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Abstract

Background—The Malnutrition-Inflammation Score (MIS), a non-expensive and easy-to-assess
score between 0 and 30 to examine protein-energy wasting (PEW) and inflammation, includes 7
components of the subjective global assessment, body mass index, and serum albumin and
transferrin concentrations. We hypothesized that the MIS risk-stratification of chronic
hemodialysis (HD) patients in predicting outcomes is better than its components or laboratory
markers of inflammation.

Study Design—5-year cohort study.

Setting & Participants—We examined 809 stable HD outpatients and followed them for up to
5 years (10/2001-12/2006).

Predictors—MIS and other nutritional and inflammatory markers.
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Outcomes & Measurements—Prospective all-cause mortality, health-related quality of life
via SF-36, and tests of body composition.

Results—The MIS was correlated with serum interleukin-6 (IL-6) (r=+0.26, p<0.001), C-
reactive protein (CRP) (r=+0.16, £<0.001) and several measures of nutritional status. Patients with
higher MIS had lower SF-36 scores. After multivariate adjustment for case-mix and other
measures of PEW, the chronic HD patients in the second (3-4), third (5-7) and fourth (=8)
quartiles of MIS had worse survival rates than those in the first (0-2) quartile (p<0.001). Each 2
unit increase in MIS was associated with two-fold higher death risk, i.e., adjusted death hazard
ratio of 2.03 (95% CI: 1.76-2.33, p<0.001). Cubic spline survival models confirmed linear trends.
The areas under the receiver operating characteristic curves for the continuum of MIS in
predicting 5-year mortality (0.67) was equal to IL-6 (0.67) and somewhat better than CRP (0.63).

Limitations—Selection bias and unknown confounders.

Conclusions—In chronic HD patients, the MIS is associated with inflammation, nutritional
status, quality of life, and 5-year prospective mortality. The mortality-predictability of the MIS
appears equal to serum IL-6 and somewhat greater than CRP. Controlled trials are warranted to
examine whether interventions to improve MIS can also improve clinical outcomes in chronic HD
patients.

Keywords

Malnutrition-inflammation score (MIS); chronic kidney disease (CKD); hemodialysis;
malnutrition; inflammation; cardiovascular disease; protein-energy wasting (PEW); health-related
quality of life

Introduction

Many individuals with chronic kidney disease (CKD) stage 5, who undergo chronic
hemodialysis (HD), suffer from protein-energy wasting (PEW), also known as uremic
malnutrition.1=3 The /nternational Society of Renal Nutrition and Metabolism (ISRNM)
Expert Panel recently proposed a set of criteria for the detection of PEW.2 In addition to the
four sets of traditional criteria for diagnosis of PEW, i.e. biochemical tests, low body weight,
reduced total body fat or muscle fat or weight loss, and low protein or energy intakes, the
ISRNM also suggested use of scoring systems such as the semi-quantitative “Subjective
Global Assessment of Nutrition” (SGA) or its fully quantitative and CKD-tailored
refinements such as the “Malnutrition-Inflammation Score” (MI1S).2

Originally introduced in 2001 in American Journal of Kidney Disease,* the MIS is one of
the CKD specific nutritional scoring systems that has received a considerable attention in
research and clinical practice in the past years and is currently used for annual nutritional
assessment of over 100,000 dialysis patients in DaVita dialysis clinics across the United
States. The MIS incorporates seven components of the original SGA plus the body mass
index (BMI), serum albumin and total iron-binding capacity (TIBC) or transferrin (Table
1).4 In dialysis patients, MIS has been shown to be associated to coronary artery disease,”
hospitalization and mortality,* 6 health related quality of life (QoL),” sleep and depressive
disorders,’- & exercise capacity and oxygen uptake,® and erythropoietin
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hyporesponsiveness.1%: 11 The efficacy of the MIS has also been examined in peritoneal
dialysis patients2-14 as well as in different populations®: 12. 14. 15 and different age groups.16
Indeed, a recent study used the MIS as the gold standard for examining other simpler
scoring systems.15: 17

