, female sexual dysfunction is highly prevalent and translates
into impairment of overall sexual function, with a substantial
impact on quality of life and reproductive health. Studies using
the Female Sexual Function Index (FSFI) have demonstrated
significantly lower scores in women on HD and PD compared
with healthy controls, with the most pronounced effects on sexu-
al desire, arousal, and overall satisfaction [49-51]. Interestingly,
some investigations have reported greater sexual satisfaction in
women on continuous ambulatory peritoneal dialysis (CAPD)
compared with those on HD, likely due to greater autonomy,
hemodynamic stability, and reduced variability of metabolic
parameters, especially associated with PD relative to HD [52].
The consequences extend beyond sexual health: female hypo-
gonadism contributes to increased risk of osteoporosis, sarco-
penia, and cardiovascular dysfunction, thereby exacerbating the
frailty of the dialysis population [53, 54].

As in men, the management of these disorders in women
requires a personalized and multidisciplinary approach. Coun-
seling is essential and should include clear explanations of
pathophysiology, therapeutic information, and psychological
support. From a therapeutic perspective, in postmenopausal
women, local estrogen therapy can improve vaginal symptoms
and sexual quality of life, while systemic hormone replacement
therapy, preferably via the transdermal route, may be considered
in selected cases, taking into account cardiovascular and throm-
boembolic risk [55]. The recommendations of the EMAS 2025
emphasize the importance of an individualized approach that
considers age, menopausal duration, and associated comorbidi-
ties [56]. On the female side, a recent meta-analysis quantified
the high prevalence of sexual dysfunction in women with ESRD
and showed improvement after kidney transplantation across
several FSFI domains [57]. These findings support the integra-
tion of standardized sexual function assessment into routine
clinical practice and, when appropriate, multimodal counseling.
In postmenopausal women with genitourinary symptoms, lo-
cal estrogen therapy remains an effective option; for systemic
therapy, consensus documents and international position state-
ment (EMAS, Endocrine Society) highlight the need for indi-
vidualized treatment that carefully weighs benefits and risks in
the context of renal comorbidities [58, 59].

In conclusion, female hypogonadism in dialysis patients is
common, underrecognized condition with significant repercus-
sions on quality of life and prognosis. Its management requires
collaboration among nephrologists, endocrinologists, and gy-
necologists to ensure safe and effective therapeutic strategies.

Hyperprolactinemia

Hyperprolactinemia is one of the most frequent and distinctive
endocrine alterations in patients with ESRD on dialysis, with

an estimated prevalence of 60—70% depending on the cohort
studied [60]. Unlike the general population, in which the main
causes are prolactinomas and dopamine antagonist drugs, in
uremic patients this condition is essentially secondary to re-
duced renal clearance and central dysregulation of pituitary
secretion [61].

From a pathophysiological standpoint, the kidney plays
a fundamental role in PRL metabolism and degradation. In
ESRD patients, the loss of this function leads to progressive
accumulation of the hormone in circulation [62]. In parallel,
uremia alters hypothalamic dopaminergic regulatory mecha-
nisms, resulting in increased PRL secretion [63]. Chronic
inflammation and disturbances in estrogen and androgen me-
tabolism further contribute to sustaining hyperprolactinemia,
creating a vicious cycle of endocrine dysregulation [64].

Clinical manifestations vary according to sex and age. In
women of reproductive age, hyperprolactinemia is associated
with oligomenorrhea and galactorrhea, compromising fertil-
ity and contributing to hypogonadotropic hypogonadism [65].
In men, it manifests as decreased libido, erectile dysfunction,
and worsening testosterone deficiency [66]. In both sexes, the
condition exacerbates sexual and relational quality of life, am-
plifying a problem already prevalent in dialysis patients [67].
Beyond the reproductive domain, several recent studies have
suggested a possible association between hyperprolactinemia
and cardiovascular risk in ESRD. PRL appears to exert pro-in-
flammatory and pro-atherogenic effects, potentially involved
in the progression of endothelial dysfunction and increased
arterial stiffness [68]. Although these associations are not yet
fully understood, they highlight the need for greater clinical
attention to this condition.

