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Abstract: Patients under dialysis are known to be more vulnerable to frailty, a dynamic geriatric
syndrome defined as a state of vulnerability to stressors, due to numerous metabolic changes. With
rise of life expectancy globally, it is important to understand the complexity of the pathophysiology of
frailty and identify possible markers that can help with the prognosis and diagnosis of frailty. The aim
of this systematic review is to give an overview of the knowledge regarding clinical and biochemical
markers associated with pre-frailty and frailty in dialysis and pre-dialysis patients. In November
2020, PubMed, Embase and Web of Science were searched. Studies regarding biomarkers associated
with (pre-)frailty in (pre-)dialysis patients were included. This systematic review identified clinical
and biochemical markers in pre-frail and frail patients under dialysis or pre-dialysis published
in the literature. This study shows that more investigation is necessary to identify markers that
can differentiate these processes to be used as a diagnostic and prognostic tool in routine care and
management of geriatric needs. Interventions that can improve health outcomes in pre-frail and frail
older adults under dialysis or pre-dialysis are essential to improve not only the individual’s quality
of life but also to reduce the burden to the health systems.

Keywords: frailty; end-stage kidney disease; markers

1. Introduction

Frailty is a common clinical complication and a state of physical and biological vul-
nerability mostly diagnosed in the older population. This syndrome is of dynamic nature
and is characterized by a progressive decline from robustness to pre-frailty and frailty [1].
The prevalence of frailty and pre-frailty tends to increase with age, and it affects more
women compared to men. Frailty predicts more vulnerability to adverse outcomes such as
falls, fractures, hospitalization, decreased health-related quality of life and significantly
contributes to polypharmacy, increased multimorbidity and mortality [2,3]. In a study
involving a vast number of participants with a final sample of 60,816 European community-
dwelling individuals from 18 different countries aged 50 years old or over, with the mean
age of 67.45 £ 9.71 years, the overall prevalence of pre-frailty was reported as 42.9% and
frailty as 7.7%. Significant differences were identified between different countries regarding
frailty status [4].

Although the pathophysiology of frailty is not yet clear, it has rather a complex multi-
factorial etiology characterized by dysregulation of different systems including reduced
homeostasis and physiologic reserve, as well as increased vulnerability to poorer health out-
comes and mortality. Chronic inflammation, marked by raised serum interleukin 6 (IL-6),
C-reactive protein (CRP) and tumor necrosis factor alpha (TNF-«), anemia and lower
hematocrit levels, immune activation, as well as obesity and other comorbidities have also
been defined as etiologies of frailty [5,6].
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Frailty is highly associated with aging, however its high prevalence is also seen in
patients with all stages of kidney disease, regardless of their age. It is known that patients
suffering from chronic kidney disease (CKD) have an increased predisposition to frailty [7].
Frailty is common in patients with end-stage renal disease (ESRD) and has been reported
as affecting two-thirds of these patients [8]. Studies have been carried out to determine
the prevalence of frailty amongst dialysis and pre-dialysis patients presenting CKD. In
a cohort of 2275 adults undergoing dialysis, the prevalence of frailty was reported as an
overall value of 67.7%, going from 44.4% in patients < 40 years old to 78.8% in patients aged
80 or older [9]. In 2012, a cohort studied 336 patients with non-dialysis-dependent CKD
and reported prevalence as 14% [10]. A systematic review carried out in 2017 reported the
prevalence of frailty from 7% in CKD community-dwellers to 73% in a cohort of patients
undergoing hemodialysis. Frailty is an independent risk factor for a series of adverse
events in all stages of CKD [11]. In an observational prospective longitudinal study carried
out in 2019, a total of 277 patients in dialysis were studied for the presence of frailty. The
results were reported as an initial prevalence of 29.6% of frail patients, which increased to
58.5% after a 29-month follow-up. In the same study, a higher risk of mortality was also
identified in the frail group compared to the non-frail [12]. Frailty prevalence has also been
reported as significantly higher (30-42%) among patients on hemodialysis when compared
to the community-dwelling older population. In many other studies, frailty was related to
an increased risk of hospitalization and mortality [13].

