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Abstract
Background: Cognitive impairment is a common
characteristic in Chronic Kidney Disease (CKD) patients. It
has been suggested that inflammation may be implicated in
cognitive impairment found in CKD patients. Hence, the aim
of this systematic review was to provide an update on
recent advances in our understanding of how inflammation
contributes to cognitive impairment in uremic patients.

Methods: A systematic review was conducted searching
Pubmed and Scopus by using the Cochrane and PRISMA
guidelines from March 2016 through August 2016. PubMed,
Science Direct, Scopus, and Google Scholar were used to
search for studies that investigated the impact of
inflammation in cognitive impairment in CKD patients.

Results: The literature search identified only two studies
that examined inflammatory biomarkers and cognitive
impairment, and correlated them, indicating that
inflammation is implicated in cognitive impairment in CKD
patients. It has been suggested that cognitive impairment is
related to the level of renal functional impairment and
especially in the end stage renal disease, where the immune
system is strongly activated, cognitive impairment is more
profound. Cytokines, a major contributor to molecular
mechanisms, maintain memory and cognitive processes and
may impair hippocampal plasticity. Cytokine production
may have a different negative effect and may affect the
early stages of cell production and proliferation in the
dentate gyrus.

Conclusion: Inflammation may be implicated in cognitive
impairment found in CKD patients. However, further
research should be done in this field in order to investigate
the mechanisms that are implicated in cognitive impairment
in CKD patients.
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kidney disease; Hemodialysis

Introduction
Chronic Kidney Disease (CKD) is a major public health problem

with a continuously increasing prevalence [1]. It has been
estimated that between 1990 and 2010 the mortality rate of
CKD has increased significantly and CKD, which occupied the
27th position of causes of death, has now reached the 18th
position [2]. As glomerular filtration rate (GFR) decreases,
patients are progressively lead to end-stage renal disease
(ESRD), where clinical abnormalities are more profound. At
ESRD, the kidney function is significantly reduced to a level less
than 10% and a renal replacement therapy of hemodialysis (HD)
is necessary. Although during the last decades the technology
and the effectiveness of HD therapy have improved, HD therapy
still induces numerous implications, which are responsible, to
some extent, for the significant clinical problems that CKD
patients experience. Furthermore, according to the ERA-EDTA
annual report of 2013, it was estimated that the 5-year adjusted
survival of all patients who received the HD therapy was 60.9%
[3].

Patients with CKD, and especially those in ESRD, apart from
the hazardous metabolic and physiological abnormalities that
they experience, they also suffer from mental health deficits.
Specifically, it has been demonstrated that compared to healthy
subjects the risk for cognitive impairment development is higher
in CKD patients at all stages [4]. However, cognitive impairment
is more profound in ESRD patients who receive the treatment of
HD [5]. More precisely, it has been estimated that only a minor
percentage of HD patients’ present normal cognitive function
[6,7] and a percentage between 30%-60% who receive the HD
therapy, suffer from cognitive impairment [4,8].

Cerebral ischemia caused by cardiovascular and
hemodynamic abnormalities has been proposed to be a major
contributor to impaired cognitive activity in HD patients [9,10].
Moreover, anaemia has been related to poor cognitive
performance [11] and the fact that cognitive function has been
improved after the correction of anaemia in HD patients,
enhances this hypothesis [12]. Secondary hyperparathyroidism
[13,14], dialysis disequilibrium [15] and uremic toxins [16] are
also believed to contribute to cognitive impairment that
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characterizes CKD patients. Specifically, in a systematic review
article by Watanabe et al. [16], where the relationship between
uremic toxins and cerebro-renal interaction dysfunction was
reviewed, the authors searched the literature for 21 uremic
toxins. They concluded that among these compounds uric acid,
indoxyl sulfate, p-cresyl sulphate, interleukin 1-β, interleukin 6,
TNF-α and parathyroid hormone affected the cerebro-renal
interaction dysfunction [16]. Especially, elevated levels of indoxyl
sulfate have been related to reduced executive function in early
stages of CKD, and possibly the early removal of indoxyl sulfate
may contribute to cognitive impairment prevention [17].

