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Abstract

BACKGROUND: Chronic kidney disease (CKD) patients undergoing routine hemodialysis (HD) have a high
prevalence of protein-energy malnutrition (PEM) and inflammation. The combination of inflammation and PEM
is associated with cardiovascular disease and poor outcomes. Interleukin-6 (IL-6) is an inflammatory factor that
runs parallel to endothelial damage and is closely related to the nutritional status of CKD HD patients. The tool to
assess nutrition status is malnutrition inflammation score (MIS) and to assess endothelial damage is asymmetric
dimethylarginine (ADMA). It is currently unclear whether there is a correlation between inflammation, malnutrition,
and endothelial dysfunction.

AIM: The aim of this study is to determine the correlation between IL-6, MIS, and ADMA in CKD HD patients.

METHODS: A cross-sectional design with analytic observational study was conducted on end stage renal disease
patient who undergo routine hemodialysis for at least 2 years with the duration of hemodialysis is 4-5 h and at least
twice per week. IL-6 was examined by kit (ELISA) and ADMA using LC-MS/MS at a certified laboratory in Manado city.
History taking and physical examination were used to calculate MIS. Data analysis was done using SPSS version 22.

RESULTS: There were 30 participants consisting of 22 men (72%) and 8 women (28%). The median age of the
subjects was 56.50 years. There was a statistically significant positive correlation between IL-6 and ADMA (r = 0.440,
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Introduction

Chronic kidney disease (CKD) has become
a major health problem globally, with 2-3% of the
country’s assets spent on treating late-stage kidney
disease [1]. The most important cause of death in
hemodialysis (HD) patients is cardiovascular disease,
and about 50% of deaths are related to cardiovascular
disease [2], [3]. Studies have shown a correlation
between protein energy malnutrition (PEM) or
malnutrition with cardiovascular disease and increasing
cardiovascular-related mortality rates [4].

Inflammation in CKD occurs due to kidney
disorders that cannot excrete pro-inflammatory
cytokines, uremic toxins, oxidative stress, comorbid
diseases, and dialysis procedures. Pro-inflammatory
cytokines interleukin-6 and asymmetric dimethylarginine
were significantly increased in CKD HD patients and
are significantly increased in CKD HD patients and are
involved in the nutritional status [5].

p =0.015), MIS and ADMA (r = 0.378, p = 0.039), and IL-6 and MIS (r = 0.682, p = 0.0001).
CONCLUSION: There was a significant correlation between IL-6, MIS, and ADMA.

Malnutrition and inflammation cause
infammatory malnutrition syndrome, which increase
the risk of atherosclerosis in CKD patients undergoing
HD [6]. Endothelial dysfunction is the basis of
atherosclerosis formation, which occurs in the early
stages of CKD patients and increases further with the
progression of kidney disease. One of the markers of
endothelial dysfunctionis ADMA[7]. Levels of circulating
ADMA are directly and significantly associated with CRP
and IL-6, suggesting that inflammation and endothelial
dysfunction are parallel processes in end-stage CKD
patients [8], [9].

The recommended examination of protein-
energy nutrient status by the Kidney Foundation’s
Kidney Disease Outcomes Quality Initiative (KDOQI) is
a malnutrition inflammation score (MIS). MIS appears
to be a comprehensive and significant assessment
system associated with possible hospitalization,
death, nutritional status, inflammation, and anemia
in hemodialysis patients [10]. MIS values predict
mortality rates in CKD patients with HD equivalent to
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serum IL-6 and even higher than serum C-reactive
protein (CRP) [11].

This study aimed to determine the correlation
between IL-6, MIS, and ADMA in chronic kidney disease
patients undergoing routine hemodialysis.

Methods

This study was an analytical observational
study with a cross-sectional design. This research was
conducted at the Hemodialysis unit of Prof. Dr R. D.
Kandou Hospital, Manado, Indonesia, from August
2021 to December 2021. This study was approved by
local ethics committee with the number: No.111/EC/
KEPK-KANDOU/VII/2021.

Population and sampling

The population included in this study were all
patients who underwent routine hemodialysis at Prof.
Dr R. D. Kandou Hospital, Manado, Indonesia who met
the inclusion and exclusion criteria.

Inclusion criteria were CKD patients who
undergo routine hemodialysis for at least 2 years with
4-5 h duration and at least twice per week session,
aged 18-60 years old and were willing to participate
in the study. Exclusion criteria were the presence of
malignancy, severe infection or sepsis, autoimmune
diseases and congestive heart failure. The sampling
method was carried out by consecutive sampling.