The literature supports that patients with CKD are, in general, more susceptible to
suffering from frailty regardless of age and that the incidence increases with declining
kidney function. CKD was classified as a state of accelerated metabolic aging where
physiological and biochemical changes can be seen, such as anemia, sarcopenia, reduction
of food intake, insulin resistance, persistent inflammation, oxidative stress and osteopenia.
Although these changes can be associated with natural aging, it happens more rapidly
in patients presenting CKD, leading to premature aging and an earlier manifestation of
frailty [14]. Metabolic acidosis, impaired vitamin D metabolism, vascular dysfunction and
hyperphosphatemia are other pathophysiological processes present in CKD that can lead to
frailty. All these changes associated with the fact that CKD patients have a high prevalence
of other comorbidities might be one of the reasons for the high prevalence of frailty in this
group [15].

Due to the close association between aging and frailty syndrome, it is important to
identify a comprehensive diagnostic tool that can give the information needed to dis-
tinguish frail and pre-frail individuals from non-frail. This systematic review aim is to
consolidate the information available regarding biomarkers in frail and pre-frail CKD
patients undergoing dialysis or in pre-dialysis to identify the biomarkers that can be used
as tools to improve efficacy in geriatric medicine practice. The review aims to provide a
high level of evidence and to support research groups, policymakers, funding bodies and
even reviewers interested in this field by providing these professionals with rapid access to
the latest information in patient healthcare management to support their practice and the
design of future trials and research programs.

2. Materials and Methods

This systematic review was performed following the Cochrane Handbook for Sys-
tematic Reviews of Interventions [16]. To ensure that this systematic review addresses a
relevant question in a way that benefits the scientific and healthcare community, input was
obtained from three people with different and significant backgrounds for the creation of
this systematic review, from the identification of the review question until the selection of
the final articles. The protocol for this systematic review is registered on PROSPERO under
the registration number CRD42020215525.
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2.1. Review Question

Although there are a few systematic reviews published covering biomarkers in frail
patients, it is exceedingly rare to find these studies in ESRD patients. A lack of systematic
reviews covering biomarkers in frail and pre-frail patients undergoing dialysis and in
pre-dialysis was identified. Therefore, this review aimed to significantly contribute to cover
the identified knowledge gap by creating a narrow review question.

The question for this review was created using PICO strategy, following Cochrane
guidelines. Therefore, the aim was to gather data from primary articles published referring
to biomarkers in pre-frail and frail patients undergoing dialysis and in pre-dialysis.

2.2. Inclusion and Exclusion Criteria

The inclusion criteria included primary studies covering clinical and biochemical
markers identified in pre-frail and frail patients undergoing dialysis and pre-dialysis.

Articles fulfilling one or more of the exclusion criteria below were excluded during
the data selection process for this systematic review:

1.  topics unrelated to frailty, dialysis and markers;

2. not data-driven: editorials, letters to editors, opinions, discussion pieces, theoretical
papers, reviews, hypothesis;

no full text: conference abstracts;

not published in English;

subjects of the study were not humans;

subjects of the study were not on dialysis, not assessed for frailty and no markers
were studied.

SANN LNl

2.3. Data Collection

In November 2020, two reviewers, A.P. and L.M., independently searched and ex-
tracted data from PubMed, Embase and Web of Science databases. The final search query
was then constructed as: ‘frail* OR geriatric assessment” AND ‘dialys* OR hemodialys* OR
haemodialys* OR ‘end stage kidney disease” OR ‘chronic kidney disease” AND “marker*
OR biomarker*'. Language restrictions were applied to include only studies published in
English. No limitations were used on the publication years in the search process.

A total number of 499 articles were found on the three separate databases, which were
exported to an Excel spreadsheet and duplicates were removed using Excel tools, leaving a
total of 366 articles. The same reviewers independently reviewed the titles and abstracts
of all 366 articles and selected the articles with potential interest following the inclusion
and exclusion criteria established. Twenty-four articles were selected, and the full text was
reviewed for final eligibility evaluating against inclusion and exclusion criteria, selecting
a final of five primary studies to be considered for this review (Figure 1). The quality of
the final selected articles (1 = 5) was assessed using a study quality assessment tool for
observational cohort and cross-sectional studies from the National Heart, Lung and Blood
Institute (NIH).

