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Background: The malnutrition-inflammation score (MIS) is a nutritional scoring system that has been
validated in chronic kidney disease (CKD) stages III-V, especially in dialysis patients. We aimed to test
whether the MIS changed in the early stages of CKD and whether it was associated with anthropometry and
body composition measurements (BCMs) in patients with CKD.

Methods: This was a cross-sectional study conducted in the Nephrology Department. A total of
144 patients with CKD were included in the study between May 2017 and December 2017. The MIS was
calculated without computing the dialysis vintage in the scoring. Body composition was measured using
a portable whole-body bioimpedance spectroscopy device. Anthropometric, laboratory, and other body
composition parameters were recorded.

Results: The MIS was increased in patients with CKD. It was negatively correlated with body mass index
(BMI), mid-arm muscle circumference (MAMC), handgrip strength, lean tissue index (LTT), fat tissue index
(FTT), phase angle (PA), and hemoglobin and albumin concentrations, and it was positively correlated with
sex, overhydration, urinary protein excretion and IL-6. A high MIS was significantly correlated with a
low LTT (r=-0.274; P=0.001), low FTT (r=-0.179; P=0.032), overhydration (r=0.457; P<0.001) and low PA
(r=-0.475; P<0.001). A rather strong correlation was observed between the PA and the MIS. In the multivariate
regressions, after adjusting for age, sex, presence of diabetes, handgrip strength, BMI, overhydration,
glomerular filtration rate, albumin and IL-6 concentrations, these relationships did not diminish.
Conclusions: The MIS was strongly linked with indicators of nutrition. As a simple and practical tool for
assessing nutritional status, the MIS should be calculated in the early stages of CKD.
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Introduction

Chronic kidney disease (CKD) is a global health problem
with a prevalence of approximately 10% (1). Protein-energy
wasting (PEW) is a common complication of CKD and is
thought to contribute to the high rates of morbidity and
mortality observed in this population (2-4). It is characterized
by inadequate nutrition and caloric intake, low body mass
index (BMI), hypoalbuminemia, microinflammation status
and progressive skeletal muscle loss (5). Although no single
marker is ideal for assessing nutritional status in CKD
patients, in whom various confounding factors such as fluid
overload is common, the malnutrition-inflammation score
(MIS), anthropometry, and body composition measurements
(BCMs) are widely used methods for evaluating nutritional
status (6-8). The MIS has been associated with poor
outcomes in CKD patients undergoing hemodialysis,
peritoneal dialysis, and kidney transplantation (9-13). In
progressive CKD patients, the MIS has been validated for
assessing nutritional status (14). However, CKD patients with
malnutrition can hardly return to normal once malnutrition
occurs. It is very important to detect and treat malnutrition
in its early stages. To the best of our knowledge, to date, the
utility of the MIS has not been assessed in the early stages of
CKD. In this study, we evaluated whether the MIS could be
used to assess nutritional status and whether it was associated
with anthropometry and body composition in patients with
CKD stages I-IV.

Methods
Patients and study design

We performed a cross-sectional study. The study was
conducted in the Nephrology Department. All patients
enrolled had a history of CKD of more than 3 months.
A total of 177 patients were assessed for eligibility. A
total of 33 patients were excluded because they either did
not meet the eligibility criteria or refused to participate.
Finally, a total of 144 patients with CKD were included
in the study between May 2017 and December 2017
(Figure 1). CKD was diagnosed using the 2012 Kidney
Disease: Improving Global Outcomes (KDIGO)
criteria (15): glomerular filtration rate (GFR) less than
60 mL/min/1.73 m” and/or kidney damage. The GFR
was estimated with the CKD Epidemiology Collaboration
(CKD-EPI) creatinine equation (16). We defined eGFR
categories as follows: stage I, 290 mL/min/1.73 m’; stage I,
60-89 mL/min/1.73 m% stage III, 30-59 mL/min/1.73 m’;
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stage IV, 15-29 mL/min/1.73 m’, respectively (15). The
exclusion criteria were being less than 18 years of age,
having end stage renal disease, having an acute kidney
injury, having an acute infection during the month
preceding inclusion in the study, having active cancer
or liver disease at the time of the evaluation, and being
unwilling to participate in the study or unable to give
informed consent.

The underlying cause of CKD, the cardiovascular disease
(CVD) history, and the presence of hypertension and
diabetes mellitus were recorded in detail. The presence of a
history of CVD was defined as myocardial infarction, angina
pectoris, cerebrovascular accident, transient ischaemic
attack, peripheral artery disease or revascularization
diagnosed in the medical history (17). Hypertension was
defined as a systolic blood pressure (SBP) >140 mmHg or
a diastolic blood pressure (DBP) >90 mmHg on repeated
measurements, or both, or by the use of antihypertensive
drugs (18). Diabetes was defined as a fasting glucose level
>7.0 mmol/L, a glycated hemoglobin >6.5%, or use of
antidiabetic drugs (19). The study was approved by the
Ethics Committee of Chinese PLA General Hospital (No.
§2017-038-01), and all patients gave their written informed
consent before their inclusion in the study.