An important aspect is the response to dialysis therapy.
Conventional HD is unable to significantly reduce PRL levels,
which remain persistently elevated over time [69]. More in-
tensive HD regimens, such as daily or nocturnal dialysis, may
lead to partial reductions in serum levels but rarely normalize
PRL concentrations. Similarly, CAPD does not appear to pro-
vide effective control of hyperprolactinemia [70]. These find-
ings emphasize that the problem is linked to the pathophysiol-
ogy of uremia rather than to the dialysis modality.

The management of hyperprolactinemia in ESRD requires
a selective, tailored approach. In clinical practice, serum PRL
should be measured in dialysis patients presenting with oth-
erwise unexplained sexual dysfunction, hypogonadism (e.g.
low libido, erectile dysfunction, menstrual disturbances), ga-
lactorrhea, or infertility, and whenever gonadotropin or sex
steroid abnormalities raise suspicion of a central dopaminergic
disorder rather than isolated primary gonadal failure. Not all
patients require treatment: in asymptomatic cases, a watch-
ful waiting strategy may be adopted [71]. Pharmacological
therapy is indicated in presence of significant clinical symp-
toms or when a concomitant prolactinoma is suspected. Dopa-
mine agonists, such as cabergoline and bromocriptine, are the
agents of choice: they have proven effective in lowering PRL
levels and improving clinical manifestations, without requir-
ing major dose adjustments in ESRD patients [72]. However,
their use must be carefully weighed, particularly in patients
with cardiovascular comorbidities, given the risks of hypoten-
sion, arrhythmias, and, with chronic therapy, valvulopathies
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[73-75]. Kidney transplantation remains the only truly cura-
tive strategy, capable of normalizing PRL levels in most cases
within a few months of restored renal function [76]. This fur-
ther underscores that endocrine alterations in ESRD are not
isolated entities but rather direct consequences of chronic renal
dysfunction, reversible with organ recovery.

In summary, hyperprolactinemia in dialysis patients is
a highly prevalent and clinically significant condition that
worsens sexual and reproductive function, contributes to hy-
pogonadism, and potentially increases cardiovascular risk.
Its management should be individualized, with selective use
of pharmacological therapy and the awareness that kidney
transplantation represents the only definitive intervention. A
structured diagnostic-therapeutic pathway should begin with
the exclusion of secondary causes and medications (neurolep-
tics, metoclopramide, verapamil, opioids), and PRL measure-
ment should be primarily reserved for dialysis patients with
suggestive clinical features such as sexual dysfunction, hy-
pogonadism, galactorrhea, or infertility, rather than used as a
universal screening test; subsequently, fasting blood sampling
should be repeated, macroprolactin assessed, and the presence
of CKD considered as a well-recognized cause of mild to mod-
erate hyperprolactinemia [77]. In ESRD patients, neither con-
ventional nor more frequent dialysis normalizes PRL levels;
thus, treatment is reserved for symptomatic cases (sexual dys-
function, hypogonadism, galactorrhea) or when prolactinoma
is present. Dopamine agonists (cabergoline, bromocriptine)
are effective and generally do not require dose adjustment, al-
though long-term clinical and echocardiographic monitoring is
advisable given cumulative cabergoline exposure [78]. Finally,
observational studies have reported associations between PRL
and cardiovascular risk in CKD, but the evidence remains
heterogeneous; prospective cohorts with long-term follow-up
have shown conflicting results, underscoring the need for tar-
geted future studies in ESRD [79].

HPT axis

From a practical standpoint, the primary consideration is to
distinguish non-thyroidal illness (NTI) from ESRD-related ab-
normalities: in dialysis patients, reverse triiodothyronine (rT,)
tends to be normal or low, whereas FT; is the parameter most
frequently reduced and of greatest prognostic relevance [80].
Second, analytical artifacts affecting FT, must be considered,
particularly those induced by heparin (even at low doses).
Through lipolysis and the increase of free fatty acids, heparin
may cause spurious elevations in FT,; therefore, blood sam-
pling should ideally be performed before heparin administra-
tion or on a non-dialysis day, and results should be interpreted
with caution [81-83]. Finally, the so-called “low T, syndrome”
is associated with poor prognosis in dialysis patients and has
been shown to be an independent predictor of mortality in both
HD and PD cohorts [84, 85]. Thyroid function abnormalities
are well documented in ESRD patients and include changes in
TSH, FT;, and FT, levels, as well as alterations in their clear-
ance and distribution [86]. TSH, in particular, exhibits atypical
behavior: the response to exogenous TRH is blunted, pulsatile
secretion is reduced, and plasma clearance is slowed by up to

