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KEYWORDS Abstract

MIS; Background and aim: Malnutrition and inflammation commonly occur concomitantly among
Hemodialysis; hemodialysis patients. Malnutrition inflammation score (MIS) is a tool that helps clinical and
Malnutrition; nutritional evaluation of patients regardless of age. This study aimed to determine the best
Inflammation; approach by comparing different tools/indices to evaluate the malnutrition and inflammation
Chronic kidney status of patients having hemodialysis treatment regarding their age and to examine the clinical
diseases benefits and consistency of MIS with other malnutrition tools.

Methods: The study was conducted with a sample of 140 hemodialysis patients (70 adults and
70 elderly patients). The biochemical data of the patients were retrospectively obtained, and
the research dietitian conducted the anthropometric measures. In addition to MIS, 7 point-SGA
(7p-SGA), Nutrition Risk Index (NRI) for adults, and Mini Nutritional Assessment (MNA), Geriatric
Nutritional Risk Index (GNRI) for elderly patients were used. The model’s discriminatory power
was examined by receiver operating characteristics curve analysis.

Results: Patients who were ‘‘at-risk’’ according to MIS had significantly lower scores of 7p-SGA
and NRI than those who had ‘‘no risk’’ (p<0.001). Moreover, those who are ‘‘at-risk’’ have
significantly lower MNA scores than those who are not (p=0.002). Among adult patients, MIS
displayed lower sensitivity but higher specificity with NRI than 7p-SGA. However, for elderly
patients, MIS showed fair sensitivity and specificity with MNA but the highest sensitivity with
GNRI.

Conclusion: Although different screening tools are available to screen malnutrition among dial-
ysis patients regarding their age, MIS might be more clincally useful as it is more susceptible to
assess both malnutrition and inflammation that occur concomitantly.
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Introduction

Consistencia de MIS con otras pruebas de deteccion de desnutricion herramientas
entre pacientes adultos y ancianos en hemodialisis

Resumen

Introduccién: La desnutricion y la inflamacion cominmente ocurren concomitantemente entre
los pacientes de hemodialisis. El Malnutrition Inflammation Score (MIS) es una herramienta
que ayuda a la evaluacion clinica y nutricional de los pacientes sin importar la edad. Por lo
tanto, este estudio tuvo como objetivo determinar el mejor enfoque comparando diferentes
herramientas/indices para evaluar el estado de desnutricion e inflamacion de los pacientes en
tratamiento de hemodialisis con respecto a su edad y examinar la consistencia de MIS con otras
herramientas de desnutricion.

Material y métodos: El estudio se realizd con 140 pacientes (70 adultos y 70 ancianos) en
hemodialisis. Los datos bioquimicos de los pacientes se obtuvieron retrospectivamente de
los registros mas recientes y la dietista investigadora realizé las medidas antropométricas.
Ademas de MIS, se utilizaron siete puntos SGA (7p-SGA), Nutrition Risk Index (NRI) para adultos
y Mini Nutritional Assessment (MNA), Geriatric Nutritional Risk Index (GNRI) para ancianos. ELl
poder discriminatorio del modelo se examind mediante el analisis de la curva de caracteristicas
operativas del receptor.

Resultados: Los pacientes que fueron diagnosticados como «en riesgo» por MIS tenian puntua-
ciones significativamente mas bajas de 7p-SGA y NRI que aquellos que tenian «ningln riesgo»
(p<0,001). De acuerdo con la clasificacion MIS, aquellos que estan «en riesgo» tienen puntajes
MNA significativamente mas bajos que aquellos que no lo estan (p=0.002). Entre los pacientes
adultos, MIS mostré menor sensibilidad, pero mayor especificidad con NRI que con 7p-SGA. Sin
embargo, para los ancianos, MIS mostré sensibilidad y especificidad aceptables con MNA, pero
la sensibilidad mas alta con GNRI.

Conclusion: Si bien existen diferentes herramientas de deteccion disponibles para evaluar la
desnutricion entre los pacientes de dialisis con respecto a su edad, el MIS puede ser mas prac-
tico, ya que es mas susceptible de evaluar tanto a la desnutricion como a la inflamacion que
ocurren de manera concomitante.

© 2022 FECA. Publicado por Elsevier Espana, S.L.U. Todos los derechos reservados.

factors causing inadequate food and protein intake resul-
ting in malnutrition.> Besides these, other physiological
effects, including decreased prealbumin, transferrin lev-

Chronic kidney disease (CKD), which is manifested by irre-
versible outcomes of kidneys, is a common disease with
high morbidity and mortality, lowering the quality of life
and costing a high economic burden. As a temporary
treatment method, dialysis based on regulating the fluid
and solute exchange may replace an average of 10% of
kidney functions." However, the treatment itself is the
primary contributing factor that increases inflammation
and malnutrition, highly prevalent among patients treating
hemodialysis (HD).?> Half of the studies included in a recent
global meta-analysis reported a prevalence of malnutrition
of approximately 43% or higher, as determined by the sub-
jective global assessment (SGA) or the malnutrition inflam-
mation score (MIS) among patients with hemodialysis.*

In patients with CKD, low-grade chronic inflamma-
tion due to decreased renal clearance (leading to more
cytokine uptake) and uremia leads to endothelial dysfunc-
tion, osteoporosis, metabolic imbalance, deterioration of
the immune system, and nutritional disorders exacerbate
the CKD progress and protein-energy wasting. In addition
to the catabolic effects of dialysis and many uremia-
related symptoms, loss of appetite, nausea, and drugs
that impair nutrient absorption, comorbidities are the main

els, and other visceral proteins in the serum, accompany
inflammation.*°

Uncontrolled and persistent inflammation is harmful and
is associated with poorer outcomes such as lower quality
of life, higher risk of cardiovascular disease, and all-
cause mortality.” Besides, protein-energy malnutrition and
inflammation commonly occur concomitantly’ and form a
malnutrition-inflammation complex (MIC) condition. Thus,
it is imperative to evaluate patients’ nutritional and inflam-
mation status with CKD for the effectiveness of treatment;
however, there is no single diagnostic gold standard tool
or method.? Therefore, the screening tools for malnutrition
should include multiple parameters by asking the anthropo-
metric measurements, serum levels of specific metabolites,
functional capacity, and appetite status of the patients, and
are recommended to be selected by considering the speci-
ficities related to the CKD.2 Furthermore, since malnutrition
is a multifactorial outcome depending on the type and prog-
nosis of the disease, evaluating it from a single perspective
would not be sufficient.

