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Chronic kidney disease (CKD) is a multifactorial pathology that progressively leads to
the deterioration of metabolic functions and results from deficient glomerular filtration
and electrolyte imbalance. Its economic impact on public health is challenging. Mexico
has a high prevalence of CKD that is strongly associated with some of the most
common metabolic disorders like diabetes and hypertension. The gradual loss of
kidney functions provokes an inflammatory state and endocrine alterations affecting
several systems. High serum levels of prolactin have been associated with CKD
progression, inflammation, and olfactory function. Also, the nutritional status is altered
due to impaired renal function. The decrease in calorie and protein intake is often
accompanied by malnutrition, which can be severe at advanced stages of the disease.
Nutrition and olfactory functioning are closely interconnected, and CKD patients often
complain of olfactory deficits, which ultimately can lead to deficient food intake.
CKD patients present a wide range of deficits in olfaction like odor discrimination,
identification, and detection threshold. The chronic inflammatory status in CKD damages
the olfactory epithelium leading to deficiencies in the chemical detection of odor
molecules. Additionally, the decline in cognitive functioning impairs the capacity of odor
differentiation. It is not clear whether peritoneal dialysis and hemodialysis improve the
olfactory deficits, but renal transplants have a strong positive effect. In the present
review, we discuss whether the olfactory deficiencies caused by CKD are the result
of the induced inflammatory state, the hyperprolactinemia, or a combination of both.

Keywords: chronic kidney disease, olfactory deficit, neuroinflammation, prolactin, olfactory epithelium, olfactory
bulb

INTRODUCTION

The kidneys are in charge of filtering and eliminating the metabolic products and toxins from the
blood, maintaining the control of the extracellular fluid, and the electrolyte and acid-base balance
(Dhondup and Qian, 2017). Chronic kidney disease (CKD) is a major public health problem
affecting approximately 9–12% of the population worldwide (Ji-Cheng and Lu-Xia, 2019; Cockwell
and Fisher, 2020). In Mexico, diabetes and hypertension, two chronic metabolic diseases, are
associated with CKD; studies on the latter’s prevalence and incidence are scarce (Gutierrez-Padilla
et al., 2010; Aguilar and Madero, 2019).
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FIGURE 1 | Neuroimmune alterations and olfactory deficiencies promoted by
chronic kidney disease. In chronic kidney disease (CKD), kidney function is
compromised due to alterations of the glomerular filtration rate (GFR), as the
disease progresses from stage G1 (≥90 ml/min/1.73 m2) to G5
(<15 ml/min/1.73 m2). This leads to increased levels of the uremic toxins
indoxyl sulfate and p-Cresol. The toxin accumulation activates the immune
system by releasing cytokines and increasing prolactin (PRL) levels due to
inadequate GFR. CKD patients develop deficiencies in odor detection,
identification, and discrimination that are reversible after renal transplantation.
Additionally, olfactory alterations can cause malnutrition, worsening the
patients’ condition. Evidence on the regulatory role of PRL in olfactory
processing suggests an interaction between CKD-induced high PRL levels
and the olfactory deficiencies (dotted blue arrows). Created with
BioRender.com.

CHRONIC KIDNEY DISEASE

CKD is defined as structural and functional abnormalities in
the kidney for more than 3 months, mainly caused by deficient
glomerular function (Figure 1; No Author, 2013; Levey et al.,
2020). The glomerular filtration rate (GFR) is used as an overall
index of kidney function. CKD is classified to facilitate the
diagnosis and treatment of patients with kidney damage and
is based on an estimated GFR for three consecutive months.
The classification is divided into five stages (G1–G5): normal to
mildly decreased GFR (G1–G2; ≥ 90 and 60–89 ml/min/1.73 m2,
respectively), moderately to severely decreased GFR (G3–G4;
30–59 and 15–29 ml/min/1.73 m2, respectively) and kidney
failure (G5; < 15 ml/min/1.73 m2) (Levey et al., 2020). When
GFR is < 15 ml/min/1.73 m2 (G5), patients are diagnosed
with end-stage kidney disease (ESKD) and usually require a
renal replacement therapy that could be dialysis or kidney
transplantation (Krajewska et al., 2020).

