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The frailty phenotype in hemodialysis patients and its association with biochemical
markers of mineral bone disorder, inflammation and nutrition
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Introduction: Frailty is a state of increased vulnerability to physical stressors. It is common
in patients with end-stage renal disease (ESRD) who are on hemodialysis (HD).

The aim of this study was to analyze the presence of frailty phenotype among HD patients and
to evaluate their interrelationship with different biochemical markers.

Methods: For the frailty assessment the Frailty Phenotype by Fried et al. was used, where
frailty was reported if three of the following criteria were met: unintentional weight loss, self-reported
exhaustion, weakness, slow walking speed and low physical activity. From 281 HD patients,
126 patients were frail, 58 were pre-frail (two criteria were met) and the rest of the study population
were robust (97 patients). BMI was calculated for all patients and venous blood samples were taken to
determine laboratory parameters for bone alkaline phosphatase (BAP), phosphate (P), potassium (K),
C-reactive protein (CRP) and albumin.

Results: Patients who were on HD longer than 60 months have more characters of frailty.
(p=0.019). A statistically significant positive correlations between frailty score and BAP (rho = 0.189;
p = 0.001), and CRP (rho = 0.233; p < 0.001) were observed, and significant negative correlations
between frailty score and albumin (rho = - 0.218; p < 0.001) and K (rho = - 0.198; p = 0.001).

Conclusions: The associations of frailty with markers of mineral bone disorder, inflammation
and nutrition indicate the importance of these parameters in the indirect assessment of the frailty

phenotype in HD patients.
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INTRODUCTION

Frailty is a state of increased vulnerability to
physical stressors. It is a result of progressive and
sustained degeneration in multiple physiological
systems, which is common in those with chronic
kidney disease (CKD) [1]. Frailty is especially
present in end stage renal disease (ESRD) patients
who are on some type of renal replacement therapy
as some studies have reported a frailty prevalence of
>60% in dialysis-dependent CKD patients [2].
Cross-sectional studies suggest that the prevalence
of frailty increases as kidney disease progresses [3].
Although chronic disease and aging contribute to
frailty, there may also be potentially reversible
contributors, such as acute illnesses, inflammation,
and poor nutritional status, and frailty may not
always be a permanent or progressive condition [3].

Recently, there have been efforts to create a
definition of frailty to aid in its diagnosis and to
categorize its severity. Two principal concepts are
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described: The Fried Phenotype Model of Frailty,
which focuses on physical frailty, and the more
holistic Cumulative Deficit Model of Frailty, also
known as the Frailty Index, which considers a
broad range of medical and psychological
conditions and considers functional impairment [4].

Friedet al. [5] described the Frailty
Phenotype (FP) as a clinical syndrome involving at
least three of the following: unintentional weight
loss, self-reported exhaustion, weakness, slow
walking speed and low physical activity. They
demonstrated that their definition of physical frailty,
although having some overlap with disability and
comorbidity, was a distinctive syndrome and
independently predictive of adverse outcomes,
including falls, hospitalization and death [5].

The aim of this study was to determine the
prevalence of the FP among hemodialysis patients
(HD) and to evaluate their relationship between
biochemical markers of mineral bone disease,
inflammation and nutritional status.
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MATERIALS AND METHODS

Study population

This cross-sectional study involved 281
(112 female, 169 male) ESRD patients older than
18 years, undergoing maintenance HD treatment
for more than 3 months at the Clinic of
Hemodialysis at the University Clinical Center
Sarajevo. The mean age of the study participants
was 54.2 £ 11.91 years, with a mean duration of
HD treatment 60.5+39.21 months.

Enrollment criteria included: being over the
age of 18 and undergoing HD for at least three
months. Exclusion criteria were age younger than
18 years old, acute renal failure, pre-dialysis
patients with other stages of chronic renal disease
and chronic renal failure with temporary dialysis
(less than 3 months), as well as patients
undergoing radiotherapeutic and chemothera-
peutic treatment.