Inflammation is also believed to affect cognitive function.
Specifically, inflammation has been suggested to be an
aetiological factor of mild cognitive impairment [18]. More
precisely, a relation between the levels of C-reactive protein
(CRP) and interleukin-6 (IL-6) with reduced cognitive
performance in healthy subjects and in older adults, has been
suggested [19]. In addition, in HD patients it has also been found
that abnormal production of cytokines is associated with
cognitive impairment [20]. Severe or prolonged systemic
inflammation can induce harmful changes in cognitive function
such as synaptic loss, dendritic alterations, neuronal apoptosis,
suppression of BDNF, impaired neurogenesis, memory
dysfunction, and altered hypothalamic function by activating
microglia [21]. Thus, the aim of this systematic review is to
provide an update on recent advances in our understanding of
how inflammation contributes to cognitive impairment in CKD
patients.

Methods
A systematic review was conducted searching Pubmed and

Scopus by using the Cochrane and PRISMA guidelines from
March 2016 through August 2016. PubMed, Science Direct,
Scopus, and Google Scholar were used to search for studies that
investigated the impact of inflammation in cognitive impairment
in CKD patients. Eligibility of the studies based on titles,
abstracts and full-text articles was determined. Studies were
selected using inclusion and exclusion criteria. In the current
review, only studies that met the following criteria were
included: studied CKD patients and patients on HD treatment,
assessed cognitive function in CKD patients; addressed
randomized control trials or controlled trials or clinical trials or
pilot studies designed to evaluate the impact of inflammation in
cognitive impairment in CKD patients, lack of drug or diet
interventions in the brain or lack of uremic animal models.
Studies were excluded when they referred to patients on
peritoneal dialysis and concerned low quality studies, namely
studies with methodological flaws or lack of reporting.

Results
Although cognitive impairment is a common abnormality for

CKD patients, and it has been suggested that inflammation is
implicated in cognitive dysfunction, the literature search
revealed only two studies that examined the impact of
inflammation in cognitive impairment in CKD patients. More
precisely, the literature search identified a total of 28 articles. Of

these articles, only two studies met the inclusion criteria that
were set in this review. Articles were excluded for the following
reasons: they did not examine the impact of inflammation in
cognitive impairment in CKD patients, or they were review
articles. Consequently, from the two studies that were identified
by the literature search, only one study examined cytokine
production and correlated it with psychological alterations and
quality of life in CKD patients, and another study where CRP
levels and cognitive impairment was associated in CKD patients
during the hemodialysis session.

Discussion

Inflammation and cognitive impairment
Inflammation is the acute response of the body that protects

the organism against invading microorganisms, limits tissue
damage, and maintains homeostasis. The fact that the incidence
for Alzheimer’s disease was limited in patients with rheumatoid
arthritis, who received anti-inflammatory medication, generated
the conclusion that inflammation is an etiological factor for
cognitive impairment [22,23]. Specifically, McGeer et al. [23]
conducted a systematic review where seventeen
epidemiological studies were reviewed. In this review the
hypotheses that brain inflammation is considered as the main
cause for neuronal injury in Alzheimer’s disease and that anti-
inflammatory medication could have protective properties, were
examined [23]. The authors concluded that anti-inflammatory
drugs had a protective effect against Alzheimer’s disease and
accordingly that inflammation is a major factor for cognitive
decline [23]. Generally, some cytokines have been related with
cognitive impairment and dementia [24] and more precisely
interleukin 1beta (IL-1-β), interleukin 6 (IL-6) and tumor necrosis
factor (TNF) have been associated with Alzheimer’s disease
[24,25].

In the next decades many studies examined and proved the
relation between inflammation and cognitive impairment.
Specifically, it has been found that increased levels of IL-6 and
CRP were negatively associated with global cognition and
executive function in aged subjects [26,27]. Moreover, elevated
levels of IL-6 were related to reduced cognitive performance in a
multiethnic stroke free cohort of 3,298 people [28]. Specifically,
the Northern Manhattan study examined the relation between
plasma IL-6 levels and cognitive deficit, where vascular risk
factors, apolipoprotein ε4 (APOE4) allele and inflammation were
taken into consideration [28]. The results of this study revealed
that cognitive deficit was more profound in the participants with
IL-6 values above the median compared to those with IL-6 levels
below the median [28]. Moreover, a relation among age,
cognitive deficit and IL-6 levels was also observed as the effect
of IL-6 on cognitive dysfunction was significant only in the
participants with age >71 years [28]. Furthermore, it was found
that vascular risk factors did not influence the relation between
IL-6 and cognitive decline, while after adjusting for APOE4 allele
this relation was not significant, indicating a strong intercession
[28].