CKD leads to uremia, a condition induced by the
accumulation of uremic toxins in the body (Cigarran Guldris
et al., 2017). Classically, the uremic toxins are classified based
on their physicochemical characteristics into small water-soluble

compounds, protein-bound, and middle molecules (Cobo et al.,
2018; Vanholder et al., 2018). Uremic toxin retention negatively
interacts with a variety of biological systems, and the progression
of CKD to ESKD is strongly associated with the accumulation
of uremic metabolites in the blood, with concentrations that
reach 10–100-fold in CKD patients compared to the healthy
population (Bobot et al., 2020).

The origin of uremic toxins in CKD is manifold. In CKD,
dysbiosis in the intestinal microflora with increased pathogenic
flora occurs (Cigarran Guldris et al., 2017). Uremic toxins are
generated through protein fermentation by colonic microbiota
(Rysz et al., 2021). Proteins degraded in the colon are broken
down by intestinal bacteria to metabolites, such as phenols
and indoles (Cigarran Guldris et al., 2017), and subsequently
eliminated in the feces. However, some of them are absorbed and
eliminated by the kidney (Cigarran Guldris et al., 2017).

In CKD, the uremic toxins generated by the intestinal
microflora are protein-bound indoles and phenols (Rysz et al.,
2021). Indole is a metabolite of the dietary amino acid
L-tryptophan after fermentation by intestinal bacteria, which is
rapidly absorbed by intestinal epithelial cells and subsequently
sulfated to indoxyl sulfate (IS) in the liver (Cigarran Guldris
et al., 2017). IS directly induces apoptotic and necrotic cell death
of tubular cells, increases oxidative stress and the production
of transforming growth factor β1 (TGF-β1), decreases the
intracellular glutathione, and promotes renal fibrosis with the
consequent decline in the kidney function (Figure 1; Cheng
et al., 2020). The most studied phenolic uremic toxin is p-Cresol,
which is generated by the intestinal microbial breakdown of
tyrosine/phenylalanine and causes endothelial dysfunction and
vascular calcification among other effects (Opdebeeck et al.,
2019). In proximal tubular cells, it increases NADPH activity,
mRNA levels of inflammatory cytokines, and the secretion of
TGF-β1 (Watanabe et al., 2013). P-Cresol is associated with renal
fibrosis and progression of CKD (Figure 1; Watanabe et al., 2013;
Opdebeeck et al., 2019).

Oxidative stress and chronic inflammation have a central role
in the pathophysiological process of uremia, causing secondary
complications in various systems, among them the central
nervous system (CNS) (Watanabe et al., 2014; Tsuruya and
Yoshida, 2018). More specifically, patients commonly present
neurological disorders such as restless leg syndrome (Safarpour
et al., 2020), dementia, stroke (Bugnicourt et al., 2013), and
uremic encephalopathy (Olano et al., 2021). In animal models,
chronic exposure to IS promotes its accumulation in the brain
stem, reducing local monoamine levels and leading to reduced
locomotor and exploratory activity (Karbowska et al., 2020).
IS promotes the expression of oxidative stress markers and
inflammation in glial cells compromising their functioning and
leading to neurodegeneration (Adesso et al., 2017).

CKD is characterized by a low-grade systemic inflammatory
status that plays a key role in the progression of the disease and
the increased morbidity and mortality (Mihai et al., 2018), which
are also affected by malnutrition and chronic inflammation (Tinti
et al., 2021). As illustrated in Figure 1, CKD is associated with
the dysregulation of synthesis, release, and degradation of soluble
molecules of the immune system, the disruption of cytokines
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and inflammatory mediators, and decreased adrenal clearance
accounting for high levels of circulating cytokines (Rossaint
et al., 2016). Inflammatory processes are highly influenced by sex
hormones, with males being more susceptible to exacerbation of
CKD (Kang et al., 2014; Franco-Acevedo et al., 2021).

Endocrine System and Chronic Kidney
Disease
Sex and gender disparities exists in CKD: the worldwide data
analysis of the 2016 Global Burden of Disease, Injuries, and Risk
Factors Study revealed that the CKD prevalence is higher in
women than in men (Bikbov et al., 2018). However, the CKD
progression and risk of death is lower in women, while men tend
to escalate more rapidly to ESKD (Brar and Markell, 2019). In this
vein, as pointed out in a recent review by Machluf et al. (2020), sex
differences and their relationship to CKD incidence are complex,
and various factors, such as age, ethnicity, lifestyle habits, and
access to health care, should be considered (Mills et al., 2015;
Bikbov et al., 2018; Carrero et al., 2018; Machluf et al., 2020).