MIS

The MIS is a scoring system for the assessment
of malnutrition and inflammation. The MIS has
10 components derived from a patient’s medical history,
physical examination, BMI and laboratory parameters.
Each component of the score is classified according to four
levels of severity, ranging from 0 (normal) to 3 (severely
abnormal). The sum of all 10 components of the MIS
ranges from 0 (normal) to 30 (severe degree of malnutrition
and inflammation). For the present analysis, given the
nature of the included patients, we excluded dialysis vintage
from the score. Thus, comorbidity was scored with a score
of 0 if there were no other medical illnesses present; with
a score of 1 for mild comorbidity, excluding such major
comorbid conditions such as congestive heart failure class
IIT or IV, severe coronary artery diseases, moderate-to-
severe chronic obstructive pulmonary disease or major
neurological sequels; with a score of 2 for moderate
comorbidity (including one of the diseases listed under
major comorbid conditions); and with a score of 3 for two or
more major comorbid conditions. Furthermore, the serum
total iron binding capacity was used instead of transferrin (9).
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Patients diagnosed with CKD
(n=177)

End stage renal disease (n=3)
Acute kidney injure (n=2)
\

Patients diagnosed with CKD stages 1-4
(n=172)

Unwillingness to participate (n=7)

Inability to give informed consent (n=2)

\

Patients agreed with the study
(n=163)

Acute infection (n=7)
Active cancer (n=6)
Active liver disease (n=6)

Patients included in the study
(n=144)

Figure 1 Patient flowchart.

All subjective MIS assessments were performed by the same
physician.

Anthropometric evaluation

Body mass index (BMI), waist circumference, triceps
skinfold thickness (T'SF), mid-arm muscle circumference
(MAMC) and handgrip strength were obtained within
1 week of the blood sample collection for the patients, and
they were repeated three times. The average value was
noted. The TSF was measured with a conventional skinfold
caliper. The MAMC was derived from TSF and the middle
arm circumference (MAC) as follows: MAMC=MAC- =«
*TSF (cm). The MAC was measured on the dominant arm.
Handgrip strength was measured in the dominant hand by
using an electronic hand dynamometer (CAMRY, EH101).

Body composition monitor (BCM) measurements

Measurements of BCM were performed by a single well-
trained staff using a portable whole-body bioimpedance
spectroscopy device, BCM. The BCM measured the
electrical responses at 50 different frequencies between 5
and 1,000 kHz. The input variables included the patient’s
height, weight, age, and sex. Electrodes were attached to the
hand and foot on the nondominant side of the body after
the patient had been in a recumbent position for at least
5 min. The lean tissue index (LTT), fat tissue index (FTT),
overhydration (OH), total body water (TBW), extracellular
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water (ECW), intracellular water (ICW) and ECW/ICW
were measured. The phase angle (PA) was calculated by
the following equation: PA (°) = (Resistance/Reactance)
x (180/m). Resistance and reactance were measured at
50 kHz as in previous research reports (20). Only one
BCM measurement was performed for each individual
patient because the method had good interobserver and
intraobserver reproducibility (21).

Laboratory analysis

Blood samples were collected in the morning after an
overnight fast. Hemoglobin, C-reactive protein (CRP),
IL-6, serum levels of albumin, prealbumin, transferrin, total
cholesterol, triglycerides, parathyroid hormone (PTH), and
creatinine, and urinary protein excretion were measured
by routine methods at the Department of Laboratory
Medicine, PLA General Hospital. The GFR was estimated
with the CKD Epidemiology Collaboration (CKD-EPI)

creatinine equation.

Statistical analyses

The variables were expressed as the mean = SD or median
(interquartile range, IQR) or as a percentage, as appropriate.
Groups were compared by one-way ANOVA, the Kruskal-
Wallis test or ’ analysis, as appropriate. As many values
were not normally distributed, Spearman’s rank correlation
(Rho) was used to determine correlations. A determinant of
the MIS was analyzed using linear multivariate regression
analysis. Analyses were performed with IBM SPSS 23.0
software (SPSS Institute, IBM, USA). All P values were two-
sided. Statistical significance was set at the level of P<0.05.