57% compared with healthy individuals [87]. Moreover, the
circadian rhythm of TSH, normally characterized by a noctur-
nal peak in subjects with preserved renal function, tends to be
flattened in dialysis patients, reflecting central dysregulation
[88, 89]. Measurement of TF, in ESRD patients poses inter-
pretative challenges. Analog-based assays may underestimate
true values due to hypoalbuminemia, accumulation of uremic
toxins competing for binding sites, and pharmacological inter-
ferences [90]. Particularly relevant is the effect of heparin, rou-
tinely used during HD, which stimulates lipoprotein lipase and
causes transient rise in free fatty acid. These displace thyroxine
from its binding proteins, leading to a spurious increase in FT,
[91]. This phenomenon must be carefully considered to avoid
misdiagnosis. FT; is the hormone most frequently affected.
The so-called “low T, syndrome” is reported in 65-75% of
dialysis patients and is attributed to reduced peripheral con-
version of T, to T;, resulting from altered activity of type I
and II deiodinases [92]. Chronic inflammation, protein-calorie
malnutrition, and peripheral thyroid hormone resistance fur-
ther contribute to this condition [93]. Importantly, it should not
be regarded as a mere epiphenomenon: several studies have
demonstrated that low-T, syndrome is associated with poor
outcomes and is an independent predictor of both cardiovascu-
lar and all-cause mortality [94]. Another diagnostic clue is r'T5.
In NTI, typically observed in critically ill patients, rT tends to
be elevated; in contrast, in ESRD patients, rT; levels are gen-
erally normal or low [95, 96]. This distinction allows accurate
differentiation between the two conditions and appropriate in-
terpretation of thyroid hormone alterations in dialysis patients.

Hypothyroidism

Hypothyroidism, in both overt and subclinical forms, is sig-
nificantly more frequent in patients with CKD compared
with general population. According to data from the National
Health and Nutrition Examination Survey (NHANES), its
prevalence may reach high values in advanced stages of CKD,
with a further increase in patients undergoing dialysis therapy
[97]. This condition represents not only a marker of advanced
disease but also an independent prognostic factor for cardio-
vascular events and mortality [98]. The causes are multifacto-
rial: chronic iodine retention, due to reduced renal clearance,
may induce a persistent Wolff-Chaikoff effect with suppres-
sion of thyroid hormone synthesis [99]; chronic metabolic aci-
dosis, commonly observed in uremic patients, contributes to
increased TSH levels and reduced FT, and FT, concentrations
[100]; finally, deficiencies of essential micronutrients such as
selenium and zinc impair deiodinase activity, thereby exacer-
bating thyroid dysfunction [101]. Clinically, hypothyroidism
in ESRD is associated with worsening cardiovascular function,
including reduced myocardial contractility, increased arterial
stiffness, and greater predisposition to vascular calcifications
[102]. In PD patients, even subclinical forms have been cor-
related with reduced left ventricular ejection fraction, suggest-
ing that mild alterations may have significant consequences
[103]. Levothyroxine replacement therapy is indicated in overt
form, in accordance with guideline recommendations [104],
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with individualized targets and titration, with carefully consid-
ering drug interactions and the dialysis regimen. In subclini-
cal hypothyroidism, however, management remains debated:
observational studies have suggested that replacement therapy
may reduce cardiovascular risk and slow CKD progression
[105], but randomized trials are needed to confirm these find-
ings. The KDIGO guidelines recommend an individualized
approach based on the patients’ risk profile, generally support-
ing treatment of subclinical hypothyroidism in CKD/ESRD
when TSH is persistently and clearly elevated, in the presence
of compatible symptoms, heart failure or high cardiovascular
risk, while a watchful waiting strategy may be reasonable in
asymptomatic patients with only mild TSH elevation [106].

Hyperthyroidism

Hyperthyroidism in patients with ESRD is rare, with a prev-
alence comparable to that of the general population [107].
Nevertheless, when present, it may have clinically relevant
consequences. One of the main causes of hyperthyroidism in
dialysis patients is iodine exposure from medications or con-
trast agents, which can trigger the Jod-Basedow phenomenon
[108]. From a pathophysiological standpoint hyperthyroidism
leads to an increase in glomerular filtration rate (GFR) of up
to 18-25% [109], which may temporarily mask the severity of
renal dysfunction but, at the same time, promotes the develop-
ment of proteinuria and glomerulosclerosis [110]. In addition,
it is associated with worsening arterial hypertension and ac-
celerated progression of CKD [111].