Interleukin-6 (IL-6) examination

Five milliliter of blood was drawn from the
peripheral vein and measurements were taken using
the enzyme-linked immunosorbent assay (ELISA) kit
(Elecsys, cat. No 05109442190 from Roche Diagnostics
International Ltd, Rotkreuz, Switzerland). The reference
value of IL-6 values in the study of Rambod et al. and
Aditia et al. was 9.9 pg/ml [11], [12].

Malnutrition inflammation score (MIS)

MIS was carried out according to the Kalantar-
Zadeh method [10], [13], [14]. These were assessed
by taking a medical history and physical and laboratory
examinations. History taking included questions
regarding changes in body weight, food intake,
gastrointestinal symptoms, functional capacity, and
comorbid diseases. The physical examination consisted
of assessing subcutaneous fat and body mass index.
The laboratory parameters included TIBC and albumin
levels. Each component of MIS has four severity range:
from O (normal) to 3 (very severe) [13], [14], [15].

Asymmetric dimethylarginine (ADMA)
examination

An Agilent 1290 Infinity Il LC System with
6460 Triple Quad MS (LC-MS/MS) was used for the
chromatographic separation. ADMA was obtained
from Merck (Darmstadt, Germany). ADMA values
for a small risk of cardiovascular are <100 ng/mL
(1.79 umol/L) [16].

Data analysis

The data obtained were analyzed using SPPS
version 22.0 (IBM, Armonk, NY, USA) testing the
normality of the data using the Shapiro—Wilk. Analysis to
determine the correlation between IL-6, MIS, and ADMA
was using the Spearman test (with significantly p < 0.05).

Results

This study recruited a total of 30 patients, with
22 (72%) patients being male and 8 (28%) females
(Figure 1).

Figure 1: Participants distribution by sex

The median age was 56.5 (32-60) years. The length
of hemodialysis in this group showed a median value
of 3 (2-5) years. The median of IL-6 was 10.73 pg/mi
(2.91-113.1 pg/ml). The overall median of ADMA was
104 ng/ml (71-168 ng/ml). Based on the malnutrition
score, the median of MIS was 7 (2-9). The data are
shown in Table 1.

Table 1: Characteristics of the participants

Characteristic n Minimum Maximum Median
Age (years) 30 32.00 60.00 56.50
HD duration (years) 30 2.00 5.00 3.00
BMI (kg/m?) 30 16.51 29.76 2215
Album (g/dL) 30 2.34 4.81 4.34
TIBC (mcg/dL) 30 128.00 388.00 224.50
ADMA (ng/mL) 30 71.00 168.00 104.00
IL-6 (pg/ml) 30 2.91 113.10 10.73
MIS 30 2.00 9.00 7.00

n: Number of research samples, BMI: Body mass index, TIBC: Total iron binding capacity, ADMA: Asymmetric
dimethylarginine, IL-6: Interleukin 6, MIS: Malnutrition inflammation score, HD: Hemodialysis.
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Correlation between IL-6 and ADMA

The Shapiro—Wilk normality test showed an
abnormal data distribution. A Spearman correlation test
was conducted to assess the correlation between IL-6
and ADMA. The result showed a significant relationship
between IL-6 and ADMA (r = 0.440; p = 0.015). The
correlation coefficient indicated that IL-6 have a
moderate and unidirectional correlation with ADMA
(Figure 2), in which the high IL-6 are also followed by
high ADMA (Table 2).
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Figure 2: Graph of the correlation between IL-6 and ADMA

Correlation between MIS and ADMA

The Shapiro-Wilk normality test showed an
abnormal data distribution; therefore, a Spearman
correlation test was used to assess the correlation
between MIS and ADMA. The result showed a significant
correlation between MIS and ADMA (r = 0.378;
p = 0.039). The correlation coefficient showed that MIS
had a moderate and unidirectional level of correlation
with ADMA (Figure 3), in which the high MIS is also
followed by the high ADMA (Table 2).

Table 2: Correlation between variables

Correlation variable n r p

IL-6 - ADMA 30 0.440 0.015
MIS - ADMA 30 0.378 0.039
IL-6 - MIS 30 0.682 0.000

n: Number of research samples, r: Correlation coefficient, ADMA: Asymmetric dimethylarginine,
IL-6: Interleukin 6, MIS: Malnutrition inflammation score.

Correlation between IL-6 and MIS

The Shapiro-Wilk normality test showed an
abnormal data distribution; therefore, a Spearman
correlation test was used to assess the correlation
between IL-6 levels and MIS. The result showed a
significant correlation between IL-6 and MIS (r = 0.682;
p = 0.0001). The correlation coefficient shows that the
IL-6 as a moderate and unidirectional correlation with
MIS (Figure 4), in which the high IL-6 was also followed
by the high value of MIS (Table 2).