2.4. Interrater Reliability

The data selection process was conducted by two different reviewers, and a third
reviewer (M.A.) was used to solve discrepancies. The level of agreement (interrater reliabil-
ity) among the individuals was measured using SPSS software v.26 (IBM Corp. Armonk,
NY, USA). Reliability of data collection is of extreme importance, especially for healthcare
and clinical research studies, to ensure a high level of consistency when selecting articles
for a systematic review, as well as selecting samples for a study. To measure the interrater
reliability of the articles selected for this study, Cohen’s kappa (k) statistics were used [18].

The selection of articles for this systematic review was done in two phases—selection
by title/summary and selection by full article and Cohen’s kappa value obtained for both
phases independently.
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Figure 1. Literature search flowchart—PRISMA format [17].

2.5. Ethics

The data used for this systematic review were data already published and publicly
available, therefore no ethical approval was undertaken before data collection. Three
independent people were part of different stages of the review and Cochrane guidelines
were followed to minimize the risk of bias.

There are no conflict of interests to declare.

3. Results

A total number of 499 articles were obtained using the initial search query. After
removing 133 duplicates, titles and abstracts of the remaining articles were screened, for a
total of 24 articles. Full-text reviews of these articles led to a final selection of five articles
(Table 1) meeting the eligibility criteria to be included in the review (Figure 1).
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Table 1. Description of reviewed studies.

First Author, Country, Data Study Sampling Sample Characteristics: ~ Exclusion Based on Biomarkers Measured Measurement .
. ! . N , . : . Comparison Outcome
Publication Year ~ Collection Year(s) Design Method Size, Setting, Age, Sex Health Conditions .. Biochemical of Frailty P
Creatinine
GFR
Glycemia
Severe neuropathy, TSH Frail vs
gou ampution, g ol s
Convenience 61, communit se uelzfe C};lused b Fatmass ® TSAT Higher
Mansur et al. Brazil Cohort sampling, CKD 60, 1115 ear};, old StI%ke DVT y Fat-free mass Hb Johansen et al fat-mass but
(2015) (June 2011- patients stages iolowi ) ly ) h, i P Abdominal o " Non-Frail not fat-free
[1] September 2012) study 35 on biological sex: bot] Parkinson’s, circumference TNF-« criteria mass
1 (59% male) pregnancy, COPD, . IL-6 o
pre-dialysis . Osteopenia 100%
neoplasia, HIV .2 CRP L
. . .. /Osteoporosis incidence of
infection, cognitive Ca .
- - osteoporosis
impairment P
Ca x P product
Vitamin D
iPTH
Frail vs.
Pre-Frail:
. Lower
interdialytic
Hb 2 weight gain
ESRD patients 83, community, average Agute m.ﬂ ammatory RBC - Lower Hb
Poveda et al. Portugal Cross- . or infectious BMI MCHC . Lower
. under dialysis age: 64.3 &+ 14.6 years . . . N a FRAIL Robust and .
(2017) (December 2014  sectional . - - diseases, on dialysis  Interdialytic Fe . transferrin
b three times a old biological sex: both ) ©a . a scale score Pre-Frail
[21] June 2015) study week. for 3-5 h (53.0% male) < 3 months, weight gain Transferrin’ . Lower
’ e < 18 years old Ferritin® ferritin
Alba . Lower Alb
Frail vs
Robust:
. Lower Fe
. Lower Alb
Frail vs
non-frail and
McAdams- Us, ESRD on the KT ~ 605, community, CRP? Non.-frall 1ntermec.h-
DeMareco et al. Cohort e a . . and interme-  ately frail:
(2018) (November 2009 dy waiting list, >18 years old, None IL-6 Fried criteria diately Higher I1-6
_ 0/ : : . . . d a . -
[19] May 2016) 67.7% in dialysis  biological sex: both sTNFR1 frail . Higher
sTNFR1

. Higher CRP
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Table 1. Cont.