Pharmacological treatment with methimazole does not
require dose adjustment in CKD patients; however, up to 30—
40% of the drug can be removed during a single HD session,
and therefore administration is recommended immediately
after dialysis [112]. In selected cases, treatment with radioio-
dine (I'*") may be indicated, but its management in dialysis
patients requires particular caution: isotope elimination occurs
primarily through dialysis, and administration must be care-
fully planned in a multidisciplinary setting, ideally scheduled
immediately after a dialysis session with a minimum interval
of 12 h before the next one [113]. In patients with hyperpar-
athyroidism or thyroid cancer who are candidates for I'3! man-
agement, multidisciplinary coordinated planning is required:
administration ideally immediately after an HD session, an
appropriate interval before the next session, and strategies to
maximize thyroid uptake while minimizing systemic exposure.
In addition, special attention must be paid to the handling of
spent dialysate and extracorporeal circuit components, which
should be managed as radioactive waste according to local
radiation-safety protocols, with appropriate shielding, storage,
and disposal procedures to limit exposure of staff and the envi-
ronment. The literature supports personalized approaches and
dedicated protocols in dialysis patients [114].

Thyroid nodules and carcinoma

The overall prevalence of thyroid carcinoma in patients with
CKD is comparable to that in the general population; however,

some studies have reported a higher incidence and a more ag-
gressive clinical course of papillary thyroid carcinoma in dial-
ysis patients [115]. The causes of this association are not fully
understood but may be related to chronic iodine exposure—
due to reduced renal iodine clearance combined with repeated
exposure to iodine-containing contrast media, antiseptic solu-
tions, and some medications—as well as to the persistent in-
flammatory milieu and immune system alterations typical of
uremia [116]. From a management perspective, the diagnosis
and treatment of thyroid carcinoma in ESRD patients pose
unique challenges. In particular, the use of radioiodine is com-
plicated by reduced renal clearance and the need for its elimi-
nation through dialysis. This entails prolonged exposure risks
not only for the patient but also for healthcare personnel [117].
For this reason, optimal management requires a multidiscipli-
nary approach involving nephrologists, endocrinologists, on-
cologists, and nuclear medicine specialists.

Other endocrine axes

Beyond gonadal, thyroid, and PRL-related alterations, patients
with ESRD exhibit dysfunctions involving other endocrine
axes, which although less extensively studied, are clinically
relevant [118]. In ESRD patients, basal cortisol secretion is
generally preserved; however, several studies have demon-
strated an attenuated response to stress stimuli such as severe
infections, surgery, or hemodynamic shock [119]. This phe-
nomenon, known as “relative adrenal insufficiency” appears to
be related both to altered bioavailability of free cortisol—due
to hypoalbuminemia and changes in transcortin—and to tissue
resistance to glucocorticoids [120]. Clinically, this condition
may manifest as an inadequate stress response, contributing to
worse outcomes in critical situations.

One of the most severely affected axes in uremic patients is
the vitamin D-PTH axis. Reduced activity of renal 1a-hydroxylase
results in a marked decrease in calcitriol biosynthesis, leading to
hypocalcemia and stimulation of PTH secretion [121]. The con-
sequence is secondary hyperparathyroidism, which in turn pro-
motes bone resorption and contributes to renal osteodystrophy.
This alteration extends beyond bone metabolism. Deficiency
of active vitamin D and excess PTH have been associated with
sarcopenia, reduced muscular strength, impaired immune func-
tion, and increased susceptibility to infections [122]. In addition,
elevated PTH contributes to vascular remodeling and arterial
calcification, further exacerbating the already high cardiovascu-
lar risk in ESRD patients [123]. Overall, these alterations under-
score how ESRD represents a systemic endocrine syndrome, in
which impaired renal function triggers a cascade of hormonal
dysfunctions with multisystem consequences. Integrated man-
agement of these axes therefore constitutes a crucial component
of the comprehensive care of dialysis patients [124].