Many of the foregoing studies, however, have significant limitations, including small sample
sizes, mostly <100 subjects, and short follow-up period. Indeed, the mortality predictability
of the MIS was originally examined in only 83 chronic HD patients over a 12-month
period,* and the association between the MIS and QoL was examined in only 76 Turkish HD
patients.” It is not known whether MIS has superior mortality predictability compared to its
10 components or other markers of nutrition or inflammation. The inflammatory
representativeness of the MIS has not yet been well studied. Recent evidence suggests that
elevated circulatory levels of interleukin-6 (IL-6) and C-reactive protein (CRP) are strong
correlates of mortality in HD patients.18-21 The prognostic value of these elaborate
laboratory markers of inflammation has not yet been compared to the MIS in larger and
longer cohorts. Hence, to examine the hypothesis that the MIS risk-stratification of chronic
HD patients is useful in predicting outcomes and greater than its component alone or in
diverse combinations, we first examined the association between the MIS and the health
related QoL and mortality in 809 HD patients. Then, we studied the commensurate
mortality-predictability of the MIS as compared to explicit laboratory markers of
inflammation and proinflammatory cytokines.

Patient Population

We studied HD patients who participated in the Nutritional and Inflammatory Evaluation in
Dialysis (NIED) Study.?2 The original patient cohort was derived from a pool of over 3,000
HD outpatients over 5 years in eight DaVita chronic dialysis facilities in the South Bay Los
Angeles area (see the NIED Study website at www.NIEDStudy.org for more details, as well
as previous publications23-25). Inclusion criteria were outpatients who had been undergoing
HD treatment for at least 8 weeks, who were 18 years or older and who signed the
Institutional Review Board approved consent form. Patients with acute infections or an
anticipated life expectancy of less than 6 months (e.g. due to a metastatic malignancy or
advanced HIV/AIDS disease) were excluded. From October 1, 2001, through December 31,
2006, 893 HD patients signed the informed consent form and underwent the periodic
evaluations of the NIED Study. For this study, data including MIS were available in 809 HD
patients.

The medical chart of each HD patient was thoroughly reviewed by a collaborating physician,
and data pertaining to the underlying kidney disease, cardiovascular history and other
comorbid conditions were extracted. A modified version of the Charlson comorbidity index,
i.e., without the age and kidney disease components, was used to assess the severity of
comorbidities.2% 27 The 809 HD patients were followed for up to 63 months, i.e., until
December 31, 2006.
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The Malnutrition-Inflammation Score

The MIS has four sections (nutritional history, physical examination, BMI, and laboratory
values) and 10 components.# Each component has four levels of severity, from 0 (normal) to
3 (severely abnormal). The sum of all 10 MIS components can range from 0 (normal) to 30
(severely malnourished); a higher score reflects a more severe degree of malnutrition and
inflammation (Table 1).

The five nutritional history based components include weight change, dietary intake,
gastrointestinal symptoms, functional capacity, and comorbid conditions. In the current
study, dialysis vintage was not included in the comorbidity component. The two physical
examination components consist of the assessment of the subcutaneous body fat and signs of
muscle wasting. In addition to the foregoing seven SGA-based components, the three MIS-
unique sections include the BMI (>20, 18 to 19.99, 16 to 17.99, and <16 kg/m?), serum
albumin (4.0, 3.5-3.9, 3.0-3.4 and <3.0 g/dL) and serum TIBC (=250, 200-249, 150-200,
and <150 mg/dL), the four increments of which are also scored from 0 through 3,
respectively.*

Anthropometric Measures

Body weight assessment and anthropometric measurements were performed while patients
underwent a hemodialysis treatment or within 5 to 20 minutes after termination of the
treatment. Biceps skinfold (BSF) and triceps skinfold (TSF) thicknesses were measured with
a conventional skinfold caliper using standard techniques as previously described.28: 29

Near Infra-Red Interactance

To estimate the percentage of body fat and fat-free body mass, near infra-red (NIR)
interactance was measured at the same time as the anthropometric measurements.30 A
commercial near-infrared interactance sensor with a coefficient of variation of 0.5% for total
body fat measurement (portable Futrex 6100®, Gaithersburg, Maryland, www.futrex.com)
was used. NIR measurements were performed by placing, for several seconds on the upper
aspect of the arm without a vascular access, a Futrex® sensor, and entering the required data
(date of birth, gender, weight and height) of each patient. NIR measurements of body fat
appear to correlate significantly with other nutritional measures in HD patients.2>

Laboratory Tests

Pre-dialysis blood samples and post-dialysis serum urea nitrogen were obtained on a mid-
week day which coincided chronologically with the drawing of quarterly blood tests in the
DaVita facilities. The single-pool Kt/V was used to represent the weekly dialysis dose. All
routine laboratory measurements were performed by DaVita® Laboratories (Deland, FL)
using automated methods.

