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Abstract
Objective

At this study we aimed to investigate relationship between Malnutrition In�ammation Score (MIS), C
reactive protein /albumin ratio (CAR), albumin, CRP and other biochemical parameters at hemodialysis
patients.

Design and Methods

66 ESRD patients on maintenance hemodialysis has been recruited to the study. MIS, biochemical
parameters and CAR were analyzed.

Results

Statistically signi�cant positive correlation was found between CAR and MIS≥7 (r=0.413, p=0.026), with
CRP and MIS≥7 (r=0.388, p=0.038) and negative correlation was found with albumin and MIS (r=-0.511,
p=0.005). For MIS, CAR, albumin and CRP a multiple regression ANOVA model was conducted to examine
that relation of CAR, CRP, albumin on MIS (F=6.432, p=0.002). ANOVA model was found statistically
signi�cant (r=0.660, p=0.002). Variables CAR (p=0.003), albumin (p=0.008) and CRP(p=0.003) was found
signi�cant in the ANOVA model.

Conclusion

Our study showed �rst time in the literature that CAR is independently associated with MIS in HD patients.

Introduction
End stage renal disease (ESRD) and hemodialysis (HD) patients are characterized with chronic
in�ammatory status (1). Malnutrition is a common problem for HD patients, which its prevalence is
reported between 28–54% globally (2). In�ammation and malnutrition are both concurrent and clinically
important conditions at HD patients. Systemic in�ammation may contribute to deterioration of nutritional
status of HD patients by cytokine induced poor appetite, endotoxine and reactive oxygen species (ROS)
production and metabolic derangements, leading to malnutrition and protein energy wasting (PEW). (3).
PEW and in�ammation are both associated with disease severity and mortality at HD patients. (4).
Seemingly intertwined relationship between malnutrition and in�ammation at ESRD has led to naming of
malnutrition in�ammatory complex syndrome at literature (5). However further evidence needed in regard
to association between in�ammation and malnutrition at HD patients.

Malnutrition In�ammation Score (MIS) is a validated nutritional assessment tool for chronic kidney
disease (CKD). MIS components incorporates anthropometric measurements, biochemical data including
albumin, serum total iron binding capacity (TIBC) and components of Subjective Global Assessment
(SGA).
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C reactive protein (CRP) is an acute phase protein that has a role in in�ammatory processes. Albumin is
an important plasma protein with anti in�ammatory features. C reactive protein /albumin ratio (CAR) is a
novel in�ammation marker which is reported to associated with various conditions such as sepsis,
nasopharyngeal carcinoma and non small cell lung cancer (6–8).

At this study we aimed to investigate relationship between MIS and in�ammatory markers CAR, albumin
and CRP at hemodialysis patients.

Material And Methods
Study was conducted at Ahi Evran University Faculty of Medicine Hemodialysis Unit Kirsehir, Turkey. 66
ESRD patients on maintenance hemodialysis three times a week for at least 3 months has been recruited
to the study. All patients were receiving standard 4-hour hemodialysis with standard bicarbonate
dialysate. Informed consent was obtained from all of the participants. Patients with malignancy, active
infection, connective tissue disease, sepsis, hepatic insu�ciency and other in�ammatory diseases were
excluded from the study. Study has been approved from Ahi Evran University Faculty of Medicine
Research Ethics Committee (Decision Number 2020-19/145). The procedures followed were in accord
with the Declaration of Helsinki. All participants signed an informed consent form approved by the Ahi
Evran University Faculty of Medicine. All serum blood samples were obtained before beginning of the HD
session and blood sample analysis was carried out with standard techniques. Anthropometric
measurements were performed before the HD session. Body mass index (BMI) was calculated as body
weight (kg)/body height squared (m2).

Malnutrition in�ammation score criteria was based on Kalantar Zadeh et al. (9). MIS is consisted with 10
components including patient’s medical history, change in end dialysis dry weight, dietary intake,
gastrointestinal symptoms, functional capacity, comorbid diseases, dialysis years, physical examination,
assessment of patient’s fat store and muscle mass loss, BMI, laboratory parameters, serum albumin and
serum total iron binding capacity measurement. Each component is evaluated with four severity levels
ranging from 0 (normal) to 3 (very severe). Total score is sum of these 10 components ranging between 0
to 30. At present study malnutrition is de�ned with MIS ≥ 7 (10).