In addition to other malnutrition screening tools, includ-
ing 7point- SGA (7p-SGA),° Nutritional Risk Index (NRI),"
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Mini Nutritional Assessment (MNA),° and Geriatric Nutri-
tional Risk Index (GNRI)*; MIS is a kind of a tool that
helps clinical and nutritional evaluation of patients receiv-
ing dialysis treatment regardless of age.'"'? However, in
most studies with dialysis patients, the SGA and MIS dis-
played a higher association with malnutrition and mortality
rates.” Thus, the European Society for Clinical Nutrition
and Metabolism (ESPEN) guidelines, the French National
Nutrition Santé Program, and Kidney Disease Outcome Qual-
ity Initiative (KDOQI) recommend using condition-specific
screening tools to assess malnutrition and inflammation
among patients with CKD."

Therefore, this study aimed to determine the best
approach by comparing different tools/indices to evaluate
the malnutrition and inflammation status of patients having
hemodialysis treatment regarding their age and to examine
the consistency of MIS with other malnutrition tools.

Material and methods

Study design and participants

This observational cross-sectional study was conducted with
140 elderly HD patients (70 of them elderly patients) treated
in the dialysis center of a private hospital in Istanbul
between March and June 2021. The elderly patients group
was considered as patients with age >65 years old, and
adults to <65. After the ethical approval from the obser-
vational research ethical board of the institute, and the
informed consent, only volunteered patients who were able
to answer the questions and did not have cancer or any other
fatal condition were enrolled in the study.

Measures

All data was collected via face-to-face interview methods by
the researcher, using a questionnaire consisting of 2 main
parts: anthropometric measurements & biochemical data
and malnutrition screening.

Anthropometric measurements & biochemical data
Firstly, the data collection process took place between Octo-
ber 2020 and March 2021 and the biochemical data of the
patients were reported up to 1 month before the interview.
Next, this study took age-related cutoff points for serum
albumin and serum creatinine. Following that, all demo-
graphic data were collected, and participants were grouped
regarding their ages.

Secondly, after HD treatment in both adult and elderly
patients groups, specific anthropometric measurements
were taken into account for CKD patients’ hydration sta-
tus (fluid-electrolyte balance may be variable)."" Finally, dry
weight was used as body weight. According to the criteria of
the International Society of Renal Nutrition and Metabolism
(ISRNM), a body mass index (BMI)<23kg/m? is considered
underweight for this study.’ Furthermore, the conicity
index calculated by using the formula: —0.109 — 1 x waist
circumference (m) x (weight [kg]/height [m]) — 1/2. There-
fore, all anthropometric measures (height, weight, waist
and hip circumferences, lean body mass) were conducted
by the research dietitian.

In this study, an
(kg)=0.34*Serum creatinine
women; 0 if men)+0.30*weight (kg)+0.67*height
(inch) —0.23*URR (URR, urea reduction ratio)—5.75)
was used to determine the lean body mass (LBM) of HD
patients without using dual energy X-ray absorptiometry.'®

equation (Estimated LBM
(mg/dl) +5.58*sex (1 if

Malnutrition screening tools
Malnutrition inflammation score (MIS), which was developed
by Kalantar-Zadeh et al. (2001) by revising the SGA, was used
to assess all patients’ malnutrition and inflammation status
study.'® It was created as a comprehensive scoring system
with significant associations with inflammation, malnutri-
tion, anemia, and possible hospitalization and mortality in
HD patients. The increase in the score indicates the sever-
ity of malnutrition. The MIS cut-off value was determined
as >6.5, which was determined as a high risk of mortal-
ity in the results of a previous study, indicating a higher
risk of malnutrition.'”” Additionally, the 7p-SGA, which was
developed by expanding the conventional SGA by Churchill
et al.,'® was used for the adult group in this study. The
mean scores between 1 and 2 were classified as severe mal-
nutrition, 3-5 as mild-moderate malnutrition, and 6-7 as
well-nourished.'® Furthermore, the NRI was calculated for
adult patients, and the risk was classified accordingly: 100 no
malnutrition, 97.5-100 mild malnutrition, 83.5-97.5 moder-
ate malnutrition, <83.5 severe malnutrition.Z°

The MNA form was used to assess the malnutrition status
of elderly patients and were evaluated as follows: 24-30
normal nutritional status, 17-23.5 at risk of malnutrition,
<17 malnourished.?" Additionally, the GNRI was calculated
for elderly patients with the reference values of; <82 severe
risk, >82 to <92 moderate risk, >92 to <98 low risk, >98 no
risk.?

Statistical analysis

All statistical tests were conducted via the Statistical
Package for the Social Sciences (SPSS) software pack-
age program. Continuous variables were indicated as
mean =+ standard deviation (SD), and nominal variables were
shown as frequency (%). The results were considered sta-
tistically significant for the 95% confidence interval and
p<0.05 in all analyses. Parametric tests were used for
further analysis since it was determined that the quan-
titative data conformed to the normal distribution with
the Kolmogorov-Smirnov test. The model’s discriminatory
power in predicting malnutrition of screening tools and the
sensitivity and specificity of MIS compared to other tools
was examined by receiver operating characteristics (ROC)
curve analysis. Values with a margin of error below 5% of
the area under the curve (AUC) were interpreted as statis-
tically significant for the diagnostic value of the test. The
confidence interval for all analyze was 95%, and the results
were considered statistically significant for p <0.05.