Serum high sensitivity CRP was measured by a turbidometric immunoassay (manufacturer:
WPCI, Osaka, Japan, unit: mg/L, normal range: <3.0 mg/L).31: 32 |L-6 and tumor necrosis
factor alpha (TNF-a) were measured with immunoassay kits based on a solid phase
sandwich ELISA using recombinant human IL-6 and TNF-a (manufacturer: R&D Systems,
Minneapolis, MN; units: pg/ml; normal range: IL-6: <9.9 pg/ml, TNF-a: <4.7 pg/ml).21 33
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CRP, TNF-alpha, and IL-6 were measured in the General Clinical Research Center (GCRC)
Laboratories of Harbor-UCLA. Serum transthyretin (prealbumin) was measured using
immunoprecipitin analysis. Plasma total homocysteine concentrations were determined by
high-performance liquid chromatography in the Harbor-UCLA Clinical Laboratories.

Statistical Methods

Pearson’s correlation coefficient (r) was used for analyses of linear associations.
Multivariate regression analyses and analyses of covariance were performed to obtain
adjusted p-values controlled for case-mix and other covariates. Restricted cubic splines
graphs were utilized as exploratory data analysis (EDA) strategies to illustrate systematic
relations between serum MIS and mortality. This method also served to examine the non-
linear associations as continuous mortality predictors as an alternative to inappropriate
linearity assumptions.34 Thereafter, to calculate the relative risks of death, hazard ratios
(HR) were obtained using Cox proportional hazard models after controlling for the relevant
covariates. Plots of log [-log (survival rate)] against log (survival time) were performed to
establish the validity of the proportionality assumption. Kaplan-Meier analyses were utilized
to assess the differences in surviving proportions between quartiles of MIS.

To compare the prognostic ability of the full version of the MIS to each of its 10
components, any combination of them or other nutritional or inflammatory markers in
predicting mortality, receiver operating characteristic (ROC) curves were constructed in
which death was the reference variable and the death hazard function of the full MIS
version, each of the 10 MIS components alone or in combination, or selected inflammatory
or nutritional markers were the predicting variables. The differences of the areas under ROC
curves were examined and compared to the full MIS version (with 10 components) using the
roccomp command in Stata. Sensitivity (y-axis) was plotted vs. one minus specificity (x-
axis) for each possible cutoff value of hazard function of each component or combination of
components and death as dependent (reference) variable.3® The area under the curve
represents the discriminative power of the test. Values are expected to be between 0.5
(indicating no discriminative ability) and 1.0 (indicating highest detection accuracy).

Case-mix and comorbidity covariates included gender, age, race and ethnicity (Hispanics,
African Americans, Asians and others), diabetes mellitus, dialysis vintage, primary
insurance, marital status, dialysis dose (Kt/V), and kidney residual urine (KRU); and
laboratory measures of the MICS (excluding serum albumin, total iron binding capacity, and
body mass index) in fully adjusted Cox models included serum CRP, TNF-a,, and IL-6.
Fiducial limits are given as mean+SD (standard deviation) or median and inter-quartile
range; risk ratios include 95% confidence interval (CI) levels. A p-value <0.05 or a 95% ClI
that did not span 1.0 was considered to be statistically significant. Descriptive and
multivariate statistics were carried out with the statistical software “Stata version 10.0”
(Stata Corporation, College Station, Texas).
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Results

General and laboratory characteristics

Mean age (xSD) of patients was 53.6£14.9 years; 47% of patients were women, 52%
Hispanic, 30% African-American and 54% diabetic. The mean dialysis vintage was 3033
months (median: 19, inter-quartile range: 7-42 months). The average baseline MIS in the
809 HD patients was 5.1+3.6 ng/mL (median: 4, minimum: 0, maximum: 23, inter-quartile
range: 2—7 ng/mL) (Figure 1). Table 2 shows the values of relevant demographic and clinical
variables according to the quartiles of the MIS. The proportions of women, unmarried or
diabetics were higher in the 4" quartile of the MIS (i.e., MIS =8). Moreover, in addition to
BMI and mid-arm muscle circumference, biceps (but not triceps) skinfold also showed
decreasing trend across increasing MIS quartiles. Among laboratory measures, in addition to
serum albumin and TIBC, the levels of serum transthyretin, calcium, iron, and blood
hemoglobin decreased across increasing MIS categories, whereas serum CRP, IL-6, WBC
and ferritin showed the opposite trend.