Differences Between HD and PD on Endocrine
Axes

Dialysis modalities differ not only in technique and impact on
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quality of life but also in their consequences on the endocrine
profile of patients. Although both PD and HD share the goal
of replacing renal function, their effects on hormonal axes are
not overlapping [125]. Several studies have demonstrated that
male patients on HD exhibit lower mean testosterone levels
compared with those on PD [126]. This difference may in
part be explained by the greater hemodynamic instability of
intermittent HD, metabolic fluctuations, and higher exposure
to acute inflammatory states compared with PD, which pro-
vides more continuous and stable clearance, but it may also
reflect baseline differences in case-mix, as PD patients are of-
ten younger, less comorbid, and more functionally independ-
ent. In women, sexual function appears to be less impaired in
CAPD, with slightly higher FSFI scores than in HD patients
[127]. This difference may reflect not only biological factors
and the greater sense of autonomy and control associated with
PD, which positively influence perceived quality of life and re-
lational well-being, but also the fact that PD cohorts frequently
include younger and overall healthier patients who are able
and willing to perform dialysis themselves.
Hyperprolactinemia occurs in both dialysis modalities, but
some studies have reported higher mean concentrations in HD
patients, likely due to acute fluctuations in plasma PRL levels
induced by dialysis sessions. In PD, by contrast, continuous
clearance appears to provide greater stability, although abso-
lute values are not normalized [128]. Routine heparin use in
HD represents an additional factor capable of interfering with
FT, assays, complicating their clinical interpretation [129].
This issue is not present in PD patients, in whom thyroid hor-
mone measurements are generally more stable and reliable.
Patient-reported quality of life is generally better in PD, par-
ticularly with regard to sexual and relational domains [130].
This outcome may be attributed both to clinical factors (meta-
bolic stability) and to psychosocial factors (autonomy, reduced
hospitalization). Nevertheless, the choice of dialysis modality
must always be individualized, taking into account comorbidi-
ties, family support, and personal preferences. These baseline
differences in age, comorbidity burden, and functional status
should be kept in mind when interpreting endocrine and sexual
function differences between HD and PD populations.

Clinical Management of Endocrine Alterations
in ESRD

The management of endocrine alterations in patients with
ESRD represents a highly complex clinical challenge requir-
ing an integrated, multidisciplinary, and patient-centered ap-
proach. Therapeutic strategies are based on three main pillars:
systematic screening, individualized treatment, and multi-
disciplinary integration [131, 132]. One of the main limita-
tions in routine clinical practice is the limited attention paid
to endocrine screening in dialysis patients. Despite the well-
documented prognostic role of parameters such as testoster-
one, FT;, and PRL [133], these assessments are not routinely
included in follow-up protocols. A more proactive approach
should include periodic measurement of total testosterone (and
free testosterone in uncertain cases), estradiol, PRL, TSH, FT;,

FT,, and active vitamin D [134]. In addition to hormonal as-
says, validated tools such as the (IIEF-5 for men and the FSFI
for women are valuable instruments for assessing sexual func-
tion and relational well-being [135]. Incorporating these tools
into nephrology clinics would allow early identification of at-
risk patients, enabling timely intervention.

The treatment of endocrine alterations in ESRD cannot be
standardized but must be tailored to the clinical profile of each
patient.

Male hypogonadism

PDE-5i are first-line therapy for erectile dysfunction and have
proven effective even in dialysis patients [136]. TRT may im-
prove systemic symptoms and quality of life but should be
reserved for selected cases, with close monitoring for risk of
polycythemia, fluid retention, and cardiovascular complica-
tions [137]. In patients wishing to preserve fertility, alterna-
tives such as clomiphene citrate and human gonadotropins of-
fer safe options [138].

Female hypogonadism

Management relies on local estrogen therapy for genitourinary
symptoms and, in selected cases, systemic hormone replace-
ment therapy, preferably via the transdermal route, with careful
evaluation of thromboembolic and cardiovascular risk [139].

Hyperprolactinemia

Does not always require treatment. In symptomatic cases or
when a prolactinoma is present, dopamine agonists (cabergo-
line, bromocriptine) are the therapy of choice [140]. Their use
must be closely monitored for potential cardiovascular adverse
effects.

Hypothyroidism

Overt forms require levothyroxine replacement therapy. In
subclinical hypothyroidism, management should be individu-
alized, considering cardiovascular risk, age, and symptoms
[141].

Hyperthyroidism

Management includes antithyroid drugs and, in selected cases,
radioiodine therapy, with integrated scheduling of dialysis ses-
sions [142].