R? Linear = 0.192

175.00-

150.00-

<
=
Q 125007
o
o ° § )
100,00 o 8
S 8
o
o
75.001 9 o
T T
200 400 600 8.00

Mis

Figure 3: Graph of the Correlation between MIS and ADMA

Discussion

Our result showed a higher distribution of men
compared to women (72%-28%), and the median age
in this study was 56.5 years which was similar to data
from the Indonesian Renal Registry in 2018 with the
average age 45-54 years was 30.82%. These data
showed that the prevalence of male patients undergoing
hemodialysis was higher than female (57%-43%) [17].
A study by Permana et al. in Palembang in 2020 also
found similar results, in which the number of male
patients undergoing hemodialysis’s was more than that
of women (73% vs. 26.7%) [18].
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Figure 4: Graph of the Correlation between IL-6 and MIS

The average BMI in this study was 22.22 +
3.29 kg/m®. Similar results were found by Ho et al. in
Taiwan in 2008 and lyidogan et al. in Turkey in 2008,
with the average BMI of 22.1 + 3.5 kg/m* and 22.5 +
0.7 kg/m?, respectively [18], [19]. Differences in average
BMI values can be caused by differences in body weight
demographics, whereas obesity and overweight are
often found in hemodialysis patients in western countries.
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Interleukin-6 is one of the pro-inflammatory
cytokines that initiates an acute phase response of
hepatocyte cells and induces CRP production [20], [21].
Thelevel of IL-6 in hemodialysis CKD patients was higher
compared to the normal population and was associated
with mortality rates, malnutrition, inflammation, and
cardiovascular disease [21], [22]. The reference
value of IL-6 used was <9.9 pg/mL [11], [12]. In this
study, the average IL-6 was 28.05 + 33.68 pg/ml,
which was higher than normal values. This result
was in accordance with a study by Kalantar-Zadeh
et al. in Los Angeles in 2004, where the average
of IL-6 in hemodialysis CKD patients was 22.6 +
56.67 pg/ml [23]. Similar results were also reported by
Kaizu et al. in Japan, Thiagarajan et al. and Herbelin
et al. where the average of IL-6 was 11.7 = 2.8 pg/ml,
16.12 + 34.1 pg/ml, and 45.2 + 3.9 pg/ml [18], [22], [23].
Elevated of IL-6 can be caused by hypertension,
adipocytes, insulin resistance, excess fluid, persistent
infections, and dialysis procedures such as using
bio incompatible membranes, non-sterile dialysis
techniques, and back filtration [24], [25]. Several
studies have shown that IL-6 do not increase during
the hemodialysis process but rather than increase
in 2 h after completion of hemodialysis [18], [25].
The interaction of hemodialysis membranes and
contaminated dialysis causes the release of endotoxins
through high-flow dialysis membranes (High-flux),
resulting in the activation of monocyte cells and release
of IL-6 [20], [25]. The use of cellulose membranes
more often leads to an increase in IL-6 compared to
polysulfone membranes [26], [27], [28]. On the other
hand, the uremic state can also cause an increase in
IL-6, but routine hemodialysis also leads to a further
increase of IL-6 [25], [29], [30]. Kaizu et al. found a
positive association between elevated of IL-6 with the
length of hemodialysis of >3 years, chronic disease
conditions, uremic-related dialysis or oxidative stress
conditions [20]. The average length of hemodialysis in
our patients was 3.26 + 1.14 years.

The MIS can represent all examinations to assess
nutritional status and has been recognized by KDOQI as
a panel for status protein-energy nutrition status [15]. This
study showed that the average MIS in hemodialysis CKD
patients was 6.17 £2.04, indicating a moderate malnutrition
(MIS score 6-8). This results are similar to the study by
Kalantar-Zadeh et al. on 83 hemodialysis CKD patients
in San Fransico and 378 hemodialysis CKD patients in
Los Angeles, with the average MIS of 8.3 + 4.2 and 6.3
+ 3.9, respectively [10], [13]. A study by Visideo et al.
also obtained an average result of MIS of 8.4 + 3.5 [31].
Routine hemodialysis has a risk of malnutrition due to
the catabolism effect of kidney replacement therapy,
decreased appetite due to uremic conditions and nutritional
restrictions that cause inadequate dietary intake, loss of
nutrients through dialysis membranes, inflammation, and
metabolic acidosis. These factors can cause hemodialysis
CKD patients experience a malnutrition energy protein
syndrome [31]. High MIS values are associated with poor

nutritional status, high inflammation, mortality rate, and
morbidity in hemodialysis CKD patients [11], [31], [32].