Health Related Quality of Life

Table 3 shows the average crude scores of SF-36 in 688 HD patients who answered this
quality of life questionnaire. Poorer self-reported quality of life was noted with higher MIS
values. This trend was prominent in all scales and dimensions of quality of life. Figure 2
illustrates the same trends for the standardized scores of SF-36.

Linear Associations

The MIS was negatively correlated with the nPNA (nPCR) (r=-0.13, p<0.001), a surrogate
of dietary protein intake, as well as with serum prealbumin (transthyretin) (r=—0.29,
p<0.001) and serum iron level (r=-0.21, p<0.001). The MIS was also positively correlated
with monthly erythropoietin dose (r=+0.13, p<0.001) and logarithms of CRP (r=+0.16,
p<0.001) and IL-6 (r=+0.26, p<0.001). The MIS also had negative correlations with mid-
arm muscle circumference (r=-0.19, p<0.001) and lean body mass (r=—0.16, p<0.001).

MIS and Survival

Over the 5 year follow-up, 232 (29%) patients died, 92 (11%) underwent transplantation,
and 147 (18%) left the cohort. Figure 3 shows the cubic splines illustrating the associations
between baseline MIS and mortality in the 5-year cohort of 809 HD patients. A consistent
trend towards increased death risk was observed in the patients with higher MIS even after
multivariate adjustment for other makers of nutrition and inflammation including CRP, IL-6
and TNF-a.. Figure 4 shows the hazard ratios (HR) of mortality for the quartiles of MIS.
Patients in the 4™ quartile of the MIS had a significantly higher HR of death after
multivariate adjustments. As shown in Figure 5, the Kaplan-Meier survival plots show
incrementally worsening survival across increasing MIS quartiles. The hazard ratios listed in
Table 4 indicate that HD patients in first quartiles had a lesser death risk vs. those in the 4t
quartile and that this trend was robust to multivariate adjustment for other measures of MICS
including several inflammatory markers and cytokines. Sensitivity analyses to examine
diverse calibrations such as MIS quintiles yielded similar results (data not shown). Since
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spline models (Figure 3) showed somewhat linear associations. We also examined the linear
Cox survival regression, which showed that the fully adjusted death hazard ratio for each 2
unit increase in MIS was 2.03 (95% ClI: 1.76-2.33, p<0.001).

Comparing the MIS to other Mortality Predictors

We examined the prognostic value of different versions and components of the MIS in
predicting the 5-year mortality by analyzing the area under the ROC curves (AUC). We
compared the full version of the MIS with each of its 10 components, a combination of the
first 6 components (after excluding comorbidity, BMI, albumin and TIBC, to imitate the
original SGA), inflammatory markers and prealbumin (transthyretin). As shown in Table 5,
the AUC for the full version of the MIS was higher than each of the 10 MIS components
including the commensurate serum albumin. The AUC for the MIS in predicting death was
significantly higher than the combination of the first 6 components (p<0.001) and serum
prealbumin (p=0.009) somewhat higher than CRP (p=0.15) and essentially equal to serum
IL-6 (p=0.9). Figure 6 illustrates the AUC comparison among MIS, CRP and IL-6.
Sensitivity analyses showed that adding MIS to age or other case-mix variables inmproved
the mortality predictability of them (data not shown).

Discussion

In this prospective 5-year cohort study in 809 chronic HD outpatients in Southern California,
we found that the MIS is associated with health related QoL and prospective 5-year
mortality. The increasing trend of mortality associated with higher MIS was robust to
controlling for case-mix and other nutritional and inflammatory measures. Each 2-unit
increase is MIS was associated with 2-fold higher death risk. The MIS could predict death
somewhat similar to IL-6 slightly better than CRP and significantly better than each of its 10
components, the SGA and serum prealbumin. A poorer health-related QoL in diverse scales
and dimensions of the SF-36 was observed across the worsening MIS quartiles. In addition,
MIS was correlated with other nutritional variables, serum iron and hemoglobin level. These
findings imply that MIS is a useful and robust marker of nutritional and inflammatory status
with clinically relevant associations with QoL and survival and that its mortality
predictability is at least as good as, if not better than, some elaborate tests of inflammation
and nutritional status.