Statistical Analysis
Normally distributed numerical data are expressed as a mean ± standard deviation, appropriate statistical
tests used to �nd correlations between variables, for nonparametric variables Spearman's Correlation Test
was used, and for continuous variables Pearson's Correlations Test was used. Categorical data were
analyzed with the chi-square test. The receiver operating characteristic (ROC) curve was used to calculate
the area under the curve (AUC) and thereby identify a suitable cutoff value for MIS. For normality tests,
standardized skewness and Shapiro-Wilk tests used before multivariate analysis. Multivariate ANOVA
regression analysis was used to test the independent effects of said variables on MIS, according to the
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constructed linear model. All statistical analysis performed using SPSS for Windows (version 25.0; SPSS
Inc, USA). A P-value of < 0.05 was considered statistically signi�cant.

Results
Mean age of the participants was 56.47 ± 17,3. %42 of the patients was male. %50 of the patients had
malnutrition. 34% of the study group had heart failure, 33% had hypertension, 17% had diabetes mellitus,
%24 had coronary artery disease. Descriptive characteristics of the patients has been shown at the Table
1.

Table 1
Descriptive characteristics of the study group (N = 66)

  Mean ± Std. Deviation   Mean ± Std. Deviation

Age 56.47 ± 17.3 BMI 24 ± 5

MIS 7.8 ± 0.4 Total Protein 6.9 ± 0.6

CAR 4.21 ± 9 Ferritin 270 ± 235

Albumin 3.5 ± 0.3 Uric Acid 6.6 ± 1

CRP 13.4 ± 24.2 Serum Iron 47 ± 21

Urea 151.1 ± 36.9 TIBC 232 ± 36

Creatinine 8.59 ± 2.85 Total Cholesterol 173 ± 62

White Blood Cell 6.8 ± 1.9 LDL 110 ± 60

Hemoglobin 10.54 ± 1.57 Triglyceride 177 ± 142

Platelet 208 ± 62 HDL 38 ± 9

Lymphocyte Count 1.5 ± 0.5 ALT 9.9 ± 6.8

Neutrophile Count 4.5 ± 1.5 AST 12 ± 6

RDW 14 ± 1.4 ALP 167 ± 117

RBC 3.7 ± 0.6 GGT 37 ± 55

MCV 90 ± 5.8 Calcium 9 ± 0.8

MPV 10 ± 1 Phosphorus 5.1 ± 1.6

Eosinophile 0.24 ± 0,2 Glucose 116 ± 60

Sodium 138 ± 3.8 Chloride 102 ± 4.3

Potassium 5.5 ± 0.8 Sedimentation 28 ± 29
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Statistically signi�cant positive correlation was found between CAR and MIS ≥ 7 (r = 0.413, p = 0.026),
with CRP and MIS ≥ 7 (r = 0.388, p = 0.038) and negative correlation was found with albumin and MIS
(r=-0.511, p = 0.005). MIS and hemoglobin were found negative correlated for MIS ≥ 7 (r=-0.412, p = 
0.026). There was a negative correlation between creatinine (r=-0.568, p = 0.001) and positive correlation
with ferritin (r = 0.584, p = 0.001) for MIS ≥ 7. Table 2 shows all said correlations.