First Author, Country, Data Study Sampling Sample Characteristics:  Exclusion Based on Biomarkers Measured Measurement :
.. . . C Outcome
Publication Year ~ Collection Year(s) Design Method Size, Setting, Age, Sex  Health Conditions . . Biochemical of Frailty omparison
Hb Combination Frail vs
Frail and Alb of PRISMA .
Ali et al. (2018) UK (July 2015 Cohort non-frail on 104 2 65 years old, WBC questionnaire . non—fra} k .
R average age 77.1 years None . Non-frail No statistical
[20] —July 2016) study pre-dialysis, o loy © Ca and Time up conifi
GFR < 25 mL (51% male) PTH and Go test ?lgm dlcance
CRP (TUGT) oun
LDH?
ALP?
Na
AST
Cl
K
P Japan Frail
. Patients on HD for ALT apanese au vs.
Nakazato et al Cross- 109, community, average <6 months. patients Plat version of the non-frail:
" Japan (June 2015 ; HD patients for  age 63.4 & 11.3°, P Cardiovascu- . . Lower Alb
(2020) “May 2016) sectional -6 th biological sex: bath who had completed WBC lar Health Non-frail L C
[22] ay study months iological sex: bo <21 of 24 regular LDL ar Health - Lower Cr
(70.6% male) blood examinations P Study criteria . Higher LDH
HDL (J-CHS criteria) . Higher ALP
Ca
TP
BUN
Cr?
Hb
Alb?

2 p < 0.05 is statistically significant. ® Information obtained by contacting author. ¢ Average age obtained by calculation, as it was unable to be obtained from author. Information about population type was also
unable to obtained. 9 Unable to obtain information from author regarding average age. Abbreviations: CKD—chronic kidney disease, DVT—deep vein thrombosis, COPD—chronic obstructive pulmonary
disease, HIV—human immunodeficiency virus, BMI—body mass index, GFR—glomerular filtration rate, TSH—thyroid-stimulating hormone, TSAT—transferrin saturation, Hb—hemoglobin, TNF-a—tumour
necrosis factor alpha, sSTNFR1—soluble tumour necrosis factor repector-1, IL-6—interleukin 6, CRP—C-reactive protein, Ca—calcium, P—phosphorus, iPTH—intact parathyroid hormone, PTH—parathyroid
hormone, ESRD—end-stage renal disease, RBC—red blood cells, MCHC—mean cell haemoglobin concentration, Fe—Iron, Alb—Albumin, WBC—white blood cells, LDH—Ilactate dehydrogenase, ALP—alkaline
phosphatase, Na—sodium, AST—aspartic aminotransferase, Cl—chloride, K—potassium, UA—uric acid, ALT—alanine aminotransferase, Plat—platelets, LDL—LDL cholesterol, HDL—HDL cholesterol,
TP—total protein, BUN—Dblood urea nitrogen, Cr—creatinine, HD—hemodialysis.
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All the studies included in this review were published in 2015 or after (n = 5, 100%)
with data collected from 2009 onwards, and were carried out in five different countries,
representing three continents: America (1 =2, 40%), Europe (1 = 2, 40%) and Asia (n =1,
20%). All the studies included in this review can be broadly classified as observational,
however, cohort studies were performed by most of the groups (n = 3, 60%) and cross-
sectional studies performed by the remaining two groups (40%). The follow-up period in
the cohort study carried by one of the studies [19] was 1.1 years, in one other study [20]
the population was followed up for 20 months, and 12 months was the follow-up time
used by the third group [1]. Most of the studies (1 = 4, 80%) recruited the population by
convenience from the community, although one study [20] did not report the background
of the population; contact with the author to obtain information was attempted but no
answer was obtained.

3.1. Sample Characteristics

Data were collected from 2009 to 2016; all the studies included adults of both sexes,
with a greater percentage of the male population, and a similar age range of > 60 years
old. Most of the studies (1 = 4, 80%) had the data collected during the years 2015-2016.
Samples size ranges varied from 61 to 605 participants. Three studies (60%) included
in this systematic review have samples with more than 100 participants which can be
considered significant, however, the studies are not consistent in sample size and there is a
considerable gap between the 61-person sample [1] and the study with the biggest sample
of 605 people [19]. Some of the studies (1 = 2, 40%) did not report on ethnicity. In three
studies (n = 3, 60%), ethnicity was reported as the percentage of non-Caucasian (n = 1, 20%),
the percentage of African American and Hispanic (n = 1, 20%) and the percentage of
European, Asian and African (n = 1, 20%). The sampling method used was primarily
specific population-based cohorts (1 = 4, 80%) but also convenience sampling (1 = 1, 20%).
A range between 61 to 605 patients, with 60% of the studies (n = 3) having a sample size
>100, was observed. Regarding dialysis, two of the studies focused on the population
undergoing dialysis (40%), two studies (40%) focused on pre-dialysis patients and one
study (20%) included both groups.