Demographic data and clinical parameters

The method of collecting data is performed
through patients’ electronic medical records,
where we monitored demographic and clinical
data of patients (gender, age, duration of the HD
tretament expressed in months, type of vascular
acces).

For the frailty assessment the Frailty
Phenotype by Fried et al. [5] as the self-reported
questionnaire was used. Frailty was reported if
three of the five mentioned criteria above were
met (unintentional weight loss, self-reported
exhaustion, weakness, slow walking speed and
low physical activity), pre-frailty if two criteria
were met and non-frail or robust if there was just
one or none criteria. Those data were obtainted
from the anamnessis, physical examination and
the medical history of the patient. In our study
group 97 (34.5%) were robust, 58 (20.6%) were
pre-frail, while 126 (44.8%) patients had the
characteristic of the frailty phenotype.

Laboratory analysis

Venous blood samples were drawn from
each patient before the HD treatment after an 8-hr
to 12-h overnight fast in the midldle of the week
and before the second HD treatment in that week
at the Clinic for hemodialysis. All blood samples
were send to the central laboratory of the Clinic
for chemistry and biochemistry in the Clinical
Center University of Sarajevo.

As biochemical markers of mineral bone
disorder (MBD) the serum concentrations of
calcium (Ca), phosphate (P), intact parathyroid
hormone (iPTH), and bone alkaline phosphatase
(BAP) were used.

Minerals were measured by the ion-selective
electrode diluted (indirect) method, the reference
values for Ca are from 2.14 to 2.75 mmol/l and for
P are from 0.81-1.58 mmol/l. PTH was measured
by an immunometric immunoassay technique with
reference values from 14 to 86 pg/ml.

To asses nutritional status the serum values
of albumin and potassium (K) were assesed as
well as the BMI were measured and calculated.
The albumin concentration was determined by the
spectrophotometricall method using bromine
cresol green reagent (referent range from 35 to
50 g/l). Potassium as well as other minerals were
measured by the ion selective electrode diluted
(indirect) method with reference values from
3.9-5.1 mmol/l. Body mass index (BMI) was
calculated as weight (kg) divided by height
squared (m?). According to the World Health
Organization (WHQO) criteria, BMI values in the
range 18-25 kg/m? were considered as normal
weight, 26-29 kg/m?as overweight, and BMI
equal to or greater than 30 kg/m? as obese [6].

The main inflammation marker C-reactive
protein (CRP) was used in order to evaluate the
inflammation status in our study group. CRP was
measured by the turbidimetric/immunoturbidimetric
method (referent range from 0-5 mg/L).

Upon careful explanation of the study
procedure, an informed consent in writing was
obtained from all patients. The study was
approved by the UCCS Ethics Committee.
Investigations were carried out in accordance with
the Declaration of Helsinki as revised in 2000.

Statistical analysis

The normality and variance homogeneity of
data for continuous variables were tested using the
Kolmogorov-Smirnov test. Categorical variables
were expressed as numbers (n) and percentages
(%) and differences between them were assessed
using Chi-square test. Results of descriptive
statistics for continuous variables are presented
as mean values * standard deviation (SD). The
difference between the continuous variables was
assessed by the Student’s t-test.

Spearman’s correlation coefficient was
used to express the association between
variables.
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Statistical significance of the obtained
results was set at p < 0.05. All statistical analyses
were conducted using Statistical Package for the
Social Sciences (SPSS) version 13.0 for Windows
(Chicago, IL, USA).

RESULTS

The demographic data and clinical charac-
teristics of the study population are presented in
Table 1.

Male patients were more represented in the
study group (60.1%) as well as in the frail (56.3%),
and pre-frail (62.1%) group of patients. No
statistically significant association was determined
between gender and the frailty phenotype.

Most patients included in our study (48.4%)
were in the age group from 41 to 65 years. 53.2 %
patients with the frailty phenotype were older than
65 years, while 39.7% of them were aged from 41 to
65 years. In the pre-frail and robust groups of
patients, most of them were younger than 65 years.
A statistically significant association between age
and the frailty phenotype was noticed (p=0.009).