Results

All data were interpreted in two groups: adults (n=70) and
elderly patients (n=70), however sex differences were pre-
sented in the supplementary materials (Table A) regarding
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Table 1  Anthropometric measurements and biochemical parameters of patients of two age groups regarding MIS.
Overall Malnutrition inflammation score
At risk (>6.5) No risk (<6.5) Sig.
Mean +SD (range) Mean £ SD (range) Mean + SD (range) p

Adults
Body mass index (kg/m?) 26.9 + 5.2 (18.4-41.8) 25.7 + 5.4 (18.4-41.8) 28.4 + 4.6 (21.6-37.5) 0.021
Mid-upper arm cir. (cm) 28.8 + 3.5 (20-36) 28.1 + 3 (20-33) 29.7 + 3.8 (20-36) 0.088
Waist cir. (cm) 99.4 + 15.3 (50-129) 97 + 14.7 (60-120) 102.6 + 15.7 (50-129) 0.100
Hip cir. (cm) 104.2 + 9.2 (81-126) 102.4 + 8.7 (87-125) 106.7 &+ 9.5 (81-126) 0.051
Waist-to-hip ratio 0.9 + 0.1 (0.4-1.1) 0.9 + 0.1 (0.6-1.1) 0.9 + 0.1 (0.4-1) 0.222
Conicity index 1.3 £ 0.1 (0.7-1.7) 1.3 +£0.13 (1-1.7) 1.3 £ 0.2 (0.7-1.6) 1.000
Lean body mass (kg) 46.6 + 6.1 (35-63.3) 44.7 + 5.6 (35-57) 49.2 + 5.8 (41.1-63.3)  0.006
Serum albumin (g/dL) 3.5+ 0.3 (2.2-4.1) 3.4 +£ 0.4 (2.2-4) 3.7 £ 0.3 (2.9-4.1) 0.000
Serum creatinine-pre (mg/dL) 9.0 + 2.3 (4.6-14.3) 8.9 +£ 2.1 (5.1-14.3) 9.4 + 2.6 (4.6-13.7) 0.377
Serum creatinine-post (mg/dL) 3.0 £ 1.0 (1.3-5.7) 2.8 + 0.9 (1.3-4.9) 3.4+1.2(1.6-5.7) 0.011
URR 73.3 + 5.5 (62-8) 74.7 + 5.5 (63.5-86) 71.5 + 5.3 (62-80) 0.019
TIBC 183.8 + 43.8 (61-320) 164.4 + 39.5 (61-262) 209.7 + 35.5 (140-320)  0.000

Elderly patients
Body mass index (kg/m?) 25.9 + 5.1 (16.3-40.6) 25.7 + 5.4 (16.3-40.6) 26.3 + 4.7 (19.8-37.7) 0.617
Mid-upper arm cir. (cm) 28.3 + 4.5 (17-40) 27.8 + 4.9 (17-40) 29.4 + 3.5 (23-36) 0.162
Waist cir. (cm) 103.4 £+ 14.6 (57-140) 102.9 + 16.1 (57-140) 104.3 + 11.2 (84-126) 0.595
Hip cir. (cm) 103.4 + 14.2 (56-139) 101.7 £ 15 (56-131) 106.6 + 1 (86-139) 0.290
Waist-to-hip ratio 1+ 0.1(0.7-1.5) 1.0 £ 0.1 (0.7-1.5) 0.9 + 0.1 (0.8-1.1) 0.240
Conicity index 1.4 £ 0.1 (0.9-1.8) 1.4 +£0.13 (0.9-1.8) 1.4 £ 0.1 (1.3-1.7) 0.156
Lean body mass (kg) 44.4 + 5.8 (32.3-57.4) 44 £ 6 (34.7-54.4) 45.3 £ 5.3 (34.7-54.4)  0.345
Serum albumin (g/dL) 3.4 £ 0.3 (2.4-4.1) 3.4+ 0.4 (2.4-4) 3.6 £ 0.3 (3-4.1) 0.005
Serum creatinine-pre (mg/dL) 7.6 + 2.0 (3.3-12.8) 7.5 + 1.8 (4.2-12) 7.8 + 2.6 (3.3-12.8) 0.575
Serum creatinine-post (mg/dL) 2.3 +£0.7 (1.2-4.8) 2.3 + 0.6 (1.2-3.9) 2.5+ 0.9 (1.3-4.8) 0.330
URR 75.6 + 4.9 (64-89) 75.9 + 4.5 (64.5-89) 75.2 + 5.7 (64-85) 0.551
TIBC 181.3 £ 36.9 (69-285) 176 + 38.6 (69-285) 192.3 £+ 31.4 (110-247)  0.085

SD: standard deviation; kg: kilogram; m: meter; cm: centimeter; g: gram; dL: deciliter; mg: milligram; URR: urea reduction ratio; TIBC;

total iron binding capacity.

MIS and other malnutrition screening tools. Moreover, the
discriminatory capacity of the model also was presented in
the supplementary materials (Table B).

The mean age of the adults was 56.1 + 6.9, while it was
73.6 £6.5 for the elderly patients (data not presented).
41.4% of the adult patients were women, 82.9% were mar-
ried, while the rates were 62.9% and 78.6% for elderly
patients and adult patients, respectively. The mean dial-
ysis duration of all patients was 9.3 +8.5 years (data not
presented).

All anthropometric and biochemical parameters of adults
and elderly patients were displayed in Table 1. The mean
BMI, MUAC, and hip circumference of adults were as follows
26.94+5.2kg/m?, 28.8 +£3.5cm, 104.2 +9.2, respectively.

According to the MIS classification, adults who are ‘‘at
risk’> of malnutrition had significantly lower BMI and lean
body mass than those without risk (p<0.05). Apart from
these, no significant difference was found between the
groups in other anthropometric measurements (p>0.05).
Similarly, no significant difference was observed in the
anthropometric measurements of elderly patients who were
‘‘at risk’” and had ‘‘no risk’’ (p>0.05).

All biochemical parameters except URR were observed
to be slightly higher among the adult group than in the
elderly patients group (Table 1). In addition, those adults

VAl

‘*at risk’’ of malnutrition have significantly lower serum
albumin, post-dialysis serum creatinine, and TIBC than those
had ‘‘no risk’’ (p<0.05). However, although other param-
eters were slightly lower in the elderly patients group of
those ‘‘at risk’’ of malnutrition, only serum albumin was
significantly lower compared to those ‘‘no risk’’ (p <0.05).