Secondary hyperparathyroidism

Treatment includes active vitamin D (calcitriol and analogs) and

rticles e authors ournal compilation or] ephrol Urol and Elmer Press Inc teps://winu.elmerpub.com
Articles © Th h | [ © World | Nephrol Urol and El P Inc™ https:// | b



Barbera et al

World | Nephrol Urol. 2026;15(2):26-41

Calcimimetics, in accordance with KDIGO guidelines [143].
Kidney transplantation represents the only truly curative
strategy for most endocrine alterations in ESRD. After trans-
plantation, testosterone, PRL, and thyroid hormone levels tend
to normalize progressively [144]. However, long-term immu-
nosuppressive therapy introduces new endocrine challenges,
such as iatrogenic hypercortisolism, calcineurin inhibitor-in-
duced metabolic syndrome, and post-transplant osteoporosis
[145]. Continuous endocrinological management is therefore
required even after restoration of renal function. The complex-
ity of endocrine alterations in ESRD necessitates management
involving multiple specialists: nephrologists, endocrinologists,
andrologists, gynecologists, cardiologists, and dietitians. The
creation of an integrated nephron-endocrinology pathway rep-
resents a concrete and desirable prospect for the future [146].

Clinical Perspectives/Future Directions

Endocrine alterations in patients with ESRD remain a largely
understudied area, despite representing a significant determi-
nant of quality of life, morbidity, and mortality. Their clinical
implications range from bone metabolism to cardiovascular risk,
from fertility to metabolic complications, outlining a scenario
that requires systematic and integrated attention [147]. From
a clinical care perspective, the integration of routine hormonal
screening into follow-up protocols for dialysis patients should
be prioritized. This should include periodic assessment of tes-
tosterone, estradiol, PRL, TSH, FT,, FT,, vitamin D, and PTH
as well as standardized clinical tools for evaluating sexual func-
tion and quality of life [148]. A proactive approach would allow
early identification of potentially treatable abnormalities and
guide patients toward personalized therapeutic pathways. Ther-
apeutic strategies should evolve toward greater personalization,
taking into account both the clinical heterogeneity of ESRD pa-
tients and the complexity of pharmacological interactions. Ran-
domized clinical trials are still needed to clarify the efficacy and
safety of TRT, the management of subclinical hypothyroidism,
and the use of dopamine agonists for hyperprolactinemia [149].
Furthermore, the impact of vitamin D supplementation strate-
gies and drugs modulating mineral-bone metabolism (Calcimi-
metics) deserves prospective evaluation [150].

Despite a growing body of literature, several knowledge
gaps remain. The precise molecular mechanisms through which
anemia interferes with hypothalamic-pituitary axes are yet to be
fully elucidated, as is the long-term relationship between endo-
crine dysfunction and cardiovascular outcomes [151]. Transla-
tional research may also help identify novel hormonal biomark-
ers predictive of prognosis and therapeutic response [152]. From
an organizational perspective, it is essential to promote multidis-
ciplinary collaboration models between nephrologists and endo-
crinologists, in order to overcome the current fragmentation of
care. Integrated care pathways would optimize the management
of endocrine complications, improve quality of life, and reduce
mortality [153]. At the same time, the adoption of more physio-
logical dialysis technique and the expansion of access to kidney
transplantation remain key objectives to mitigate the endocrine
impact of ESRD [154].

Conclusions

Endocrine disorders in ESRD remain an overlooked aspect
of patient care, despite their major clinical impact. Hypog-
onadism, hyperprolactinemia, and thyroid dysfunction are not
minor laboratory abnormalities but prognostic marker that in-
fluence survival and quality of life. Evidence links low tes-
tosterone and FT, with increased mortality, underscoring the
importance of systematic monitoring. Dialysis modality also
matters: differences between HD and PD indicate that treat-
ment choice should account for endocrine consequences as
well as clinical and logistical factors. Optimal management
requires regular screening, personalized treatment, and a mul-
tidisciplinary approach. Kidney transplantation is the only
curative option, yet long-term endocrinological follow-up re-
mains essential to manage complications for immunosuppres-
sion. Prospective studies and randomized trials are urgently
needed to define the role of hormone replacement therapies
in this vulnerable population, which is still underrepresented
in the literature. Greater collaboration between nephrologists
and endocrinologists is key to improving outcomes and qual-
ity of life.
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