Table 2
Correlations between Malnutrition In�ammation Score,

CRP/Albumin Ratio and biochemistry parameters
MIS x VARIABLE MIS < 7 MIS ≥ 7

  R p R p

CAR .080 .664 .413 .026

Albumin − .507 .003 − .511 .005

Total Protein − .430 .014 .156 .393

CRP .047 .798 .388 .038

Total Cholesterol − .376 .036 − .220 .219

Serum Iron − .393 .026 − .173 .337

MCH .358 .030 .164 .232

Urea − .287 .112 − .376 .044

Creatinine − .164 .369 − .568 .001

RBC − .310 .084 − .459 .012

Hemoglobin − .296 .100 − .412 .026

MCV .108 .557 .458 .012

Sodium − .122 .508 .372 .047

Potassium − .385 .018 − .520 .004

Triglyceride − .069 .729 − .467 .011

Uric Acid − .215 .238 − .372 .047

Ferritin .072 .697 .584 .001

For testing the normality, standardized skewness and Shapiro-Wilk test indicated that data were
statistically normal. For MIS, CAR, albumin and CRP a multiple regression ANOVA model was conducted
to examine that relation of CAR, CRP, albumin on MIS (F = 6.432, p = 0.002). ANOVA revealed that there
was a statistically signi�cant relation between dependent and independent groups (for CRP p = 0.003, for
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albumin p = 0.008, for CAR p = 0.003). Model summary, ANOVA results of the model and coe�cients of
the model are shown at Table 3,4,5 respectively.

Table 3
Model Summary

Model Summary

Model R R Square Adjusted R Square Std. Error of the Estimate

1 .660a .436 .368 2.68869

a. Predictors: (Constant), CRP/Albumin Ratio, Albumin, CRP

Table 4
ANOVA results of the model

ANOVAa

Model Sum of Squares df Mean Square F Sig.

1 Regression 139.481 3 46.494 6.432 .002b

Residual 180.726 25 7.229    

Total 320.207 28      

a. Dependent Variable: MIS

b. Predictors: (Constant), CRP/Albumin Ratio, Albumin, CRP

Table 5
Coe�cients of the model, CAR (CRP/Albumin Ratio)

Coe�cientsa

Model Unstandardized Coe�cients Standardized Coe�cients t Sig.

B Std. Error Beta

1 (Constant) 31.537 7.315   4.311 .000

CRP .378 .117 3.891 3.237 .003

Albumin -5.813 2.014 − .624 -2.886 .008

CAR -1.051 .315 -4.091 -3.337 .003

a. Dependent Variable: MIS

Discussion
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At current study we found that there was a statistically signi�cant correlation between CAR, CRP and
albumin and MIS (r = 0.413 p = 0.026, r = 0.388 p = 0.038 and r=-0.511 p = 0.005 respectively). ANOVA
showed that was a statistically signi�cant independent correlation between MIS, CRP, albumin and CAR
(for CRP p = 0.003, for albumin p = 0.008, for CAR p = 0.003). Lower albumin values, higher CRP and CAR
values were found strong indicators for malnutrition in HD patients.

Malnutrition is an important phenomenon in HD patients which is responsible for adverse outcomes.
Quality of life impairment, infection risk, progressive loss of body muscle and fat mass and mortality are
associated with malnutrition (2,3,11). The etiology of malnutrition in ESRD is multifactorial, comprised by
declining appetite, impairment of glucose and amino acid transport and metabolism, low diet quality,
uremia, cytokine production, comorbidities and the dialysis procedure itself (3).

Low grade chronic systemic in�ammation in which CKD patients are characterized by, is also a potential
contributor to malnutrition development and progression. In HD patients, the development of
in�ammation is caused by various factors, including oxidative stress, uremic milieu, increased cytokine
production and decrease of clearance of cytokines, dialysis procedure and infection frequency (4,12). The
coexistence of malnutrition and in�ammation suggests the potential relationship between these two
aspects of ESRD, However the precise role of in�ammation in the physiopathology of malnutrition and
PEW is not totally elucidated (13). There several hypotheses regarding role of in�ammation at
malnutrition development in ESRD. Cytokine production affects the regulation of appetite resulting
anorexia (14). In�ammation may enhance insulin resistance and impair glucose and amino acid
transport metabolism (3). Resting energy expenditure is reported to be raised because of in�ammatory
status, contributing to muscle mass loss (13). Anabolic hormone resistance caused by in�ammation also
prompts catabolism (15).

While there are studies to show the relationship between SGA and in�ammatory markers such as CRP,
adinopectine, IL-6 in HD patients (16–18), studies about the association between MIS and CAR in HD
patients are lacking. Our study is the �rst study in the literature to show an independent association
between CAR and MIS in HD patients.