In addition, in a study by Yaffe et al. [29], where the
relationship between metabolic syndrome and cognitive decline
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was examined, it was found that metabolic syndrome is a risk
factor for cognitive impairment, due to elevated inflammation.
Indeed, the results of this study revealed that older subjects
with metabolic syndrome, who were characterized by increased
levels of IL-6 and CRP, showed significantly reduced scores on
the modified Mini Mental State Examination, indicating a
relation between inflammation and global cognitive decline [29].
However, in the Northern Manhattan study it was found that
high sensitivity CRP did not influence the cognitive decline.
Furthermore, in a study by Trollor et al. [30], where the
inflammatory markers of CRP, interleukin -1β, -6, -8, -10 and -12
were examined, a relation between mild cognitive impairment
and inflammatory markers was revealed. According to all these
studies, more frequently CRP and IL-6 have been found to
correlate with impaired cognitive function.

IL-6 is related with the risk of atherosclerosis [31,32] and
cardiovascular disease [33,34] development. IL-6 and its
receptors (IL-6R) are located in neurons in different brain regions
such as hippocampus, hypothalamus, neocortex and cerebellum
[35] and released by astrocytes [36], microglia [37] and neurons
[38]. In healthy subjects IL-6 is implicated in many physiological
functions within the Central Nervous System (CNS). It has been
found that IL-6 regulates neurogenesis, and IL-6 over-express
contributed to a severe reduction in neurogenesis in the
hippocampal dentate gyrus in adult transgenic mice [39]. These
results are in accordance with those of other studies, which
observed impaired learning and memory due to increased IL-6
levels [40]. The results of these studies indicate that elevated
levels of IL-6, as happens during aging, probably contribute to
cognitive impairment by reducing neurogenesis. Generally,
neurogenesis is the physiological function that regulates
memory function and contributes to memory consolidation [41]
and to hippocampal-dependent learning ability [42]. However,
Hryniewicz et al. [43], investigated whether there is an
involvement of endogenous IL-6 in recognition memory in mice,
who lack a functional gene for this cytokine. These authors [43]
found that IL-6 deficiency induces a distracting effect in the
recognition memory of this kind of mice. A systematic review by
Tso et al. [44], where studies that examined the relation
between IL-6 and the IL-6 -174G/C polymorphism, supported
that IL-6 elevated levels are associated with a higher risk of
stroke. However, there are conflicting results in the literature
and it remains unclear whether an association between the IL-6
-174G/C polymorphism and the ischemic cerebrovascular events
exists, due to the complexity of the IL-6 physiology [44]. The
results of all these studies prove that IL-6 plays an important
role in cognitive function.

Except neurogenesis, IL-6 has been proved to influence
synaptic plasticity [45]. Generally, cytokines are a major

contributor to molecular mechanisms, which maintain memory
and cognitive processes [46,47], and may impair hippocampal
plasticity. It has been suggested that cytokine production has a
different negative effect and may affect the early stages of cell
production and proliferation in the dentate gyrus [48].

Specifically, pro-inflammatory mediators disturb hippocampal
neuronal functions, and accordingly affect long-term
potentiation and working memory consolidation [49,50].
Moreover, in an animal study by Seguin et al. [48], where the
impact of systemic and intra-hippocampal infusion of the IL-1β,
IL-6 and TNF-α over the generation of new dentate gyrus cells in
male mice was examined, the authors concluded that systemic
TNF-α decreased 5-bromo-2-deoxyuridine (BrdU) in the
hippocampus. These results indicate that the inflammatory
marker of TNF-α, had a negative effect in cellular proliferation
by acting upon peripheral targets suggesting that acute systemic
cytokine exposure alters hippocampal cell proliferation and
neurogenesis [48]. Furthermore, a single and repeated central
cytokine infusion differentially influences hippocampal cell
proliferation [48].