46% frail patients were on HD treatment
longer than 60 months, whereas the pre-frail and

robust patients were on HD treatment between
13 and 60 months. A statistically significant
association between HD duration and the frailty
phenotype was noticed (p=0.019).

Most of the patients in the frail, pre-frail and
robust had arteriovenous fistula. A statistically
significant association (p=0.009) between the use
of AVF compared to other vascular accesses was
noticed in all three HD patients groups.

The correlation between frailty score and
serum markers of mineral bone disorder are
presented in Table 2. There was no significantly
association between the frailty score and
biochemical markers of mineral bone disorder,
Ca, P and iPTH. Despite that, frailty score showed
a statistically significant positive correlation with
BAP (rho = 0.189; p = 0.001).

Table 3 shows correlations between frailty
sum score and serum markers of inflammation and
nutrition status. There was a statistically significant
positive association between frailty score and CRP
(rho = 0.233; p < 0.001). Statistically significant
negative associations were observed between
frailty sum score and serum markers of nutrition
status: serum albumin (rho = - 0.218; p < 0.001)
and K (rho =-0.198; p = 0.001).

Table 1

Demographic data and clinical parameters of the study population

All Non-frail Pre-frail Frail p value
n =281 n=97 n =58 n=126
Gender (Male) 169 (60.1%) 62 (63.9%) 36 (62.1%) 71 (56.3%) 0.491
Age <40 26 (9.3%) 12 (12.4%) 5 (8.6%) 9 (7.1%)
groups 41-65 136 (48.4%) 57 (58.8%) 29 (50.0%) 50 (39.7%) 0.009
(yrs.) > 65 119 (42.3%) 28 (28.9%) 24 (41.4%) 67 (53.2%)
HD <12 61 (21.7%) 18 (18.6%) 18 (31.0%) 25 (19.8%)
duration 13-60 115 (40.9%) 50 (51.5%) 22 (37.9%) 43 (34.1%) 0.019
(months) > 60 105 (37.4%) 29 (29.9%) 18 (31.0%) 58 (46.0%)
Temporary 19 (6.8%) 6 (6.2%) 1(1.7%) 12 (9.5%)
Type of CvC
vascular Permanent 56 (19.9%) 10 (10.3%) 13 (22.4%) 33 (26.2%) 0.009
access CVvC
AV fistula 206 (73.3%) 81 (83.5%) 44 (75.9%) 81 (64.3%)

Data are presented as number of cases (n) and percentages (%); p — probability; HD — hemodialysis; C\VVC — central venous catheter; AV — arteriovenous

Table 2

Correlation between frailty sum score and serum markers of mineral bone disorder

Parameters Frailty sum score

rho p-value
Ca(mmol/l) - 0.062 0.304
P (mmol/ll) - 0.049 0.414
iPTH (pg/mL) 0.022 0.717
BAP (U/L) 0.189 0.001

Ca - total calcium; P — phosphate; iPTH — intact PTH; BAP — bone alkaline phosphatase; rho — Spearman’s correlation coefficient
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Table 3

Correlation between frailty sum score and serum markers of inflammation and nutrition status

Parameters Frailty sum score

rho p-value
CRP (mg/L) 0.233 <0.001
Albumins (g/) -0.218 <0.001
K* (mmol/l) -0.198 0.001
BMI (kg/m2) - 0.083 0.168

CRP — C- reactive protein; K — potassium; BMI — Body mass index; rho — Spearman’s correlation coefficient

DISCUSSION

To the best of our knowledge, this study is the
first research which assessed the frailty phenotype
using the assessment tool by Fried in HD patients in
Bosnia and Herzegovina.

The demographic structure of our patients
showed 44.8% frail phenotype prevalence, which is
very similar to the report of Musso et al. [7]. In their
review this authors reported a prevalence of 42%
frailty among HD patients and these have a higher
risk of mortality andahigher number of
hospitalization episodes. Also, in the systematic
review of Chowdhury et al. [8] it was reported that
frailty is prevalent in patients with CKD and it is
associated with an increased risk of adverse health
outcomes.