The deficient and progressive GFR leads to renal damage
and CKD with some sex differences explaining part of the
sex disparities (Brar and Markell, 2019). For instance, men
have larger and heavier kidneys compared to women (Miletić
et al., 1998; Neugarten et al., 2002; Sabolic et al., 2007; Franco-
Acevedo et al., 2021; Lima-Posada and Bobadilla, 2021). In
rodents, males develop glomerular hypertrophy, tubular fibrosis,
proteinuria, and enhanced oxidative stress after kidney ischemia-
reperfusion injury, while females do not present CKD-related
deterioration, suggesting that testosterone and estrogen may
contribute to the susceptibility and progression of the disease
(Lima-Posada et al., 2017). Furthermore, gonadectomized males
presented reduced inflammation with decreased expression
of pro-inflammatory cytokines, and testosterone replacement
exacerbated the inflammatory response. However, in females,
ovariectomy aggravated the inflammation but treatment with
estrogen did not completely revert the effect (Kang et al., 2014).

It is not surprising that sex hormones influence kidney
function since androgen, estrogen, and progesterone receptors
exist in this organ (Davidoff et al., 1980; Takeda et al., 1990;
Bhat et al., 1993; Han et al., 2001; Sabolic et al., 2007). In
humans, sex hormones are also produced within the kidney,
raising the possibility of autocrine and paracrine regulation of
renal functions (Sharpe, 1998; Quinkler et al., 2003). Locally
produced sexual hormones activate their receptors even in the
absence of circulating hormones (Martucci and Fishmann, 1993;
Dalla Valle et al., 2004). Furthermore, several studies on CDK
show its association with elevated concentrations of prolactin
(PRL) (Figure 1; Franco-Acevedo et al., 2021).

Prolactin and Chronic Kidney Disease
PRL is a peptide hormone synthesized in the anterior pituitary
gland and released into the systemic circulation to carry out
more than 300 biological actions: it is associated with the
reproductive system, including the classical lactogenic action in
the mammary gland, osmoregulation, immune response, brain
function, and behavior (Ben-Jonathan et al., 1996). The PRL
receptor is a member of the class I cytokine-hematopoietin

receptor superfamily, widely expressed in different systems (Ma
et al., 2005). Within the CNS, PRL actions include the control of
its secretion (Freeman et al., 2000), neurogenesis in the olfactory
bulb (Shingo et al., 2003), and neuroprotection (Morales, 2011),
among others. The secretion of PRL from the pituitary is
regulated by the inhibitory action of dopamine, released from
the tuberoinfundibular (TIDA) neurons of the arcuate nucleus
(Freeman et al., 2000). Dopamine tonically inhibits the secretion
of PRL (Demaria et al., 2000) through the short feedback
loop between lactotrophs and TIDA neurons, which is largely
responsible for PRL homeostasis (Grattan et al., 2001).

The PRL regulatory loop might be disrupted in CKD
since elevated concentrations of PRL or hyperprolactinemia are
present in ∼30% of the patients in the early stages and 60–80% in
the advanced stages of CKD (Lo et al., 2017; Dourado et al., 2020).
To date, there is no evidence on whether hyperprolactinemia
is caused by deficient metabolic depuration or the central
dysregulation of PRL secretion (Carrero et al., 2012; Gungor
et al., 2013), but deleterious effects of hyperprolactinemia are
known to include endocrine, metabolic, and immune effects
(Borba et al., 2018).

As for the systemic accumulation of PRL and its inadequate
clearance related to deficient renal filtration, there is
some evidence to consider. This hormone participates in
osmoregulation, principally in salt and water metabolism (Loretz
and Bern, 1982). Expression of the PRL gene and the binding
of the hormone have been identified in the Bowman’s capsule
and proximal tubule cells of the kidney (Sakai et al., 1999).
A large percentage of PRL in the renal artery is metabolized and
eliminated by the kidneys (Emmanouel et al., 1981). PRL reduces
sodium, potassium, and water excretion (Stier et al., 1984),
while unilateral nephrectomy and water deprivation significantly
increase serum PRL levels (Horrobin et al., 1971; Loretz and
Bern, 1982; Franco-Acevedo et al., 2021).

The PRL receptor is also expressed in immune system
cells, including lymphocytes, macrophages, and thymic epithelial
cells (Bouchard et al., 1999), where the ligand acts as an
immunomodulatory cytokine (Leite De Moraes et al., 1995).
Hyperprolactinemia is associated with autoimmune diseases such
as lupus and multiple sclerosis (Borba et al., 2018) and possibly
contributes to the inflammatory mechanisms associated with
CKD (Tinti et al., 2021).