The malnutrition scores of the participants are shown in
Table 2. Accordingly, MIS scores of both adults (7.2 +3.3)
and elderly patients (8.6 +4.2) were higher than the consid-
ered cutoff point (6.5). However, elderly patients had higher
scores by MIS than adults indicating a higher risk of mal-
nutrition. Furthermore, adults’ overall mean 7p-SGA score
was 6.3 + 0.5 with a range of 5.1-7, and the mean NRI score
was 102.1+11.5 (78.9-124). Those who were identified as
“‘at risk’’ regarding MIS had significantly lower scores of 7p-
SGA and NRI than those who had ‘‘no risk’’ (p<0.001). It
was observed that the mean MNA score is 22.1 +3.7 with a
range of 10.5-28.5 in elderly patients, and those who are
‘‘at risk’’ according to MIS classification have significantly
lower scores than those who are not (p<0.001). Although
the elderly patients who were determined to be ‘‘at risk’’
according to MIS had the lowest mean GNRI score compared
to those who were not at risk and the mean of the whole
group, this difference was not significant (p>0.05). More-
over, malnutrition risk classification estimated via different
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Table 2 Malnutrition scores of patients of two age groups regarding MIS.

Overall Malnutrition inflammation score
At risk (>6.5) No risk (<6.5) Sig.
Mean £ SD (range) Mean £ SD (range) Mean = SD (range) p

Adults

MIS 7.2 + 3.3 (1-15) - - -

7p-SGA 6.3 +£ 0.5 (5.1-7) 6.1 + 0.5 (5.1-7) 6.7 £ 0.3 (5.8-7) <0.001

NRI 102.1 £ 11.5 (78.9-124) 98 + 11 (78.9-122.8) 107.5 + 10 (83.3-124) 0.001
Elderly patients

MIS 8.6 + 4.2 (3-27) - - -

MNA 22.1 £+ 3.7 (10.5-28.5) 21.2 £+ 3.3 (11.5-26) 24 + 3.8 (10.5-28.5) 0.002

GNRI 100.5 £+ 11.3 (71-127.6) 99 + 12.5 (71-127.6) 103.7 £ 7.6 (92.7-122) 0.101

SD: standard deviation; MIS: malnutrition inflammation score; 7p-SGA: 7 points subjective global assessment; NRI: nutritional risk index;
MNA: mini nutritional assessment; GNRI: geriatric nutritional risk index.

Table 3  Malnutrition risk classification of patients of two age groups regarding MIS.

Overall Malnutrition inflammation score
At risk (>6.5) No risk (<6.5) p
n % n % n %
Adult
7-p SGA
Well-nourished 53 75.7 24 45.3 29 54.7 0.001
Mild or moderate or severe malnutrition 17 24.3 16 94.1 1 5.9 <>
NRI
No malnutrition 39 55.7 15 38.5 24 61.5 0.002
Mild or moderate or severe malnutrition 31 44.3 25 80.6 6 19.4 :
Elderly patients
MNA
Normal 20 28.5 8 40 12 60 0.009
Risk for malnutrition or malnutrition 50 71.5 39 78 11 22 :
GNRI
No risk 43 61.4 26 60.5 17 39.5 0.121
Low or moderate or severe malnutrition risk 27 38.5 21 77.8 6 22.2 :

7p-SGA: 7 points subjective global assessment; NRI: nutritional risk index; MNA: mini nutritional assessment; GNRI: geriatric nutritional

risk index.

tools were compared regarding MIS classification, shown in
Table 3. Accordingly, none of the adult patients were diag-
nosed with ‘‘severe malnutrition’’ according to the 7p-SGA
results, and 75.7% of them reported *‘well-nourished.’’ Fur-
thermore, 94.1% of those diagnosed with ‘‘mild or moderate
malnutrition’’ on the 7p-SGA were identified as ‘‘at-risk’’
of malnutrition by MIS (p <0.05), indicating high sensitivity.
Besides, the NRI classified 44.3% of the adult patients as hav-
ing different levels of malnutrition, and 80.6% of them were
reported as ‘‘at risk’’ by MIS (p <0.05). Thus, MIS displayed
lower sensitivity with NRI than 7p-SGA, but the specificity
was higher.

According to the MNA, only 28.5% of elderly patients
are classified as ‘‘normal,’’ and the rest are diagnosed
as at risk or malnourished. MIS, which classified 78% of
elderly patients as ‘‘at-risk’’ who was identified at *‘risk for

72

malnutrition’’ or ‘‘malnutrition’’ by MNA, showed fair sen-
sitivity and specificity with MNA (p <0.05). Moreover, only
38.5% of elderly patients were identified as having different
levels of malnutrition by GNRI (p>0.05). While the sensi-
tivity was good, the MIS showed low specificity with GNRI.

Therefore, the current study assessed MIS’s consistency,
specificity, and sensitivity compared to the 7p-SGA, NRI,
MNA, and GNRI in CKD patients. Accordingly, the 7p-SGA test
showed strong discriminating power among adult patients,
while the NRI has an acceptable discriminatory power
(AUC=0.917, AUC=0.763, p<0.001, respectively). On the
other hand, in predicting malnutrition status regarding AUC
values by ROC analysis based on the MIS result in elderly
patients; the GNRI has strong discriminatory power, and the
MNA has an acceptable discriminating power (AUC=0.848,
AUC=0.776, p<0.001, respectively) (Fig. 1).
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Figure 1 ROC analysis for malnutrition screening tools based
on MIS for the adult and elderly group. ROC: receiver operating
characteristics; MIS: malnutrition inflammation score.

Discussion

The study was conducted to compare and assess the con-
sistency of MIS with other malnutrition screening tools,
and anthropometry was used explicitly in 70 adults and 70
elderly patients receiving HD treatment.

In this study, body weight and BMI are considered the
early signs of malnutrition.?* As expected, all measures were
observed to be slightly higher among those with no malnu-
trition risk. The KDOQI noted that using BMI in CKD patients
would be better for mortality by making age-related com-
parisons, although the evidence is still limited.?* In line with
the literature,?” most participants in both adult and elderly
patients groups were not underweight in this study. Studies
have shown a significant negative relationship between MIS
and BMI, showing generally similar results to our research;
however, this was not valid for the elderly patients group in
our study.®?'