Association between CRP, albumin and MIS in CKD has been reported by number of studies. Aggarwal et
al. has found an association between MIS and in�ammatory markers CRP and albumin, negative
correlation for albumin (p < 0.01) and positive correlation for CRP (p < 0.01) in CKD stage 3 to 5 (19). At a
study conducted at pre-dialysis CKD patients, it has been reported that patients with MIS ≥ 7 had
signi�cant increase in Hs-CRP levels (p < 0.001), albumin was negative correlated with MIS in the same
research (20).

Considering the studies on the HD patient group, Ashabi et al. has found positive correlation between
serum CRP and MIS (p < 0.01) and negative correlation between albumin and MIS (p < 0.01) (21). Another
study has reported that CRP level (β = 3.33, P < 0.001), and albumin level (β = −1.95, P = 0.008) were
factors independently associated with MIS at HD patients (22) Martins et al. has found that higher CRP
(OR 1.01 p < 0,001) were independently associated with a higher risk of MIS > 5 (23). Similar results have
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been reported by another study, CRP levels had an association with MIS (B = -0.56; P = 0.0001) (24). In our
study we found that CRP and CAR are positive correlated and alb is negative correlated with MIS in HD
patients.

Literature also comprises con�icting results regarding relation of MIS, CRP and albumin in HD patients.
Pisetkul et al. did not found a correlation between hs-CRP and MIS at hemodialysis patients ( r = 0.08, p
0.44) (25). Different study has reported that albumin was not signi�cantly correlated statistically with
MIS in HD patients. (-0.189 p = 0.345) (26). At the research of Ekremzadeh et al, albumin was not
statistically signi�cant between two MIS groups ≥ 10 and < 10, in HD patients (15). Another study
conducted in HD patients has found that while albumin level was lower when MIS ≥ 8 (p < 0.001), CRP
levels did not differ between two MIS groups (27).

CAR is a novel in�ammation index that has been emerged in recent years and it has been reported
recently that it can better re�ect the in�ammation status compared to other markers (28). In current study,
multiregression analysis showed that CRP, CAR, ALB were independently associated with MIS. Our
research demonstrates statistically signi�cant independent positive correlation between CAR and MIS,
CRP and MIS and negative correlation between MIS and albumin. Interesting feature of our study is this is
the �rst time in the literature that shows a strong relation between CAR and MIS in HD patients. Our
�ndings indicate that CAR can be reliable and practical measurement for assessing nutritional status of
HD patients.

Precise nutritional status assessment and to be able to detect PEW before related complications emerge
are two crucial aims for management of malnutrition in maintenance HD patients. CAR can be used as
valuable tool for predicting and screening of PEW and malnutrition risk in HD patients.

Sample size was a possible limitiation in our research. More studies with wider sample size are needed
for this topic. At present study, we investigated the relationship between MIS and in�ammation markers
CAR, CRP, albumin and other biochemistry parameters at HD patients. Interesting feature of our research
is that our study showed �rst time in the literature that CAR is independently associated with MIS in HD
patients.

Conclusion
At present study, we investigated the relationship between MIS and in�ammation markers CAR, CRP,
albumin and other biochemistry parameters at HD patients. Interesting feature of our research is that our
study showed �rst time in the literature that CAR is independently associated with MIS in HD patients.

Declarations
Con�ict Of Interest Statement: The authors declared that they have no con�icts of interest to this work.
We declare that we do not have any commercial or associative interest that represents a con�ict of
interest in connection with the work submitted.



Page 9/11

References
1. Cobo, Gabriela, Bengt Lindholm, and Peter Stenvinkel. "Chronic in�ammation in end-stage renal

disease and dialysis." Nephrology Dialysis Transplantation 33.suppl_3 (2018): iii35-iii40. doi:
10.1093/ndt/gfy175. PMID: 30281126; PMCID: PMC6168801.

2. Carrero, J.J.; Thomas, F.; Nagy, K.; Arogundade, F.; Avesani, C.M.; Chan, M.; Chmielewski, M.; Cordeiro,
A.C.; Espinosa-Cuevas, A.; Fiaccadori, E.; et al. Global Prevalence of Protein-Energy Wasting in Kidney
Disease: A Meta-analysis of Contemporary Observational Studies from the International Society of
Renal Nutrition and Metabolism. J. Ren. Nutr. 2018, 28, 380–392

3. Sahathevan, Sharmela, et al. "Understanding development of malnutrition in hemodialysis patients: a
narrative review." Nutrients 12.10 (2020): 3147.