A recent study addressing the consequences of elevated PRL
in CKD proposed that the diagnosis of hyperprolactinemia in this
population is difficult and dialysis therapies, such as conventional
hemodialysis and peritoneal dialysis, do not normalize PRL
levels (Lo et al., 2017). However, renal transplantation and the
subsequent improvement in glomerular filtration result in the
normalization of serum PRL levels (Bry-Gauillard et al., 1999;
Saha et al., 2002). Studies using the dopaminergic agonists
cabergoline and bromocriptine in CKD are scarce. However,
when prescribed for clinical conditions such as galactorrhea
or hypogonadism, their use is safe (Degli Esposti et al., 1985;
Salmela et al., 2006).

Dopaminergic neurons’ functionality and survival are
sensitive to cytokines in chronic inflammation conditions
(Felger and Miller, 2012). TIDA neurons have estrogen receptors
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(Mitchell et al., 2003; Ribeiro et al., 2015) and chronic exposure
to estradiol affects them, leading to hyperprolactinemia. This
initiates an inflammatory cascade in the arcuate nucleus:
increased cytokine and nitric oxide production lead to reduced
TIDA neuron functioning, which culminates in lower dopamine
synthesis and high levels of PRL that increase the risk for
mammary and pituitary tumor development (Gilbreath et al.,
2019). This process highlights the importance of inflammatory
regulators in pathological alterations of the PRL system, by
“highjacking” the TIDA circuit and ultimately promoting
hyperprolactinemia.

Interestingly, experimental evidence suggests that a
hyperprolactinemic state might alter the olfactory function
(Corona et al., 2021). Adequate olfactory information processing
relies on the precise function of the olfactory bulb (OB),
which involves continuous plastic changes that tune the
circuit (Shingo et al., 2003; Corona and Levy, 2015). PRL
regulates OB neurogenesis, necessary for healthy olfactory
functions and behavioral responses (Shingo et al., 2003; Corona
and Levy, 2015). Recently, we demonstrated that juvenile
hyperprolactinemia alters OB mitral cell activation in female
mice exposed to social odors, suggesting that PRL participates
in the maturation and response of the OB circuits (Corona
et al., 2021). Interestingly, OB mitral cells express PRL receptors
(Freemark et al., 1996; Canavan et al., 2011; de Moura et al.,
2015), implying that hyperprolactinemia possibly regulates OB
functioning and, as a result, the olfactory capacity in CKD.

OLFACTORY FUNCTION IN DISEASE

Olfactory Impairments in Disease
Human olfaction involves complex processes that detect,
discriminate, and code thousands of odors (McGann, 2017).
Olfactory impairments reflect deficient functionality in the
periphery with variable odor thresholds or compromised central
processing of the olfactory information resulting in diminished
odor discrimination and identification (Frasnelli et al., 2002;
Raff et al., 2008; Robles-Osorio et al., 2020; Iacono et al., 2021;
Yusuf et al., 2021a).

Within the nasal cavity resides the epithelium, where odor
molecules bind to the olfactory receptors (Ihara et al., 2013).
This information is transduced into a neural signal and sent
through the axons of the olfactory sensory neurons (OSN) to
synapse the projection mitral or tufted cells, in the glomeruli
of the OBs (Martin-Lopez et al., 2012). This first step is
essential for olfaction. The OSNs have a lifelong regenerative
capacity necessary for adequate olfaction (Lazarini and Lledo,
2011). Reduced tissue maintenance by poor basal stem cell
proliferation within the epithelium can generate hyposmia (a
significant reduction in olfactory abilities), anosmia (complete
loss of olfaction), or olfactory threshold deficiencies due to the
lack of neural signals in the OB (Goncalves and Goldstein, 2016;
McGann, 2017).

There is a growing interest in olfactory disorders owing
to their role as leading indicators in numerous pathologies.
Olfactory disorders are associated with many causes like nasal

inflammation, upper olfactory tract abnormalities, neurological
pathologies, and aging (Huttenbrink et al., 2013; Schriever et al.,
2014; Kar et al., 2015). Moreover, olfaction strongly influences
human behavior: a wide range of environmental odors primes
our safety (e.g., avoiding fire, gas leakage, or rotten food) but
also influences eating behavior (e.g., associating memories and
emotions with food) and social interactions (McGann, 2017).
Initially, olfactory impairments remain unnoticed, forcing the
individuals into situations where they must deal with daily
issues like feeding, safety, and social situations, which, in many
cases, lead to anxiety and depression (Sivam et al., 2016; Kondo
et al., 2020). Olfactory deficits promote food aversion and,
consequently, malnutrition (Frasnelli et al., 2002).