Contrary to this, a negative statistically significant result
was found between MIS, MUAC, and LBM in a large-scale
cohort study.?® Furthermore, the overall mean MUAC of
the patients was in the ideal percentile, similar to the
literature.?>?” Another study reported that mean MUAC
measurements were lower in HD patients than in the healthy
population, and they highlighted that the risk of mortality
increases as the MUAC decreases.’® Abdominal fat, mea-
sured as waist circumference or WHR, independently of
overall adiposity, is a more important predictor of CKD and
cardiovascular risk in adults than BMI.?° In this study, the
abdominal adiposity of the patients was also assessed via
the conicity index. Similar to our findings, Cordeiro et al.
reported the mean conicity index value was 1.42+0.12
among HD patients.’® Another study using the same esti-
mation formula as ours found the mean eLBM value of HD
patients to be higher than our findings.?® It should be noted
that regardless of age, the type of HD treatment, insufficient
food consumption, inactivity, and absorption disorders may
cause a decrease in muscle mass, resulting in an increased
risk of malnutrition among patients having HD.

In the present study, different malnutrition screening
tools were used to assess the risk of malnutrition among
patients with CKD, have HD treatment, and interpret the MIS
classification findings. Accordingly, although elderly patients
were found to be at higher risk of malnutrition than adult
patients regarding MIS, over half of the adult patients were
at risk, which is considerably higher. The different cutoff
values of MIS present differences in the malnutrition risk
rates. A study in which the MIS cutoff point was accepted
(>7) higher than ours reported higher malnutrition preva-
lence with 85.7%, as expected.?' The 7p-SGA was used for
adult patients in this study because it has been reported
to reflect more time-sensitive responses to dietary changes
compared to conventional SGA." A slightly higher mean
7p-SGA score among adults was observed in this present
study compared to other studies across different population
groups.?” '3 However, this study reported consistent results
with studies reporting a malnutrition prevalence ranging
from 14.5 to 26.7 in the literature.?>2* A study conducted in
Turkey with HD patients reported lower NRI scores than our
findings.”” Moreover, in another study, 71.6% of the COVID
patients were diagnosed with malnutrition,'® higher than the
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prevalence determined by NRI. Besides all these findings,
according to ROC analysis, 7p-SGA and NRI had diagnostic
power, but 7p-SGA was quite high for adult patients. Thus,
MIS showed higher sensitivity with 7p-SGA than with NRI,
as expected since MIS and 7p-SGA were adapted from the
original SGA to identify malnourished patients in CKD.?
This current study reported similar scores and preva-
lences to other studies in which malnutrition was diagnosed
using MNA in patients with end-stage renal disease® and
COVID disease.'3? Contrary to this, another study reported
a lower prevalence than our findings.® Furthermore, various
studies conducted by different population groups reported
a malnutrition prevalence by GNRI between 5.6% and
52.7%,%819:32 consistent with our findings. Moreover, Yamada
et al. reported that the GNRI had the largest area for the
bottom of the curve compared to the MNA, similar to our
findings.3* Studies indicate that many health risks are trig-
gered by the decrease of GNRI in patients with HD.3213.22
In addition to these, GNRI was found to be more consistent
with MIS, which displayed higher sensitivity with GNRI than
MNA among elderly patients, in line with the literature.

Conclusion

In conclusion, using MIS as a screening tool to diag-
nose malnutrition would be practical and accurate as
it showed higher sensitivity and had the highest consis-
tency with 7p-SGA for adults and GNRI for the elderly
patients. Furthermore, since dialysis patients have diffi-
culties providing anthropometric measurement conditions
after disease-specific treatment, those indices can be facil-
itated by developing different formulas or various screening
tools to diagnose malnutrition. Besides, considering the
ease of use, low cost, and good ability to predict mortal-
ity and morbidity-related outcomes, nutritional screening
tools may contribute to preventing worsening disease and
improving the progress of treatment by early diagnosis of
patients with nutritional risks. Although different screen-
ing tools are available to screen malnutrition among dialysis
patients regarding their age, MIS may be more practical as
it is more susceptible to both malnutrition and inflammation
that occur concomitantly. However, there is still no standard
cutoff point for MIS to classify malnutrition levels, differ-
ent cut-off values should furtherly be evaluated regarding
the specificity and sensitivity of the tool. Therefore, fur-
ther studies of various nutritional screening tools specific
to different age groups would be beneficial to measure the
effectiveness of the scales.

Authors’ contributions

Both authors contributed equally to the conception and
design of the study and writing the manuscript. The first
author gathered the data, contributed to interpreting the
results, and wrote and revised the manuscript. The second
author performed the statistical analysis and contributed
to interpreting the results, and revised the manuscript.
All authors accept full responsibility for all aspects of the
research. The manuscript is not under review elsewhere,
and we can provide all original data.

Funding

This research did not receive any specific grant from funding
agencies in the public, commercial, or not-for-profit sectors.

Competing interest

The authors declared no potential conflict of interest. All
authors affirm the honesty, transparency, and accuracy of
this manuscript.

Appendix A. Supplementary data

Supplementary data associated with this article can
be found, in the online version, at doi:10.1016/
j.jhqr.2022.09.002

References

1. Tandukar S, Palevsky PM. Continuous renal replacement ther-
apy: who, when, why, and how. Chest. 2019;155:626-38,
http://dx.doi.org/10.1016/j.chest.2018.09.004.

2. Avesani CM, Sabatino A, Guerra A, Rodrigues J, Carrero JJ, Rossi
GM, et al. A comparative analysis of nutritional assessment using
global leadership initiative on malnutrition versus subjective
global assessment and malnutrition inflammation score in main-
tenance hemodialysis patients. J Ren Nutr. 2022;32:476-82,
http://dx.doi.org/10.1053/j.jrn.2021.06.008.