4. Nowak, Kristen L., and Michel Chonchol. "Does in�ammation affect outcomes in dialysis patients?."
Seminars in dialysis. Vol. 31. No. 4. 2018.

5. Kalantar-Zadeh, Kamyar, et al. "Malnutrition-in�ammation complex syndrome in dialysis patients:
causes and consequences." American journal of kidney diseases 42.5 (2003): 864-881.

�. Gao N, Yang RN, Meng Z, Wang WH. The prognostic value of C-reactive protein/albumin ratio in
nasopharyngeal carcinoma: a meta-analysis. Biosci Rep. 2018 Nov 13;38(6):BSR20180686. doi:
10.1042/BSR20180686. PMID: 30352836; PMCID: PMC6239271.

7. Ni XF, Wu J, Ji M, Shao YJ, Xu B, Jiang JT, Wu CP. Effect of C-reactive protein/albumin ratio on
prognosis in advanced non-small-cell lung cancer. Asia Pac J Clin Oncol. 2018 Dec;14(6):402-409.
doi: 10.1111/ajco.13055. Epub 2018 Sep 4. PMID: 30178541.

�. Ranzani, Otavio T., et al. "C-reactive protein/albumin ratio predicts 90-day mortality of septic
patients." PloS one 8.3 (2013): e59321.

9. Kalantar-Zadeh, Kamyar, et al. "Comparing outcome predictability of markers of malnutrition–
in�ammation complex syndrome in haemodialysis patients." Nephrology Dialysis Transplantation
19.6 (2004): 1507-1519.

10. Borges MC, Vogt BP, Martin LC, Caramori JC. Malnutrition In�ammation Score cut-off predicting
mortality in maintenance hemodialysis patients. Clin Nutr ESPEN. 2017 Feb;17:63-67. doi:
10.1016/j.clnesp.2016.10.006. Epub 2016 Nov 23. PMID: 28361749.

11. Nagy, Eman, et al. "Impact of malnutrition on health‐related quality of life in patients on maintenance
hemodialysis." Therapeutic Apheresis and Dialysis (2020).

12. Mihai S, Codrici E, Popescu ID, Enciu AM, Albulescu L, Necula LG, Mambet C, Anton G, Tanase C.
In�ammation-Related Mechanisms in Chronic Kidney Disease Prediction, Progression, and Outcome.
J Immunol Res. 2018 Sep 6;2018:2180373. doi: 10.1155/2018/2180373. PMID: 30271792; PMCID:
PMC6146775.

13. Jankowska M, Cobo G, Lindholm B, Stenvinkel P. In�ammation and Protein-Energy Wasting in the
Uremic Milieu. Contrib Nephrol. 2017;191:58-71. doi: 10.1159/000479256. Epub 2017 Sep 14. PMID:
28910791.



Page 10/11

14. Carrero JJ, Qureshi AR, Axelsson J, Avesani CM, Suliman ME, Kato S, Bárány P, Snaedal-Jonsdottir S,
Alvestrand A, Heimbürger O, Lindholm B, Stenvinkel P. Comparison of nutritional and in�ammatory
markers in dialysis patients with reduced appetite. Am J Clin Nutr. 2007 Mar;85(3):695-701. doi:
10.1093/ajcn/85.3.695. PMID: 17344489.

15. Stenvinkel P. Can treating persistent in�ammation limit protein energy wasting? Semin Dial. 2013
Jan-Feb;26(1):16-9. doi: 10.1111/sdi.12020. Epub 2012 Oct 9. PMID: 23043540.

1�. Ekramzadeh M, Sohrabi Z, Salehi M, Ayatollahi M, Hassanzadeh J, Geramizadeh B, Sagheb MM.
Adiponectin as a novel indicator of malnutrition and in�ammation in hemodialysis patients. Iran J
Kidney Dis. 2013 Jul;7(4):304-8. PMID: 23880808.