Olfactory Function and Inflammation
Inflammatory conditions of the nasal cavity reduce the
proliferation of the basal stem cells, while the newly differentiated
OSNs do not survive easily (Chen et al., 2019). Inflammation
induces OB atrophy by interfering with the input from the OSN
axons, reducing the apical dendrites of mitral and tufted cells, and
shrinking the glomerular layer thickness (Chen et al., 2019). Also,
OB inflammation is accompanied by glial activation and high
expression of the cytokines interleukin 1B and tumor necrosis
factor α (Hasegawa-Ishii et al., 2020). The basal stem cells directly
regulate the inflammatory progression in the olfactory mucosa.
In chronic inflammation, the basal cells release cytokines and
chemokines to shut down the stem cell proliferation, generating
olfactory dysfunctions (Chen et al., 2019).

Damage to the nasal epithelium is reversible when the
inflammation is reduced or controlled (Hasegawa-Ishii et al.,
2020). This recovery probably explains the discrepancies
observed in odor threshold deficiencies, which improve after
dialysis treatment (Landis et al., 2011). The complete recovery of
odor discrimination and identification after renal transplantation
is due to the decreased generalized inflammation that allows
for sufficient neuronal information processing (Vreman et al.,
1980; Griep et al., 1997; Frasnelli et al., 2002; Landis et al., 2011;
Koseoglu et al., 2017; Iacono et al., 2021; Yusuf et al., 2021a).
Interestingly, odor stimulation contributes to the recovery of OB
atrophy (Hasegawa-Ishii et al., 2020). Olfactory training could
serve as a novel strategy and additional treatment in CKD since
it has been demonstrated to ameliorate olfactory deficits in aging
and various pathologies (Livermore and Hummel, 2004; Hummel
et al., 2009; Haehner et al., 2013; Schriever et al., 2014).

Olfactory Impairments in Chronic Kidney
Disease
CKD and particularly ESKD patients present significantly
decreased olfactory function (Figure 1; Frasnelli et al., 2002;
Landis et al., 2011; Attems et al., 2015; Kondo et al., 2020;
Robles-Osorio et al., 2020; Iacono et al., 2021; Yusuf et al.,
2021a,b). Additionally, CKD patients follow a controlled diet
with reduced calorie uptake, and ∼70% of them suffer from loss
of taste (Frasnelli et al., 2002), which can lead to insufficient
or unbalanced feeding behaviors. Malnutrition, one of the
major causes of morbidity and mortality in CKD (Figure 1;
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Anderson et al., 2016), begins when renal functions decline,
promoting a gradually reduced protein and total calorie intake,
leading to cachexia, and increasing the risk of death (Nigwekar
et al., 2017; Yusuf et al., 2021b). Although the straightforward
link between impaired olfactory function and the nutritional
state is still debatable, poor odor perception is associated with
elevated serum urea and a high protein catabolic rate (Griep et al.,
1997). The pathological changes underlying the malnutrition-
inflammatory state may also contribute to impaired olfactory
function in ESKD patients (Frasnelli et al., 2002; Raff et al., 2008;
Koseoglu et al., 2017; Robles-Osorio et al., 2020; Iacono et al.,
2021; Yusuf et al., 2021a).

Up to date, several studies have highlighted the importance
of understanding the link between CKD and olfactory sense
loss due to its relevance in nutrition and quality of life of the
patients (Robles-Osorio et al., 2020; Yusuf et al., 2021a). In
recent studies with CKD and ESKD patients, ∼70% presented
olfactory dysfunctions, with 72% (Yusuf et al., 2021a) to 83%
(Koseoglu et al., 2017) of CKD patients presenting some degree
of hyposmia and, in extreme cases, 5% presenting anosmia
(Yusuf et al., 2021a).