3.2. Exclusion Criteria

Exclusion criteria was used in three studies (60%): patients suffering from specific
health conditions were excluded (1 = 2, 40%), as well as when they were not under dialysis
for a specific period of time (1 = 2, 40%). Excluding patients known to have inflammatory or
infectious diseases is essential to avoid the risk of bias. Two studies (40%) did not evaluate
sociodemographic parameters, one study (20%) reported on school education, and smoking
population percentage was reported in two studies (40%). BMI was reported in two of
the studies (40%), while time under dialysis was reported in two studies (40%). Mental
state was evaluated in two studies (40%) by the Mini Mental State Examination Scale [23],
the Lubben Social Network Scale was measured in one study (20%), while dementia was
reported in another different study (20%). Charlson Comorbidity Index was assessed in
three studies (60%), with comorbidities and diabetes diagnosis being reported in most of
the studies (1 = 4, 80%). Mansur et al. excluded patients with cognitive impairment from
their study.

3.3. Biomarkers

In all the studies, biomarkers were measured as continuous variables, however dif-
ferent biomarkers were studied by different groups (Table 1). For easier reading, the
biomarkers were grouped as clinical and biological markers in this review. Two studies
(40%) reported clinical and biological markers, while the remaining three studies (60%)
reported on biological markers only.

Mansur et al. reported a higher level of fat mass and 100% incidence of osteoporosis in
frail individuals in pre-dialysis when compared to non-frail. Poveda et al. compared frail
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to the pre-frail group of patients under dialysis and obtained lower interdialytic weight
gain, hemoglobin, transferrin, ferritin and Alb in the frail group. When comparing to the
robust group, Poveda et al. obtained lower iron and Alb in the frail group. McAdams-
DeMarco et al. studied ESRD patients on the KT list and obtained raised IL-6, sSTNFR1 and
CRP results in the frail group when comparing to both non-frail and intermediately frail
individuals. Ali et al. did not obtain a statically significant difference when compared the
results obtained for Hb, Alb, WBC, Ca, PTH and CRP in the frail and non-frail individuals
in pre-dialysis. Nakazato et al. compared frail and non-frail groups of patients under
dialysis and reported lower results for Alb, Cr and raised LDH and ALP results in the
frail group.

3.4. Frailty Assessment

Frailty assessment was performed in all the studies included in this review (n = 5),
however different approaches were taken and the measurement of frailty was performed
using different criteria by each study: criteria proposed by Johansen et al. was used by
Mansur et al., the FRAIL questionnaire was performed by Poveda et al. and Fried criteria
was used by McAdams-DeMarco et al., Ali et al. assessed frailty using a combination of
PRISMA questionnaire and Timed Up and Go Test (TUGT) [24], and finally, Nakazato et al.
used the Japanese version of the Cardiovascular Health Study Criteria (J-CHS criteria).

3.5. Comparison Groups

Regarding comparison groups, three of the studies (1 = 3, 60%) compared the results
of the frail group to a robust/non-frail group, one study (20%) compared the frail group to
a robust and a pre-frail group, and the remaining study (n = 1, 20%) compared the frail
group to a non-frail and intermediately frail group.

4. Discussion

Although frailty is a common condition in CKD patients, only recently has it become
a topic of interest. No publication date restrictions were applied in this review, yet only
five articles were found to meet the inclusion criteria. These were published over the
last six years with data collected from 2009 to 2016. On one hand it shows very recent
data, on the other hand, the limited number of published articles available hampers
comparison and analysis of data from different studies but highlights the opportunity
for further investigation. In this review, it was observed that sample characteristics were
heterogeneous among articles, as Mansur et al. and Ali et al. reported on pre-dialysis
patients and compared frail populations to non-frail; Poveda et al. studied ESRD patients
under dialysis and compared frail populations to robust and pre-frail; Nakazato et al.
studied dialysis patients and compared frail to non-frail; and McAdams-DeMarco et al.
studied ESRD patients and did not differentiate the dialysis from pre-dialysis population
and compared frail patients to non-frail and intermediately frail patients. Additionally,
the aims of these studies were not specifically to identify biomarkers related to frail and
pre-frail patients under dialysis or in pre-dialysis.