3. Tsuneyoshi S, Matsukuma Y, Kawai Y, Hiyamuta H, Yamada S,
Kitamura H, et al. Association between geriatric nutritional risk
index and stroke risk in hemodialysis patients: 10-years out-
come of the Q-Cohort study. Atherosclerosis. 2021;323:30-6,
http://dx.doi.org/10.1016/j.atherosclerosis.2021.03.006.

4. Carrero JJ, Thomas F, Nagy K, Arogundade F, Avesani
CM, Chan M, et al. Global prevalence of protein-energy
wasting in kidney disease: a meta-analysis of contempo-
rary observational studies from the international society
of renal nutrition and metabolism. J Ren Nutr. 2018;28,
http://dx.doi.org/10.1053/j.jrn.2018.08.006.

5. Oliveira GTC, Andrade EIG, de Assis Acurcio F, Cher-
chiglia ML, Correia MITD. Nutritional assessment of patients
undergoing hemodialysis at dialysis centers in Belo Hor-
izonte, MG, Brazil. Rev Assoc Med Bras. 2012;58:240-7,
http://dx.doi.org/10.1590/50104-42302012000200022.

6. Holvoet E, Wyngaert KV, Van Craenenbroeck AH, Van Biesen
W, Eloot S. The screening score of Mini Nutritional Assessment
(MNA) is a useful routine screening tool for malnutrition risk
in patients on maintenance dialysis. PLOS ONE. 2020;15:1-13,
http://dx.doi.org/10.1371/journal.pone.0229722.

7. Kanda E, Lopes MB, Tsuruya K, Hirakata H, Iseki K,
Karaboyaset A, et al. The combination of malnutrition-
inflammation and functional status limitations is associated
with mortality in hemodialysis patients. Sci Rep. 2021;11:1-8,
http://dx.doi.org/10.1038/s41598-020-80716-0.

8. Arshad AR, Jamal S, Amanullah K. Agreement between two
nutritional assessment scores as markers of malnutrition
in patients with end-stage renal disease. Cureus. 2020;12,
http://dx.doi.org/10.7759/cureus.7429.

9. Ramayana |, Nasution AT, Lubis AR. Relationship between 7-
point subjective global assessment with phase angle and quality
of life in chronic kidney disease patients with regular hemodial-
ysis. Int J Sci Eng Res. 2018;9:1684-701.

10. Liu G, Zhang S, Mao Z, Wang W, Hu H. Clinical sig-
nificance of nutritional risk screening for older adult

74


http://dx.doi.org/10.1016/j.jhqr.2022.09.002
http://dx.doi.org/10.1016/j.jhqr.2022.09.002
dx.doi.org/10.1016/j.chest.2018.09.004
dx.doi.org/10.1053/j.jrn.2021.06.008
dx.doi.org/10.1016/j.atherosclerosis.2021.03.006
dx.doi.org/10.1053/j.jrn.2018.08.006
dx.doi.org/10.1590/S0104-42302012000200022
dx.doi.org/10.1371/journal.pone.0229722
dx.doi.org/10.1038/s41598-020-80716-0
dx.doi.org/10.7759/cureus.7429
http://refhub.elsevier.com/S2603-6479(22)00076-8/sbref0210
http://refhub.elsevier.com/S2603-6479(22)00076-8/sbref0210
http://refhub.elsevier.com/S2603-6479(22)00076-8/sbref0210
http://refhub.elsevier.com/S2603-6479(22)00076-8/sbref0210
http://refhub.elsevier.com/S2603-6479(22)00076-8/sbref0210
http://refhub.elsevier.com/S2603-6479(22)00076-8/sbref0210
http://refhub.elsevier.com/S2603-6479(22)00076-8/sbref0210
http://refhub.elsevier.com/S2603-6479(22)00076-8/sbref0210
http://refhub.elsevier.com/S2603-6479(22)00076-8/sbref0210
http://refhub.elsevier.com/S2603-6479(22)00076-8/sbref0210
http://refhub.elsevier.com/S2603-6479(22)00076-8/sbref0210
http://refhub.elsevier.com/S2603-6479(22)00076-8/sbref0210
http://refhub.elsevier.com/S2603-6479(22)00076-8/sbref0210
http://refhub.elsevier.com/S2603-6479(22)00076-8/sbref0210
http://refhub.elsevier.com/S2603-6479(22)00076-8/sbref0210
http://refhub.elsevier.com/S2603-6479(22)00076-8/sbref0210
http://refhub.elsevier.com/S2603-6479(22)00076-8/sbref0210
http://refhub.elsevier.com/S2603-6479(22)00076-8/sbref0210
http://refhub.elsevier.com/S2603-6479(22)00076-8/sbref0210
http://refhub.elsevier.com/S2603-6479(22)00076-8/sbref0210
http://refhub.elsevier.com/S2603-6479(22)00076-8/sbref0210
http://refhub.elsevier.com/S2603-6479(22)00076-8/sbref0210
http://refhub.elsevier.com/S2603-6479(22)00076-8/sbref0210
http://refhub.elsevier.com/S2603-6479(22)00076-8/sbref0210
http://refhub.elsevier.com/S2603-6479(22)00076-8/sbref0210
http://refhub.elsevier.com/S2603-6479(22)00076-8/sbref0210
http://refhub.elsevier.com/S2603-6479(22)00076-8/sbref0210
http://refhub.elsevier.com/S2603-6479(22)00076-8/sbref0210
http://refhub.elsevier.com/S2603-6479(22)00076-8/sbref0210
http://refhub.elsevier.com/S2603-6479(22)00076-8/sbref0210
http://refhub.elsevier.com/S2603-6479(22)00076-8/sbref0210
http://refhub.elsevier.com/S2603-6479(22)00076-8/sbref0210
http://refhub.elsevier.com/S2603-6479(22)00076-8/sbref0210
http://refhub.elsevier.com/S2603-6479(22)00076-8/sbref0210
http://refhub.elsevier.com/S2603-6479(22)00076-8/sbref0210
http://refhub.elsevier.com/S2603-6479(22)00076-8/sbref0210
http://refhub.elsevier.com/S2603-6479(22)00076-8/sbref0210
http://refhub.elsevier.com/S2603-6479(22)00076-8/sbref0210
http://refhub.elsevier.com/S2603-6479(22)00076-8/sbref0210
http://refhub.elsevier.com/S2603-6479(22)00076-8/sbref0210
http://refhub.elsevier.com/S2603-6479(22)00076-8/sbref0210
http://refhub.elsevier.com/S2603-6479(22)00076-8/sbref0210
http://refhub.elsevier.com/S2603-6479(22)00076-8/sbref0210

Journal of Healthcare Quality Research 38 (2023) 68-75

1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21

22.

patients with COVID-19. Eur J Clin Nutr. 2020;74:876-83,
http://dx.doi.org/10.1038/s41430-020-0659-7.