In our study group 53.2 % frail patients were
older than 65 years, while 39.7% of them were aged
from 41 to 65 years. The demographic structure of
the study conducted in Japan at six institutions by
Takeuchi et al. [9] were similar to our study in terms
of age, where they described that the prevalence of
frailty increased steadily with age.

This study also states that the female gender
is independently associated with frailty which is
different from our findings where more frail patients
were men. This difference can be explained by
different demographic characteristic whereas our
study included a larger number of male patients.

Our study showed that patients who are
longer on a HD treatment have more frail phenotype
characteristics. These findings are similar to those
of a study of Garcia-Canton et al. where patients
who spent longer time on HD were more frail [10]
and this can be explained by the fact that CKD is
more frequent in older patients and it also favors
earlier onset of frailty compared with patients of
similar age, without CKD.

In the frail, pre-frail and robust HD patient
group the most common vascular access used was
arteriovenous fistula (AVF) with a statistically
significant association between the uses of this

vascular access compared to others in all three HD
patients groups. This finding is expected because our
Center follows the current international guidelines
which encourage the creation of AVF as a first
choice for dialyses access and as a last resort
insertion of central venous catheter [11].

Our study showed that the type of vascular
access-primary AVF may favor more frailty in
patients. Despite the multiple studies concentrating
on age and vascular access, there has been negligible
work on the association of frailty and vascular
access. Limited data exist on this relationship, but it
appears that frailty may have an association with
poorer outcomes from vascular access [12].
Johansen et al. [2] assessed frailty in >3000 incident
dialysis patients and determined that individuals
with a permanent vascular access (like AVF) were
less likely to be frail with hazard ratio 0.72 (95% ClI
0.51-0.98) and this was independent of the time of
nephrology referral. Those findings are different
from our result and they can be explained by the fact
that the prevalence of more senior individuals
receiving HD has increased in recent years. In
addition, current international guidelines advocate
AV creation as first choice for vascular access in HD
patients. Not just that these factors play a big role
but also AVF per se can have impact on the cardiac
function which can lead to its weakness and thus
accelerate the persistent disease and therefore the
frailty phenotype as well [13]. Due to complexity in
decision making in dialysis access, frailty
assessment could be a key element in providing
patient-centered  approach in  planning and
maintaining vascular access for dialysis [12].

Our study showed that biochemical markers
of mineral bone disorder like Ca, iPTH and as well
as P did not correlate significantly with the frailty
phenotype. However, BAP showed a statistically
significant positive association with frailty score.
The observational prospective longitudinal study by
Garcia-Canton et al. [10], which included 277
prevalent HD patients and was demographically
very similar to ours, stated that the association
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between frailty and laboratory parameters of bone
and mineral metabolism is unclear.

Another cross-sectional study by Yoneki et
al. [14], which included 214 (90 women, 124 men)
Japanese outpatients undergoing maintenance HD
and defined Frailty based on criteria set forth by the
Cardiovascular Health Study, aimed to assess the
association between frailty and bone loss in patients
undergoing HD and showed that parameters like Ca,
P and iPTH decreased significantly with increasing
levels of frailty in both sexes. These differences in
the association of laboratory findings for mineral
bone disorder and frailty in HD patients found in
previous studies may be due to several reasons, such
as differences in the study populations in terms of
commorbidities, and inclusion of prevalent or
incident patients. However, they may also be due to
differences in the methods used to detect frailty.
Also, CKD itself, which further on goes into ESRD
causing vitamin D deficiency leads to a mineral
imbalance causing secondary hyperparathyroidism,
whose consequence is renal osteodystrophy [15].
The bone loss is a complication of ESRD which is
further on deteriorated by HD itself. Besides, frailty
should be also considered a risk factor for bone loss
in patients undergoing HD [14].

When it comes to biochemical markers of
nutrition, results of the present study demonstrated
statistically ~ significant  negative  associations
between frailty sum score and serum markers of
nutrition status: serum albumins and K. Our results
are in accordance with the results of similar studies
that stated association between frailty and lower
serum values of albumin [10,3].