This study found that the median value of
ADMA was 104.00 ng/ml (1.82 umol/L), which was
higher than the normal values. The results reported
by Tripepi et al. in Italy in 2011 also found the median
ADMA of 2.4 umol/L [8]. Elevated ADMA can occur due
to impaired renal excretion, such as in CKD or increased
oxidative stress leading to decreased DDAH enzyme
activity which is caused by older age, smoking, diabetes
mellitus, hypercholesterolemia, hyperhomocysteinemia,
and hypertension [33], [34], [35], [36]. Kielstein et al.
also found that hemodialysis CKD patients with vascular
atherosclerosis had higher of ADMA values than those
without vascular complications [37].

Inflammationin CKD patientsismultifactorial [26].
Hemodialysis-related and non- hemodialysis-related
factors can cause inflammation by stimulating the
synthesis of cytokines such as CRP, IFN-y, IL-1,
IL-6, and TNF-o [26]. Another biomarker related to
inflammation is suPAR (soluble urokinase plasminogen
activator receptor) [38]. High levels of suPAR and other
pro-inflammatory mediators were associated with CKD
progression [38], [39]. Pro-inflammatory cytokines that
are also increased in prolonged proteinuria include
transforming growth factor-3 (TGF-R), vascular
endothelial growth factor (VEGF), and platelet-derived
growth factor (PDGF) [40].

In addition, it is well known that IL-6, TGF-R,
TNF- o, fibroblast growth factor-23 (FGF-23), VEGF,
PDGF, and many more pro-inflammatory mediators
which have a molecular weight between 20.000 and
45.000 Dalton can be removed by therapeutic plasma
exchange (TPE). Dzulfikar Djalil Lh et al. found that TPE
is effective in managing disease progression affected
by IL-6 [41].

In this study, we found that most hemodialysis
CKD patients had ADMA and IL-6 above normal
values (66% and 66%). The study found a significant
positive correlation between IL-6 and ADMA (r = 0.440,
p = 0.015). A study conducted by Tripepi et al. on 225
hemodialysis CKD patients in Italy on 2011 found
a significant positive correlation between IL-6 and
ADMA (r = 0.18, p = 0.009) [8]. Cytokine IL-6 causes
endothelial damage through eNOS and adiponectin
expression. Recombinant injection of IL-6 worsens
the incidence of atherosclerosis [27], [42]. Cytokine
IL-6 stimulates ICAM-1, which can cause migration
and adhesions of leukocytes passing through the
endothelial surface; initiating the initial phase of fibrous
plague formation in the process of atherosclerosis; and
an increase in |L-6 associated with the progressiveness
of carotid atherosclerosis within 12 months of early
dialysis therapy [25]. A study by Tripepi et al. found
that ADMA was directly and significantly related to
IL-6, thus signaling that both inflammatory processes
and endothelial dysfunction occurred simultaneously in
CKD patients [8].
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A study conducted by Bolton et al. on
44 patients consisted of 23 CKD patients who underwent
Hemodialysis and peritoneal dialysis, 16 CKD patients
who had not undergone dialysis, 28 patients healthy as
a control and 20 patients with stable angina. Bolton et al.
found that IL-6 was significantly related to endothelial
vasomotor functions (EDV) (r=-0.43, p=0.01), vCAM-1
(r = 0.45, p = 0.001), ICAM-1 (r = 0.38, p = 0.001) in
all groups, and IL-6 positively associated with ICAM-1
(r=0.72, p=0.0001) [43]. Boltom et al. revealed that an
increase in IL-6 in CKD patients can predispose to the
occurrence of vascular disease and sICAM-1 can be a
marker of endothelial dysfunction [43].

A study conducted by Nawawi et al. on
74 patients who received atorvastatin therapy found an
improvement in endothelial function through increased
flow-mediated vasodilatation (FMD). It decreased levels
of sSICAM-1 and IL-6. Nawawi et al. revealed that IL-6 and
sICAM-1 can be markers of endothelial dysfunction [44].