Populations from five different countries were studied, however no studies reported
on the African or Australian population and most of the studies did not report on ethnicity.
Previous studies have reported a higher prevalence of frailty in older persons from ethnic
minority groups like African Americans when compared with European Americans, report-
ing an independent association between African American race and frailty [25]. A recent
study performed in the Netherlands reported that older persons with a Turkish, Moroccan
and Surinamese background were frailer in comparison with their Dutch background
counterparts [26]. Therefore, it is important to investigate differences in the prevalence
of frailty between diverse ethnic groups. The majority of the groups carried out cohort
studies [1,19,20] with similar follow-up times of 12 to 20 months. However, only mortality,
the start of dialysis, hospitalization history and need for renal replacement therapy were
variables accounted for at the different follow-ups. It would have been of high interest to
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measure the clinical and biological markers at the time of the follow-ups. Identification of
the number of individuals who progressed from a pre-frail status to a frail status and its
correlation with possible biomarker changes would have also been of interest.

All articles selected for this systematic review recruited their study population by
convenience. However, it is known that frailty is more frequent among the female popula-
tion [4]. Therefore, the sample recruiting method might lead to limitations since most of
the studies included in this review reported a higher percentage of male population, which
is not an accurate representation of the frail population [4] and might have been a source
of bias.

McAdams-DeMarco et al. in 2018 reported findings in a population > 18 years old,
but no average age was reported or was able to be obtained by contacting the authors.
However, the average age reported by the remaining studies was > 60 years old, which is
aligned with the fact that frailty is often seen in older adults [4].

Two of the studies included in this review [1,20] reported markers in the pre-dialysis
population, one study [19] focused on ESRD on the kidney transplant list without making a
distinction between pre-dialysis and dialysis patients, and the remaining two studies [21,22]
reported findings in the dialysis population. Poveda et al. studied the prevalence of frailty
in ESRD patients under online-hemodiafiltration (OL-HDF) three times a week for 3-5 h,
however no start date of dialysis was considered, and it is known that there are highly
fluctuating parameter values during the hemodialysis (HD) initiation phase [27]. Studies
have reported differences between CKD pre-dialysis and dialysis patients concerning frailty
prevalence and also differences in GFR levels [11].

Making a distinction between pre-dialysis and dialysis patients allows for a more
specific investigation and the possibility to analyze the differences independently between
both populations. It would have been interesting to measure the biomarkers in a set time
from pre-dialysis to dialysis to evaluate the possible changes in the specific markers and
their association with frailty.

Poveda et al. reported an association between frailty and lower cognitive function
and higher depressive symptoms, which is consistent with studies that found the same
association in non-dialysis patients [28]. Poveda et al. have also reported that frail ESRD
patients are more susceptible to cognitive impairment and depression due to their exposure
to specific factors associated with the dialysis treatment, such as oxidative, inflammatory
and hemodynamic stress. A study from 2012 reported an association between frailty and
worse cognitive performance and recommended that the frailty assessment should include
a cognitive status investigation [29].

Mansur et al. observed a high frequency of frailty in pre-dialysis patients and an asso-
ciation with female gender, >60 years old, endothelial dysfunction and obesity coincident
with previous findings [30]. Osteoporosis was found to have an incident of 100% in the frail
population in this study. Osteoporosis results in increased bone fragility and accumulated
risk of fractures and its prevalence raises alongside with age. Sarcopenia and osteoporosis
have been linked and associated with aging, often leading to frailty [31]. Patients with
ESRD are more likely to develop osteoporosis and have a higher risk of fractures than their
same-age counterparts [32].