Renal failure pathologies affect the function of the CNS.
In CKD, there is a generalized disequilibrium of biochemical
parameters that provokes systemic inflammation (Adesso et al.,
2017; Cobo et al., 2018). Odor discrimination and identification
are compromised in CKD due to deficient neuronal functioning
(Frasnelli et al., 2002). The lack of efficient glomerulus filtration
generates endogenous intoxication that damages axons and
dendrites, consequently leading to neurodegeneration (Bobot
et al., 2020). Furthermore, the impaired blood-brain barrier
by the neuropathic uremia promotes changes in the hydration
levels within the brain and the cerebral blood flow, altering the
synthesis of neurotransmitters (Wiggins et al., 1984; Griep et al.,
1997; Burn and Bates, 1998; Frasnelli et al., 2002; Raff et al., 2008;
Goncalves and Goldstein, 2016; Nigwekar et al., 2017; Robles-
Osorio et al., 2020). It has been consistently shown that CKD
and -even more prominently- ESKD patients present deficits in
odor discrimination and identification but the odor threshold
impairments are less evident or inconsistent across different
studies (Schiffman et al., 1978; Griep et al., 1997; Frasnelli et al.,
2002; Raff et al., 2008; Landis et al., 2011; Nigwekar et al., 2017;
Robles-Osorio et al., 2020; Iacono et al., 2021; Yusuf et al., 2021a).

DISCUSSION

CKD is characterized by a persistent deficiency in GFR that
leads to increased levels of uremic toxins, such as indoxyl sulfate
and p-Cresol. The accumulation of uremic toxins promotes the
activation of the immune system through the release of cytokines
and the lack of clearance of PRL due to inadequate glomerular
filtration. CKD patients develop deficiencies in odor detection
because of alterations in the olfactory epithelium that modify
the odor threshold and are regulated by inflammation. Odor
identification and discrimination impairments frequently occur
in CKD due to chronic intoxication and inflammation. These
olfactory impairments are reversible after renal transplantation.

The olfactory alterations promoted by CKD can cause
malnutrition, exacerbating the patients’ condition. Evidence
on the regulatory role of PRL in olfactory processing suggests
an interaction between CKD-induced high PRL levels and the
olfactory deficiencies (Figure 1).

In CKD, the deficient elimination of uremic toxins increases
the levels of inflammatory cytokines, causing oxidative stress
and consequently cellular damage to a variety of systems.
CKD is associated with various hormonal alterations.
Hyperprolactinemia is a frequent endocrine abnormality in
this population as it has been reported in more than 30%
of CKD patients (Lo et al., 2017; Serret-Montaya et al.,
2020; Franco-Acevedo et al., 2021). PRL levels are directly
associated with endothelial dysfunction and increased risk of
cardiovascular events and mortality in CKD (Carrero et al.,
2012). Although the mechanisms of hyperprolactinemia in
CKD are yet to be unraveled, it could be a result of PRL
accumulation due to deficient renal clearance. Among the
causes of hyperprolactinemia in CKD, the following stand out:
(a) the established negative feedback loop in TIDA neurons
is “highjacked,” promoting PRL production, (b) estrogens
increase the inflammatory response, reducing dopamine
production, therefore, enhancing PRL secretion, and (c)
renal dysfunction directly alters the PRL metabolic clearance
(Sievertsen et al., 1980).

The inflammation-oxidative stress “duo” causes cognitive
impairments in CKD patients (Tsuruya and Yoshida, 2018), as
the chronic and systemic inflammatory state deteriorates the odor
detection at the level of the olfactory epithelium, leading to odor
threshold deficiencies which can be reverted after controlling
the inflammation (Hasegawa-Ishii et al., 2020). CKD-induced
neuropathy compromises odor discrimination and identification,
affecting the quality of life and leading to malnutrition and
metabolic problems (Frasnelli et al., 2002). In some cases, these
alterations are improved after dialysis treatment, while renal
transplantation leads to recovery of the olfaction (Robles-Osorio
et al., 2020; Yusuf et al., 2021a).

Understanding the link between CKD and the loss of the sense
of smell is relevant to the nutritional status and the quality of life
of patients. Research in animal models and humans should be
directed toward the understanding of the relationship between
CKD-induced hyperprolactinemia and the loss or alteration
of olfaction. New insights into the timing and progression of
the disease and the role of inflammation on neuroendocrine
systems, such as PRL, could expand our knowledge and open
an avenue toward the improvement of the quality of life in
CKD patients. Additionally, the development of a prevention
strategy with screening olfactory tests in the early stages of CKD
can complement the therapeutical approaches together with the
introduction of physical activity and dietary programs.
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