Individuals with CKD have an exceptionally high mortality rate and a high burden of
cardiovascular disease.3¢ About one of every five of the 400,000 HD patients in the United
States die every year.3” Even though half of all these deaths are attributed to cardiovascular
disease, measures of PEW, and not traditional cardiovascular risk factors, are the strongest
predictors of mortality in HD patients.2 38 The confounding effect of PEW and
inflammation, together known as MICS, on associations between traditional cardiovascular
risk factors, such as lipids, and clinical outcome is so strong that these latter associations
appear paradoxically inversed.39 40 Therefore, reliable markers of PEW with stronger and
more robust associations with morbidity and mortality in HD patients are needed, so that
patients at risk can better be identified for focused nutritional and anti-inflammatory
interventions.
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The MIS was first introduced in 2001 as an attempt to make a comprehensive and
quantitative but easy-to-assess tool to evaluate malnutrition and inflammation in dialysis
patients.2 4 Today, the MIS is used to assess nutritional status in over 100,000 DaVita
dialysis patients at least annually. The MIS is a constellation of 6 to 7 original SGA
components along with BMI, serum albumin, and TIBC, which are readily and frequently
(monthly) available in almost all dialysis patients in the USA and many other countries
around the world. Hence, calculating the MIS in a given patient does not need additional
testing, nor does it usually impose additional cost, especially since all the variables included
in MIS are usually available in patient records or can be directly obtained from the patients
or via a brief nutritional examination.

In this study, we found that MIS was associated with QoL and mortality over a 5-year
follow-up period. These associations were robust to multivariate adjustment including case-
mix and those nutritional and inflammatory variables not included in the MIS. The cubic
spline figure for the fully adjusted Cox proportional model, which included adjustment for
proinflammatory cytokines, showed that the death risk increased substantially in patients
with the MIS above 4 to 5 (Figure 3, panel d). This finding is in accordance with a recent
report by Ho et al, who found HD patients with MIS score of more than 4 to 5 had a
significant risk of 1-year mortality®. Several recent studies have found rather strong
associations between the proinflammatory cytokines and mortality in CKD patients.18-21 In
our current study, we found that mortality predictability of MIS is equal to serum IL-6 and
somewhat higher than CRP. This finding implies that IL-6 and CRP can be easily replaced
by the MIS in daily clinical practice to determine inflammation state of HD patients and to
risk-stratify these individuals.

A clinically relevant finding was the association of the MIS and SF-36 measured health
related QoL. Indeed, the HD patients within the highest MIS quartiles had the worst QoL
scores across most SF-36 scales and dimensions. This finding is important, since the QoL
per se is a predictor of survival in the CKD patient population.#1: 42 In a study of 1000
patients at three dialysis facilities in the USA, lower scores in the physical component of
QoL were associated with higher death risk and hospitalization in the next 2 years.*3 In
addition to physical component and scales, our study showed that the MIS was associated
with mental and psychological aspects of QoL. A large study in 5,256 HD patients from the
USA and Europe, revealed that the psychological or mental components of QoL predict
death and hospitalization in HD patients.**

Our study also showed that the MIS captures most of the main criteria suggested for
diagnosis of PEW.2 Whereas serum albumin, BMI, and muscle wasting are inherent
components of the MIS, our study showed that the MIS also correlates with other markers of
PEW including serum prealbumin (transthyretin), fat weight and NIR measured fat
percentage, mid-arm muscle circumference, and nPNA (nPCR) as a surrogate of dietary
protein intake. Considering the associations between the MIS and inflammatory markers as
well as diagnostic markers of PEW and also the associations of the MIS with QoL and
mortality, it could be speculated that the MIS has wide range of clinical utility from
assessment of nutritional status and inflammation to risk-stratification of CKD patients.
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A potential limitation of the present study is a selection bias during enrollment. However,
since mortality in our cohort was less than the base population,2? it might be argued that a
selection bias with such a direction would lead to a bias toward the null, so without this bias
our results may have been even stronger. Other limitations include lack of information on
dialysis access, dialysis membrane and other known or unknown confounders. The strengths
of our study include the sample size, which was moderately large, the comprehensive
clinical and laboratory evaluations with concomitant assessment of quality of life and body
composition measures, and detailed evaluation of comorbid states by study physicians at
baseline. Unlike previous cohorts that have been studied, ours has been extensively
characterized for markers of inflammation and nutritional status, including direct total body
fat measurements. The availability of these measures allowed us to demonstrate that MIS
was strongly associated with mortality risk independent of influences from other known
nutritional and inflammatory markers in this group of HD patients. Another strength of this
cohort is that the subjects were selected randomly without having any prior knowledge of
their inflammation status. Finally, the very same blood specimens that were utilized to
measure markers of PEW were also used for the cytokines measurements.