Ikizler TA, Burrowes JD, Byham-Gray LD, Campbell KL, Carrero
JJ, Chan W, et al. KDOQI clinical practice guideline for nutri-
tion in CKD: 2020 update. Am J Kidney Dis. 2020;76:51-107,
http://dx.doi.org/10.1053/j.ajkd.2020.05.006.

Xiong J, Wang M, Zhang Y, Nie L, He T, Wang Y, et al. Association
of geriatric nutritional risk index with mortality in hemodialysis
patients: a meta-analysis of cohort studies. Kidney Blood Press
Res. 2018;43:1878-89, http://dx.doi.org/10.1159/000495999.
Rodrigues J, Santin F, Brito F, dos SB, Lindholm B, Sten-

vinkel P, et al. Nutritional status of older patients
on hemodialysis: which nutritional markers can best
predict clinical outcomes? Nutrition. 2019;65:113-9,

http://dx.doi.org/10.1016/j.nut.2019.03.002.

Kanazawa Y, Nakao T, Murai S, Okada T, Matsumoto H. Diagnosis
and prevalence of protein-energy wasting and its association
with mortality in Japanese haemodialysis patients. Nephrology.
2017;22:541-7, http://dx.doi.org/10.1111/nep.12814.

Noori N, Kovesdy CP, Bross R, Lee M, Oreopoulos A, Benner D,
et al. Novel equations to estimate lean body mass in mainte-
nance hemodialysis patients. Am J Kidney Dis. 2011;57:130-9,
http://dx.doi.org/10.1053/j.ajkd.2010.10.003.
Kalantar-Zadeh K, Kopple JD, Block G, Humphreys MH.
A malnutrition-inflammation score is correlated with
morbidity and mortality in maintenance hemodial-
ysis patients. Am J Kidney Dis. 2001;38:1251-63,
http://dx.doi.org/10.1053/ajkd.2001.29222.

Kara E, Sahutoglu T, Ahbap E, Sakaci T, Ko¢ Y, Bastiirk
T, et al. The predictive value of malnutrition - inflamma-
tion score on 1-year mortality in maintenance hemodialysis
patients. Nephrol Dial Transplant. 2016;31 suppl_1:i564,
http://dx.doi.org/10.1093/ndt/gfw199.22.

Churchill D, Taylor D, Keshaviah PR. Adequacy of dialy-
sis and nutrition in continuous dialysis: association with
clinical outcomes. J Am Soc Nephrol. 1996;7:198-207,
http://dx.doi.org/10.1681/ASN.V72198.

Lim SL, Lin XH, Daniels L. Seven-point subjective
global assessment is more time sensitive than con-
ventional subjective global assessment in detecting

nutrition changes. J Parenter Enter Nutr. 2016;40:966-72,
http://dx.doi.org/10.1177/0148607115579938.

Prasad N, Sinha A, Gupta A, Bhadauria D, Manjunath R, Kaul
A, et al. Validity of nutrition risk index as a malnutrition
screening tool compared with subjective global assessment in
end-stage renal disease patients on peritoneal dialysis. Indian
J Nephrol. 2016;26, http://dx.doi.org/10.4103/0971-4065.
158449.

. Guigoz Y. The Mini Nutritional Assessment (MNA®) review of

the literature - what does it tell us? J Nutr Heal Aging.
2006;10:466-85.

Bouillanne O, Morineau G, Dupant C, Coulombel I, Vincent JP,
Nicolis I, et al. Geriatric nutritional risk index: a new index

75

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

for evaluating at-risk elderly medical patients. Am J Clin Nutr.
2005;82:777-83, http://dx.doi.org/10.1093/ajcn/82.4.777.
Gencer F, Yildiran H, Erten Y. Association of mal-
nutrition  inflammation  score  with  anthropometric
parameters, depression, and quality of life in hemodial-
ysis patients. J Am  Coll Nutr.  2019;38:457-62,
http://dx.doi.org/10.1080/07315724.2018.1550371.

Bikbov B, Purcell CA, Levey AS, Smith M, Abdoli A, Abebe
M, et al. Global, regional, and national burden of chronic
kidney disease, 1990-2017: a systematic analysis for the
Global Burden of Disease Study 2017. Lancet. 2020;395:709-33,
http://dx.doi.org/10.1016/50140-6736(20)30045-3.

Santoro D, Ingegnieri MT, Vita G, Lucisano S, Zuppardo C, Canale
V, et al. Socio-economic factors, food habits and phosphorus
levels in patients on hemodialysis. Nephrourol Mon. 2015;7,
http://dx.doi.org/10.5812/numonthly.27114.

Rambod M, Bross R, Zitterkoph J, Benner D, Pithia J, Colman
S, et al. Association of malnutrition-inflammation score with
quality of life and mortality in hemodialysis patients: a 5-year
prospective cohort study. Am J Kidney Dis. 2009;53:298-309,
http://dx.doi.org/10.1053/j.ajkd.2008.09.018.

Aydin Z, Sevim Y, Doner B, GiirSu M, Karadag S, Uzun

S, et al. Anthropometric measurements in hemodial-
ysis patients [Hemodiyaliz hastalarinda antropometrik
olcimler]. Turk Neph Dial Transpl. 2015;24:61-7,

http://dx.doi.org/10.5262/tndt.2015.100108.

Wang J, Streja E, Rhee CM, Soohoo M, Feng M, Brunelli SM,
et al. Lean body mass and survival in hemodialysis patients
and the roles of race and ethnicity. J Ren Nutr. 2016;26:26-37,
http://dx.doi.org/10.1053/j.jrn.2015.07.003.