The Janus kinase/signal transducers and activators of
transcription (JAK/STAT) pathway are commonly activated by
cytokines. Both JAKs and STATs regulate neuronal proliferation,
survival and differentiation [51]. When the cytokine release and
the binding of a cytokine to its cell-surface receptor occurs, this
function has as a consequence in the dimerization of the
receptor and it accordingly activates JAK tyrosine kinases, which
are related to the receptor. Then the activated JAKs
phosphorylates the tyrosine residues, which are on the receptor
and serve as docking sites for STATs. Accordingly, JAKs
phosphorylate STATs, which are then being dimerized, leave the
receptor and translocate to the nucleus and activate gene
transcription [52,53].

JAKs activate the STATs and JAK1 is the major activator of
STAT3, which activates nuclear STAT3, and has been detected in
many abnormalities. Moreover, from the cytokines family, IL-6
and IL-10 activate STAT3, which is a member of the STAT family
and contributes to cell growth, differentiation and survival
signals [54]. It has been found that after the completion of 4
hours of cells exposure in IL-6, STAT3 is rephosphorylated and
remains active for many hours [55]. The main consequence of
the prolonged activation of STAT3, is that this abnormality leads
to chronic inflammatory diseases [55]. There is evidence that
STAT3 regulates the physiological status of mature neurons and
mediates cell growth, differentiation and survival signals [56]. In
light of all these data, inflammation is implicated in cognitive
impairment and can be considered a major contributor to
cognitive decline development (Figure 1).
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Figure 1: Chronic inflammation conditions such as CKD, increase cytokine production and accordingly aggravation of inflammation
status in the Central Nervous System occurs. Subsequently, alterations in cell production and proliferation, plasticity and
neurogenesis in the hippocampus are happening and all the aforementioned factors contribute to cognitive impairment.

Impact of inflammation in cognitive impairment in
CKD patients

The literature search identified only one study by Montinaro
et al. [20] that examined inflammatory biomarkers and cognitive
impairment and correlated them. Montinaro et al. [20], who
investigated the psychological alterations in HD patients and
correlated them with cytokine production, observed that an
association between abnormal cytokine production and the
presence of emotional symptoms existed. In this study the
intervention group consisted of 30 HD patients with a minimum
dialysis age of three months while 20 patients with CKD stage I-II
were used as controls. Cognitive impairment was assessed with
the modified version of the Kidney Disease Quality of Life
(KDQOL) questionnaire, which included a cognitive function
subscale. At the beginning of the HD therapy, blood samples
were collected and the inflammatory biomarkers of IL-1β, IL-6,
TNF-α and IL-10 were examined. The results of this study

revealed that the HD patients had increased levels of all the
inflammatory biomarkers compared to controls. Specifically, HD
patients showed increased levels of IL-1β by 48.5%, IL-6 by
51.4%, TNF-α by 100.1% and IL-10 by 153.85% compared to
controls. Moreover, an inverse correlation between the score at
the cognitive function subscale of the KDQOL questionnaires
and IL-6, TNF-α and IL-10 was revealed, indicating that
inflammation is a major contributor to cognitive impairment
that characterizes ESRD patients [20]. These findings are in line
with a study by van den Kommer [57], suggesting that
inflammation in combination with other risk factors are
implicated in cognitive dysfunction.

Patients with CKD are characterized by elevated levels of IL-6
and IL-10, even in the early stages of the disease. Increased
levels of IL-6 in patients with CKD have been found to be related
with malnutrition [58], atherosclerosis and cardiovascular risk
and all cause mortality [59, 60]. IL-10 also is related with
cardiovascular risk in ESRD [61], low levels of quality of life and
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nutritional status [62]. Moreover, as it has been described,
cytokines and especially IL-6 release activate the JAK/STAT
pathway which is involved in several experimental models and
human renal diseases such as renal fibrosis. Both JAKs and STATs
play an important role in the brain functions and especially
STAT3 is implicated in brain pathologies such as brain tumors
[63] and regulate and control the neuronal proliferation, survival
and differentiation. Accordingly, in CKD patients the activation of
the JAK/STAT pathway and especially the STAT3 stimulation due
to IL-6 release, might be implicated in brain pathophysiology and
accordingly in cognitive impairment that characterizes these
patients.