In conclusion, we found that MIS, as a constellation of readily available clinical and
paraclinical variables, correlated with several surrogates of body composition, health related
QoL and death risk in 809 HD patients who followed up to 5 years. The full version of the
MIS was superior to its 10 components in predicting survival. The comparisons between the
MIS and other markers of nutrition and inflammation indicate that MIS may be used as a
marker of inflammation in lieu of IL-6 or CRP. Examining the utility of MIS and its
associations with clinically relevant outcomes may lead to more effective strategies to
identify patients at risk of PEW and inflammation and to the development of focused
nutritional and anti-inflammatory interventions to improve nutritional status and, hence,
survival in almost half a million dialysis patients and over the 20 million individuals with
CKD in the United States and many more throughout the world.
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Figure 3. Mortality predictability of malnutrition-inflammation score in 809 maintenance
hemodialysis patients (Oct 2001 — Jan 2007)

Panel A. Unadjusted

Panel B. adjusted for Case-mix variables

Panel C. adjusted for Case-mix and MICS variables

Panel D. adjusted for case-mix, MICS, and inflammation

Case-mix variables: age, gender, race/ethnicity, diabetes mellitus, log vintage, primary
insurance, marital status, dialysis dose (Kt/V), and kidney residual urine (KRU)

MICS variables: erythropoietin dose, creatinine, hemoglobin, phosphorus, normalized
protein catabolic rate (nPCR), bicarbonate, calcium, ferritin, WBC, lymphocyte percentage,
and vitamin D dose

Inflammatory variables: C-reactive protein, Interleukin-6, Tumor necrosis factor-a
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Figure 4. Mortality predictability of quartiles of baseline malnutrition-inflammation score (MIS)
in 809 maintenance hemodialysis patients (Oct 2001 — Jan 2007)

Case-mix variables: age, gender, race/ethnicity, diabetes mellitus, log vintage, primary
insurance, marital status, dialysis dose (Kt/V), and kidney residual urine (KRU)

MICS variables: erythropoietin dose, creatinine, hemoglobin, phosphorus, normalized
protein catabolic rate (nPCR), bicarbonate, calcium, ferritin, WBC, lymphocyte percentage,
and vitamin D dose

Inflammatory variables: Log C-reactive protein, Log Interleukin-6, Log Tumor necrosis
factor-a

Quartile 1: 0 to 2; Quartile 2: 3 & 4; Quartile 3: 5 to 7; Quartile 4: >8
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2007)
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Figure 6. Receiver operating characteristic (ROC) curves of probabilities obtained from hazard
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Footnote: values in parentheses are 95% confidence interval of the calculated area under the
ROC curves.
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Table 5

Comparing the area under receiver operating characteristics (ROC) curve (AUC) of the full malnutrition-
inflammation score (MIS) version with the 10 components of the MIS, and the SGA (6-component)
combination, inflammatory markers and prealbumin in predicting 5-year death risk in 809 HD patients.

Variable AUC  95% confidence interval  py51yel

MIS Components

1. Changes in dry weight 0.57 0.54-0.61 <0.001
2. Dietary intake 0.55 0.52-0.58 <0.001
3. Gastrointestinal symptoms 0.56 0.53-0.60 <0.001
4. Functional capacity 0.63 0.59 - 0.66 0.01
5. Decreased fat storage 0.56 0.53-0.59 <0.001
6. Muscle wasting 0.58 0.54-0.61 <0.001
7. Co-morbidity 0.62 0.58 - 0.66 0.02
8. Body mass index 0.53 0.50-0.57 <0.001
9. Serum albumin 0.62 0.58 - 0.65 0.004
10. Total iron binding capacity 0.57 0.53-0.61 <0.001
MIS with 6 components (SGA) £ 063 0.58-0.67 <0.001
MIS with 10 components 0.67 0.63-0.71 reference
Log interleukin-6 0.67 0.63-0.71 0.9
Log C-reactive protein 0.63 0.59 - 0.67 0.1
Log Tumor necrosis factor-alpha  0.53 0.48 -0.57 <0.001
Serum prealbumin 0.59 0.55-0.62 0.009

lpvalue of comparison of AUC of each variable with MIS (containing 10 components)

ZComorbidity, body mass index, serum albumin, and total iron binding capacity are excluded to imitate the Subjective Global Assesment (SGA)
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