Dumler F. Anthropometric assessment in kidney disease. In:
Burrowes JD, Kovesdy CP, Byham-Gray LD, editors. Nutrition
in kidney disease. third ed. Humans Press; 2020. p. 53-62,
http://dx.doi.org/10.1007/978-3-030-44858-5_4.

Cordeiro AC, Qureshi AR, Stenvinkel P, Heimburger O, Axelsson
J, Barany P, et al. Abdominal fat deposition is associated with
increased inflammation, protein-energy wasting and worse out-
come in patients undergoing haemodialysis. Nephrol Dial Trans-
plant. 2010;25:562-8, http://dx.doi.org/10.1093/ndt/gfp492.
Alatas H, Yildiran H, Yalgin A. Hemodiyaliz tedavisi
alan hastalarda besin alimi ile malniitrisyon inflamasyon
skoru arasindaki iliski. Cukurova Med J. 2021;46:418-29,
http://dx.doi.org/10.17826/cumj.794910.

Li T, Zhang Y, Gong C, Wang J, Liu B, Shi L, et al. Prevalence of
malnutrition and analysis of related factors in elderly patients
with COVID-19 in Wuhan, China. Eur J Clin Nutr. 2020;74:871-5,
http://dx.doi.org/10.1038/s41430-020-0642-3.

Yamada M, Arai H, Nishiguchi S, Yoshimura K, Sonoda T,
Yukutake T, et al. Chronic kidney disease (CKD) is an inde-
pendent risk factor for long-term care insurance (LTCl) need
certification among older Japanese adults: a two-year prospec-
tive cohort study. Arch Gerontol Geriatr. 2013;57:328-32,
http://dx.doi.org/10.1016/j.archger.2013.03.009.


dx.doi.org/10.1038/s41430-020-0659-7
dx.doi.org/10.1053/j.ajkd.2020.05.006
dx.doi.org/10.1159/000495999
dx.doi.org/10.1016/j.nut.2019.03.002
dx.doi.org/10.1111/nep.12814
dx.doi.org/10.1053/j.ajkd.2010.10.003
dx.doi.org/10.1053/ajkd.2001.29222
dx.doi.org/10.1093/ndt/gfw199.22
dx.doi.org/10.1681/ASN.V72198
dx.doi.org/10.1177/0148607115579938
dx.doi.org/10.4103/0971-4065.158449
dx.doi.org/10.4103/0971-4065.158449
http://refhub.elsevier.com/S2603-6479(22)00076-8/sbref0270
http://refhub.elsevier.com/S2603-6479(22)00076-8/sbref0270
http://refhub.elsevier.com/S2603-6479(22)00076-8/sbref0270
http://refhub.elsevier.com/S2603-6479(22)00076-8/sbref0270
http://refhub.elsevier.com/S2603-6479(22)00076-8/sbref0270
http://refhub.elsevier.com/S2603-6479(22)00076-8/sbref0270
http://refhub.elsevier.com/S2603-6479(22)00076-8/sbref0270
http://refhub.elsevier.com/S2603-6479(22)00076-8/sbref0270
http://refhub.elsevier.com/S2603-6479(22)00076-8/sbref0270
http://refhub.elsevier.com/S2603-6479(22)00076-8/sbref0270
http://refhub.elsevier.com/S2603-6479(22)00076-8/sbref0270
http://refhub.elsevier.com/S2603-6479(22)00076-8/sbref0270
http://refhub.elsevier.com/S2603-6479(22)00076-8/sbref0270
http://refhub.elsevier.com/S2603-6479(22)00076-8/sbref0270
http://refhub.elsevier.com/S2603-6479(22)00076-8/sbref0270
http://refhub.elsevier.com/S2603-6479(22)00076-8/sbref0270
http://refhub.elsevier.com/S2603-6479(22)00076-8/sbref0270
http://refhub.elsevier.com/S2603-6479(22)00076-8/sbref0270
http://refhub.elsevier.com/S2603-6479(22)00076-8/sbref0270
http://refhub.elsevier.com/S2603-6479(22)00076-8/sbref0270
http://refhub.elsevier.com/S2603-6479(22)00076-8/sbref0270
http://refhub.elsevier.com/S2603-6479(22)00076-8/sbref0270
http://refhub.elsevier.com/S2603-6479(22)00076-8/sbref0270
http://refhub.elsevier.com/S2603-6479(22)00076-8/sbref0270
http://refhub.elsevier.com/S2603-6479(22)00076-8/sbref0270
http://refhub.elsevier.com/S2603-6479(22)00076-8/sbref0270
http://refhub.elsevier.com/S2603-6479(22)00076-8/sbref0270
http://refhub.elsevier.com/S2603-6479(22)00076-8/sbref0270
http://refhub.elsevier.com/S2603-6479(22)00076-8/sbref0270
http://refhub.elsevier.com/S2603-6479(22)00076-8/sbref0270
http://refhub.elsevier.com/S2603-6479(22)00076-8/sbref0270
dx.doi.org/10.1093/ajcn/82.4.777
dx.doi.org/10.1080/07315724.2018.1550371
dx.doi.org/10.1016/S0140-6736(20)30045-3
dx.doi.org/10.5812/numonthly.27114
dx.doi.org/10.1053/j.ajkd.2008.09.018
dx.doi.org/10.5262/tndt.2015.100108
dx.doi.org/10.1053/j.jrn.2015.07.003
dx.doi.org/10.1007/978-3-030-44858-5_4
dx.doi.org/10.1093/ndt/gfp492
dx.doi.org/10.17826/cumj.794910
dx.doi.org/10.1038/s41430-020-0642-3
dx.doi.org/10.1016/j.archger.2013.03.009

	Consistency of MIS with other malnutrition screening tools among adult and elderly hemodialysis patients
	Introduction
	Material and methods
	Study design and participants
	Measures
	Anthropometric measurements & biochemical data
	Malnutrition screening tools

	Statistical analysis

	Results
	Discussion
	Conclusion
	Authors’ contributions
	Funding
	Competing interest
	Appendix A Supplementary data
	References