17. Essadik R, Msaad R, Lebrazi H, Taki H, Tahri EH, Kettani A, Madkouri G, Ramdani B, Saïle R.
Assessing the prevalence of protein-energy wasting in haemodialysis patients: A cross-sectional
monocentric study. Nephrol Ther. 2017 Dec;13(7):537-543. doi: 10.1016/j.nephro.2017.02.013. Epub
2017 Nov 4. PMID: 29113907

1�. Carrero JJ, Chmielewski M, Axelsson J, Snaedal S, Heimbürger O, Bárány P, Suliman ME, Lindholm B,
Stenvinkel P, Qureshi AR. Muscle atrophy, in�ammation and clinical outcome in incident and
prevalent dialysis patients. Clin Nutr. 2008 Aug;27(4):557-64. doi: 10.1016/j.clnu.2008.04.007. Epub
2008 Jun 6. PMID: 18538898.

19. Aggarwal HK, Jain D, Chauda R, Bhatia S, Sehgal R. Assessment of Malnutrition In�ammation Score
in Different Stages of Chronic Kidney Disease. Pril (Makedon Akad Nauk Umet Odd Med Nauki).
2018 Dec 1;39(2-3):51-61. doi: 10.2478/prilozi-2018-0042. PMID: 30864357.

20. Jagadeswaran D, Indhumathi E, Hemamalini AJ, Sivakumar V, Soundararajan P, Jayakumar M.
In�ammation and nutritional status assessment by malnutrition in�ammation score and its outcome
in pre-dialysis chronic kidney disease patients. Clin Nutr. 2019 Feb;38(1):341-347. doi:
10.1016/j.clnu.2018.01.001. Epub 2018 Jan 9. PMID: 29398341.

21. As'habi A, Tabibi H, Hedayati M, Mahdavi-Mazdeh M, Nozary-Heshmati B. Association of
malnutrition-in�ammation score, dialysis-malnutrition score and serum albumin with novel risk
factors for cardiovascular diseases in hemodialysis patients. Ren Fail. 2015 Feb;37(1):113-6. doi:
10.3109/0886022X.2014.967615. Epub 2014 Oct 8. PMID: 25296104.

22. Ko YT, Lin YL, Kuo CH, Lai YH, Wang CH, Hsu BG. Low serum leptin levels are associated with
malnutrition status according to malnutrition-in�ammation score in patients undergoing chronic
hemodialysis. Hemodial Int. 2020 Apr;24(2):221-227. doi: 10.1111/hdi.12806. Epub 2019 Dec 5.
PMID: 31804777.

23. Martins, V. Sá, et al. "Predictors of nutritional and in�ammation risk in hemodialysis patients."
Clinical Nutrition 39.6 (2020): 1878-1884.

24. Chen, Jie, et al. "In�ammation but not dietary macronutrients insu�ciency associated with the
malnutrition-in�ammation score in hemodialysis population." PloS one 8.12 (2013): e83233.

25. Pisetkul C, Chanchairujira K, Chotipanvittayakul N, Ong-Ajyooth L, Chanchairujira T. Malnutrition-
in�ammation score associated with atherosclerosis, in�ammation and short-term outcome in



Page 11/11

hemodialysis patients. J Med Assoc Thai. 2010 Jan;93 Suppl 1:S147-56. PMID: 20364569.

2�. Almeida, Hákylla Rayanne Mota de, et al. "Malnutrition associated with in�ammation in the chronic
renal patient on hemodialysis." Revista da Associação Médica Brasileira 64 (2018): 837-844.

27. Katalinic L, Premuzic V, Basic-Jukic N, Barisic I, Jelakovic B. Hypoproteinemia as a factor in
assessing malnutrition and predicting survival on hemodialysis. J Artif Organs. 2019 Sep;22(3):230-
236. doi: 10.1007/s10047-019-01098-3. Epub 2019 Mar 9. PMID: 30852693.

2�. Park JE, Chung KS, Song JH, Kim SY, Kim EY, Jung JY, Kang YA, Park MS, Kim YS, Chang J, Leem AY.
The C-Reactive Protein/Albumin Ratio as a Predictor of Mortality in Critically Ill Patients. Journal of
Clinical Medicine. 2018; 7(10):333. https://doi.org/10.3390/jcm7100333