Even though vitamin D, CRP, IL-6, TNF-«, Hb and GFR have previously been reported
as related to frailty [33], Mansur et al. did not find an association between frailty and
these markers, which could be explained by the great variability observed in the results,
although the authors identified a strong association between endothelial function and
frailty. Ali et al. also studied pre-dialysis patients with a frailty prevalence of 53.8% and did
not find significant differences between frail and non-frail groups regarding age, gender,
comorbidities, Hb, inflammatory markers or calcium levels. However, they were able to
associate frailty with increased mortality, which has also been previously reported in the
literature [34]. Peritoneal dialysis was reported by this research group as slightly better in
terms of survival when compared to those patients who started on hemodialysis, which is
consistent with several studies previously published [35].
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Poveda et al. reported on patients under dialysis and hypertension was found to
be the etiology of ESRD for the majority of the patients (32.5%), with diabetes for 10.8%
and both diabetes and hypertension for 24.1% of the patients. Association was also found
between frailty and advanced age, female gender and presence of diabetes and/or hyper-
tension. These findings were expected and consistent with studies in community-dwelling
patients [36]. Diabetes and hypertension are the main risk factors for CKD, which can
quickly progress to ESRD in patients with uncontrolled diabetes and/or hypertension [37].

Lower interdialytic weight gain, Hb, transferrin and albumin (Alb), and an increase in
ferritin serum levels were also reported by Poveda et al. when comparing frail to pre-frail
patients. When comparing frail patients to robust patients, lower Fe and Alb was reported.

Hematologic alterations are often seen in ESRD patients under dialysis and a common
complication is anemia, which is explained by reduced production of erythropoietin, a renal
hormone essential to the production of hemoglobin. Anemia is associated with reduced
quality of life, increases morbidity and mortality and accelerates CKD progression. Iron
deficiency is also common among CKD patients [38,39]. Low Alb has also been identified
to be associated with frailty and increased risk of mortality [40]. Poveda et al. found a
correlation between frailty and lower cognitive function, higher prevalence of depression
and comorbidities, which agrees with previous studies [28].

McAdams-DeMarco et al. studied ESRD patients on the kidney transplant (KT) wait-
list and did not clearly distinguish dialysis from non-dialysis patients. Higher levels
of inflammatory markers IL-6, sSTNFR1 and CRP have been reported in frail ESRD pa-
tients when comparing to both groups of non-frail and intermediately frail individuals.
Raised inflammatory markers in frailty are consistent with the literature and have been
associated with the pathophysiology of frailty. Raised CRP and IL-6 are correlated with
physical disability and muscle weakness. Raised TNF« is associated with mortality in
older people [41].

McAdams-DeMarco et al.’s findings support previous studies which report that these
inflammatory markers can be used to predict mortality and therefore support the decision
to accelerate the care to the patients at greater risk [42].

Nakazato et al. studied patients on HD for longer than six months and found that the
frail patients were generally older, had been under HD for a longer period and had lower
levels of Alb and Cr and raised LDH and ALP when comparing to non-frail patients.

Lower serum Alb concentrations have been reported as a predictor of higher mortality
in HD patients. Hypoalbuminemia has been associated with inflammation, poor nutrient
intake and atherosclerotic disease [43]. Decrease in body weight and serum Alb levels have
also been reported in HD patients in their final three months of life [44]. Lower Cr levels
are common among the older population and have been linked to type 2 diabetes.

Both Mansur et al. and Ali et al. found a high prevalence of frailty among pre-dialysis
patients. Mansur et al. reported these findings in 46% of the <60 years old. However, while
Mansur et al. found an association between frailty, gender, advanced age, obesity and
endothelial dysfunction, Ali et al. reported no significant difference when comparing frail
and non-frail groups regarding age, gender or any other studied variables. Both studies
reported no association between frailty and inflammatory markers, calcium hemostasis and
GFR. Ali et al. found no association between frailty and PTH or Alb, while Mansur et al.
found no association between vitamin D and frailty. Mansur et al. and Ali et al. reported a
link between frailty and pre-dialysis patients and increased risk of mortality.