The results showed a significant positive
correlationbetween MISandADMA(r=0.378,p=0.039).
Several studies have found an association between
inflammatory malnutrition syndrome with endothelial
dysfunction in hemodialysis patients [45], [46]. Still, no
one has yet found a correlation between MIS and ADMA
in patients with hemodialysis. A study of inflammatory
malnutrition related to endothelial dysfunction, first
conducted by Demir et al. they found that there was
a correlation between MIS with VCAM-1 (r = 0.33,
p=0.004)and FMD (r=-0.35,p=0.003) as a parameters
of endothelial dysfunction [47]. Melikian et al. studied
endothelial function by examining ADMA and FMD in
the brachial artery on 58 total samples. They found
the ADMA, multiple regression model, to be the only
independent factor of FMD (p = 0.02) [48]. A study by
Juonala et al. consisting of 2090 adult patients showed
that there was an inverse correlation between ADMA
and brachial artery FMD, which was significant with a
multivariate regression model based on age, sex, and
cardiovascular risk factors, eGFR values and brachial
artery diameter (p = 0.01) [49]. A study by Cupisti et al.
on 38 patients undergoing routine hemodialysis showed
that increased ADMA was associated with low BMI and
albumin, both of which were markers of poor nutritional
and inflammatory markers [50].

Increased inflammation and decreased
antioxidants due to malnutrition can lead to endothelial
dysfunction. Inflammatory cytokines causes an increase
in oxidative stress, protein muscle degradation,
synthesis of acute phases of reactants and endothelial
cell damage [4], [9] suPAR which is expressed in
endothelial type as well as podocyte and can be a marker
of glomerular disease activity, systemic inflammation,
and infection [39], [51].

Demir et al. found that the higher the MIS, the
more severe the endothelial dysfunction [47]. A study
by Kalantar-Zadeh et al. found a significant correlation
between Subjective Global Assessment (SGA) and

ADMA. When they compared MIS with SGA or Dialysis
Malnutrition Score (DMS), it was considered that MIS
is superior as an indicator malnutrition inflammation
complex syndrome (MICS) [10].

This study found a significant positive
correlation between IL-6 and MIS (r = 0.682,
p = 0.0001). Thandavan et al. in India reported
similar results in a correlation between IL-6 and MIS
(r = 0.304, p = 0.05) [21]. The significant positive
correlation between IL-6 and MIS values is the same
as the study conducted by Rambod et al. in America,
which found a positive correlation between IL-6 and
MIS (r = 0.26, p = 0.0001) [9]. Similarly, Valencia et al.
reported a study of 128 hemodialysis patients with in
Mexico and found a positive correlation between IL-6
and MIS (r = 0.327, p = 0.01) [52].

Interleukin 6, as an inflammatory factor, plays
a role in synthesizing acute-phase proteins that will
inhibit albumin synthesis through regulating Messenger
RNA (mRNA) albumin [5], [20], [63] High levels of
IL-6 indicate a high inflammatory process that occurs,
triggering inflammatory malnutrition syndrome in CKD
patients with hemodialysis [54]. MIS is a combination of
SGA scoring accompanied by BMI, serum albumin and
transferrin components, consisting of ten components.
Alongitudinal study showed that MIS could be used as a
goodindicatorforMICSindialysispatients[11],[31]. Kaizu
et al. suggested that IL-6 are significantly associated
with malnutrition [20]. Several studies have revealed
that MIS could describe the severity of inflammatory
malnutrition syndrome in hemodialysis patients, where
the higher the MIS, the more severe the degree of
malnutrition and inflammation [13], [32], [47]. Rambod
et al. revealed that when MIS is compared to other
nutritional inflammatory markers, MIS is the suitable
inflammatory marker and can replace IL-6 or CRP [11].

The limitation of this study was that the
IL-6 examination was carried out on all CKD
patients without distinguishing the membrane of the
hemodialysis machine (conventional hemodialysis or
hemodiafiltration). Further research is needed in the
form of control case studies to compare IL-6, ADMA,
and MIS in the control group and hemodialysis CKD
patients.

Conclusion

There was a significant correlation between
IL-6, MIS and ADMA. In addition, MIS, which is easily
calculated, may serve as a practical tool to assess
inflammatory malnutrition status and early prevention of
malnutrition. Increasing IL-6 because of hemodialysis
and non-hemodialysis procedure is associated with
the progression of CKD, and it could be speculated to
inhibit the production of IL-6 whether with TPE or using
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biocompatible membrane (Polysulfon) and exchange of
conventionalto ultrapure dialysis fluid toreduce the levels
of IL-6. In addition, using a high permeable membrane

or
the

hemofiltration and hemodiafiltration techniques,
use glucose-free dialysate, avoiding the reuse of

dialyzers and intradialytic vitamin supplementation

are

alternative methods to improve nutritional status

of CKD HD patient. Otherwise, anti-IL-6 monoclonal
antibodies has been effective in rheumatoid patient
as reducing the acute phase protein and therefore it is
possible to do conduct more studies to determine the
effect of anti-IL-6 monoclonal antibodies to improve the
malnutrition related to inflammatory in CKD HD patient.
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