Our results show a significant positive
association between frailty score and CRP. Due to
the nature of ESRD and the renal replacement
therapy in the form of HD, our patients are in a
chronic inflammatory state. Considering that most
of them are frail, it is to be expected that the results
of our study showed a positive association between
CRP as a marker of inflammation and the frailty
phenotype. Our findings are inconsistent with some
other studies of frailty in HD patients which failed
to find an association of frailty with the
inflammation marker CRP [10]. A possible reason
for this discrepancy in the results may be related to
the differences in the study design and sample size
or differences in the study populations in terms of
age and commorbidity and the assessment
parameter for frailty. On the other hand similar
results with ours were observed in a study by
Lopez-Montes et al. [16], where authors found not

only an association with the severity of frailty
phenotype with higher CRP levels, but also an
improvement of this parameter by patients who
survived their 12-month follow up period
compared to the non frail ones.

Hendra et al. in their study assessed HD
patients with the mortality rate after testing positive
for the novel SARS-CoV-2 by RT-PCR and
identified prognostic risk factors associated with
poor outcome including age, frailty and markers of
inflammation [17].

Frailty is most present in older people where
in addition CKD accelerates the aging process.
These combined effects of chronological and
pathological aging may explain why the frailty
phenotype is much more common in this population.
Also, many vyears on dialysis lead to the
development of chronic complications which lead to
the expression of the frailty phenotype. It is very
important that the risk factors for frailty are
recognized on time in hemodialysis patients so a lot
of measures can be taken to prevent frailty and also
improve the proper treatment approach in the
management of frailty.

However, there were several limitations in
this study. Primarily, the study was conducted as a
cross-sectional study, so it was not possible to
completely eliminate the bias in the patient
selection. Also, the study included a relatively
small sample of patients from one research center
(a single center study). Because of the limitations
mentioned above a multi-center prospective study
with a large-scale sample is needed in order to
confirm the accuracy of the results.

CONCLUSION

The results of our study showed that frailty is
more present in male and in older HD patients.
Patients who are longer on HD treatment have a
higher value of the frailty score, and are therefore
more frail.

The positive association of the frailty
phenotype with BAP as a marker of mineral bone
disease and with CRP as a marker of inflammation,
and a negative association with albumin and
potassium as a marker of nutrition can indicate the
importance of these markers in the indirect
assessment of the frailty phenotype and their
management in HD patients.

Extensive and well controlled prospective
studies are needed in order to supplement and clarify
as well as confirm these results.
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Introducere. Fragilitatea reprezintd o stare de vulnerabilitate crescutd
in fata stresorilor fizici. Este comund la pacientii cu ESRD si hemodializa (HD).
Scopul studiului a fost de a evalua fenotiopul de fragilitate la pacienti cu HD.

Metode. Pentru evaluarea fragilitatii a fost folositd evaluarea descrisa de
Fried et al. in care fragilitatea a fost definitd dupd mdcar unul din criteriile
urmdtoare: scadere ponderald involuntara, epuizare, slabiciune si activitate fizica
scazutd. Din 281 de pacienti cu HD, 126 aveau fragilitate, 58 aveau pre-fragilitate
si 97 erau robusti. Pacientilor le-au fost determinate BMI si fosfataza alcalind
(BAP), fosfor, potasiu, proteina C reactiva si albumina.

Rezultate. Pacientii sub dializa mai lungd de 60 luni aveau caracteristici ale
fenotipului fragil (p=0,019). S-a observat o asociere semnificativd intre scorul de
fragilitate si BAP (r=0,189, p =0,001) si CRP (r=0.233, p =0,001). S-au observat
asocieri negative intre scorul de fragilitate si albumina sau K.

Concluzii: Asocierea fragilitatii cu markerii Minerali ososi, inflamatie §i
nutritie indica importanta parametrilor in evaluarea fenotipului fragil la pacientii
cu HD.
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