Nakazato et al. and Poveda et al. both studied patients under dialysis and have both
reported frailty as being associated with age. Poveda et al. found a higher prevalence
of frail and pre-frail among ESRD under dialysis patients when compared to non-frail.
Nakazato et al. also found an association between frailty and duration of HD, low Alb
and Cr levels and higher LDH and ALP, while Poveda et al. reported higher prevalence of
depressive symptoms, hypertension, lower iron levels, Hb, Alb and transferrin and raised
ferritin among frail patients.
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No association was found between frailty and Hb or Calcium by Nakazato et al.
Despite McAdams-DeMarco et al. not differentiating dialysis from pre-dialysis patients,
the group reported 67.7% of the population in study being under dialysis. Higher IL-6,
sTNFR1, CRP and inflammatory index were found in frail patients. Inflammation was
associated with frailty by this group.

To our knowledge, this is the first systematic review to summarize the information
about biomarkers in pre-frail and frail patients in dialysis and pre-dialysis. We were able
to identify the biomarkers studied and highlight the ones with statistical significance.

This systematic review was able to highlight the lack of studies in this area (n = 5) and
the poor understanding of the etiology of the biomarker alterations due to the complexity
of the health conditions presented by these patients. We were, therefore, unable to conclude
on the associations between biomarker alterations and their association with frail and
pre-frail patients undergoing dialysis or pre-dialysis. The majority of authors did not
report on specific biomarkers and their significance but more on the prevalence and clinical
outcomes of the conditions.

Despite the limitations of this review, it does fill a gap in the literature, and it shows
the importance of continuing these studies to understand further the association between
alteration in biomarkers in these specific patients to allow a better prognostic and care.

5. Conclusions

The ambiguities in defining frailty and the complex pathophysiology of this condition
makes the development and identification of biomarkers a particularly challenging task.
In fact, even the lack of guidelines for selecting a specific tool for assessing frailty is
an obstacle.

However, the literature seems to reach consensus when reporting the inflammatory
markers of CRP, IL-6 and TNFa. Other biomarkers reported as likely to be related to frailty
are Hb, GFR, Alb, hormones such as dehydroepiandrosterone (DHEA) sulfate, testosterone,
insulin-like growth factor-a (IGF1) and vitamin D, as well as products of oxidative damage
or antioxidants [33].

The inconsistency in approaches noted in the articles included in this review in terms
of sample characteristics and biomarkers measured impacts its accuracy and does not offer
a robust system able to predict frailty in dialysis patients. The relatively small sample sizes
in these studies might have reduced the statistical significance of the biomarkers studied to
detect differences between pre-frail and frail and pre-dialysis and dialysis groups.

After analyzing all the articles, it was common to find a high prevalence of frailty in
patients under dialysis, particularly in female patients. The higher risk of mortality was
also commonly associated with frail patients.

Early identification and intervention are crucial for a potential decrease or even
reverse of frailty, especially in the early stages. Routine interventions to try and diminish
polypharmacy and review adequacy of medication, nutritional guidance, psychological
support and exercise in community-dwelling older adults, especially the ones suffering
from CKD under dialysis or pre-dialysis, could be a good and relatively inexpensive
strategy to decrease the raising cases of frailty and promote a better quality of life to these
patients, improving geriatric care.

The implementation of this multidimensional approach could be done in the commu-
nity and primary care centers to minimize poor outcomes such as falls and hospitalization,
for example, to reduce the burden on the healthcare services.

A recent report has been published regarding a healthy aging program called "HAPPY’
in place in Singapore which aims to engage pre-frail and frail older adults in exercise in the
community; an improvement in cognition, physical function, frailty status, reduction of
social isolation and improving in perceived health has been reported [45].

Associations between exercise and improved health outcomes in patients suffering
from CKD have been reported. A reduction of 22% of mortality among CKD patients
under hemodialysis who engage in a 10 min/day physical activity has been reported [46].
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Other studies have also reported the importance of light-intensity physical activity among
patients suffering from CKD to reduce mortality [47].

Due to the complexity of frail syndrome and the comorbidities frequently related
to these patients, including CKD, the identification of biomarkers that can differentiate
between frailty and other comorbidities is still in its early stages of the investigation.

However, due to the high prevalence of frailty and the fact that an increase of preva-
lence is expected in the future as a result of improved life expectance, it is essential that the
assessment of frailty is done to identify the early stages of this syndrome and that multi-
dimensional strategies are applied to improve geriatric care, quality of life and reduction
in mortality.
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