In the study by Kaltsatou et al. [64], where the relation
between inflammation and cognitive function was examined
during a HD session, it was found that inflammation might
contribute to cognitive impairment observed after the HD
session. The fact that the inflammation status, which was
measured by the index of CRP, worsened after the HD session,
and a correlation between cognitive function and this index was
observed, indicates that inflammation might influence cognitive
function [64]. In this study CRP levels increased by 39.6% after
the HD session [64]. CKD is considered an inflammatory process
itself. Moreover, CKD abnormalities such as malnutrition, chronic
volume overload and Autonomic Nervous System (ANS)
dysfunction, contribute to increased inflammation. In addition, it
has been suggested that cognitive impairment is related to the
level of renal functional impairment and especially in ESRD,
where the immune system is strongly activated, cognitive
impairment is more profound. HD therapy has been reported to
increase inflammatory biomarkers [65]. A possible explanation
for this is that during the dialysis therapy, blood comes in
contact with a membrane that allows bacterial products of low
molecular weight, a passage into the patient’s organism.
Moreover, endotoxin in dialysis fluid contributes to reactive
oxygen species production by triggering the leukocytes [66].
Conversely, oxidative stress status, which is increased in HD
patients [65], could promote the pro-inflammatory cytokine
production by activating the nuclear factor NF-κB pathway [67].
In addition, loss of some antioxidants, such as carnitine, during
the HD therapy may contribute to chronic inflammation that
characterizes HD patients.

High levels of urea clearance during HD have been related to
better cognitive function [7]. In addition, a study by Schneider et
al. [68], who examined cognitive cognition 19 hours after the
end of the HD therapy, found significant improvements in
patient memory function. Specifically, after HD, patients had
improvements in logical and visual long-term memories,
processing speed and visual scanning, cognitive shifting and
activity planning [68]. However, cognitive performance even
after the HD therapy was impaired compared to the control
group [68]. The results of this study indicated that cognitive
impairment is reversible by HD and increasing the HD frequency
could induce beneficial effects on patients’ cognitive function
[68]. In the literature, there is an agreement that HD therapy
improves cognitive function in CKD patients [69,70].

Although, it is well known that cognitive function is believed
to be best 24 hours after the HD session, the variation of

cognitive function during the HD circle has not been investigated
yet. A study by Murray et al. [71], who evaluated cognitive
performance one hour before the session, one hour into the
session, and one hour after and the next day of the HD therapy,
found that cognitive performance varies during the HD session.
Specifically, the results of this study observed that cognitive
performance was worse during the HD and better before the
session and the day after, namely 24 hours after the HD
treatment [71].

Importantly, there is evidence that there is an association
between the ANS outflow and various inflammatory indices in
patients with septic conditions or cardiac diseases [72,73].
Besides inflammation, there is evidence that ANS dysfunction is
associated with mild cognitive function [74]. In patients with
Alzheimer’s disease (AD) and Myasthenia Gravis the strong
relationship between acetylcholine mediated neurotransmission
and cognitive function has led to the development of the
cholinergic hypothesis [75,76]. According to this, the
degeneration of cholinergic neurons in the basal forebrain and
the associated loss of cholinergic neurotransmission in the
cerebral cortex and in other areas, contributed significantly to
the deterioration in cognitive function, as observed in patients
with AD [77,78] and Myasthenia Gravis [79]. ANS dysfunction, a
common implication in CKD patients, is related to inflammation
and cognitive impairment. In patients with CKD, clinical data
show that altered cardiac autonomic tone remains one of the
main reasons of the increased morbidity and mortality rates.
Heart rate variability indices, which are accepted tools for the
assessment of ANS activity, were decreased as a result of a
sympathetic overestimation in HD patients [80].

Conclusions
To conclude, cognitive impairment is a common abnormality

that characterizes CKD patients and is more profound in ESRD
patients who receive the HD therapy. As long as the impact of
inflammation on cognitive impairment in CKD patients, remains
unknown, progress on this topic is slowed down. However,
according to the results of these two studies that were found
after the literature search in this systematic review, it can be
concluded that inflammation might be implicated in cognitive
impairment in CKD patients. However, further research should
be done in this field in order to investigate the mechanisms that
are implicated in cognitive impairment in CKD patients, and thus
suggest new prevention strategies.
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