Results
Baseline characteristics

This study comprised 144 patients, median age 53 years
(38-63 years of interquartile range). A total of 144 patients
(94 men and 50 women) completed the measurements
at baseline. The patients suffered from the following
comorbidities: diabetes mellitus (33.3%), hypertension
(75.7%) and CVDs (22.2%). Patients were divided
according to their CKD stages, and the demographic
variables, anthropometric measurements, laboratory
parameters, BCMs and the MISs of the study subjects are
depicted in 7able 1.
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Table 1 Demographic variables, anthropometric measurements, laboratory parameters, body composition and the MIS of study subjects stratified

by CKD stages
Characteristics (units) AI(Inpza:tLezlr;ts CK(z j;g?e I CK([; :tsagg)e Il CK?nit:?)e Il CKE()nit:?)e v pt
Demographic variables
Age (years) 53 [38-63] 43 [34-63] 51 [40-64] 53 [39-63] 62 [36-67] 0.368
Men (n, %) 94 (65.3) 20 (66.7) 22 (61.1) 37 (64.9) 15 (71.4) 0.884
Cardiovascular 32 (22.2) 3(10.0) 13 (36.1) 10 (17.5) 6 (28.6) 0.050
disease (n, %)
Diabetes (n, %) 48 (33.3) 5(16.7) 12 (33.3) 19 (33.3) 12 (57.1) 0.028
Hypertension (n, %) 109 (75.7) 15 (50.0) 27 (75.0) 48 (84.2) 19 (90.5) 0.001
Anthropometric measurements
BMI (kg/m?) 24.8 (22.6-27.4) 23.7 (21.2-27.0) 24.9 (23.3-27.6) 26.1 (23.2-27.7) 24.4 (22.8-27.1)  0.278
Waist circumference 91.3+11.7 89.0+14.3 90.6+12.1 92.8+10.4 91.3+10.5 0.520
(cm)
TSF (cm) 1.4 (1.0-1.9) 1.5(0.8-1.9) 1.4 (1.0-2.0) 1.4 (1.2-2.0) 1.5(1.2-1.9) 0.966
MAMC (cm) 23.6 (21.9-25.7) 23.4 (21.6-25.7) 24.0 (21.8-25.6) 23.9 (22.1-26.3) 243 (21.2-24.9) 0914
Handgrip strength (kg)  28.8 (21.7-38.0)  28.8 (21.4-38.7) 28.0 (20.8-36.3) 20.6 (22.4-41.0)  26.1(22.1-35.5)  0.888
Laboratory parameters
eGFR 57.5(37.5-86.7) 107.7 (100.6-122.4) 72.7 (66.5-85.1) 41.4 (37.3-52.0) 21.3(18.8-26.1) <0.001
(mL/min/1.73 m?)
Urinary protein 1.58 (0.68-3.08) 1.14 (0.64-2.61) 1.96 (0.67-3.44) 1.26 (0.54-2.77) 3.20(1.27-6.03)  0.010
excretion (g/24 hr)
Hemoglobin (g/L) 123.2+22.2 136.2+18.7 127.1£15.0 119.6+23.8 107.6+21.8 <0.001
Albumin (g/L) 37.0 (31.5-40.2) 35.1 (27.9-39.3) 36.4 (31.1-39.9) 38.5 (35.9-41.2) 37.3(32.1-40.5)  0.059
Prealbumin (g/L) 30.1 (24.4-35.2) 26.7 (21.9-36.8) 30.1 (24.9-33.8) 31.0 (24.9-36.0) 31.0(27.8-36.9)  0.427
Transferrin (umol/L) 183 [154-223] 187 [164-229] 179 [151-211] 188 [154-226] 178 [141-204] 0.476
Total cholesterol 173 [147-205] 188 [161-245] 173 [138-202] 167 [132-198] 170 [145-193] 0.058
(mg/dL)
Triglycerides (mg/dL) 142 [100-222] 162 [94-221] 136 [104-213] 156 [107-242] 140 [93-194] 0.922
PTH (pg/mL) 36.50 (26.16-51.45) 32.34 (23.51-41.74) 27.56 (19.32-37.70) 41.95 (31.18-54.25) 68.44 (33.99-90.79) <0.001
CRP (mg/L) 0.10 (0.10-0.24) 0.10 (0.10-0.22) 0.10 (0.10-0.18) 0.10(0.10-0.39)  0.10(0.10-0.44)  0.322
IL-6 (pg/mL) 2.00 (2.00-4.10) 2.00 (1.50-3.41) 2.00 (2.00-3.18) 2.09 (1.85-4.47) 4.12 (2.00-7.07)  0.088
Body composition
LTI (kg/m?) 13.8£2.6 13.6+2.9 13.4£2.0 13.8+£2.6 14.8+£2.7 0.235
FTI (kg/m?) 11.0 (7.5-13.4) 9.6 (7.3-13.1) 11.5(9.2-14.3) 11.4 (8.4-13.8) 8.8 (6.8-11.4) 0.151
PA (°) 5.38+1.25 5.64+1.07 5.19+1.06 5.50+1.34 5.00+1.46 0.207
OH (L) 0.6 (-0.3-1.9) 0.1 (-0.5-1.2) 1.0 (0.1-2.1) 0.6 (-0.4-2.1) 1.5 (0.2-5.5) 0.028
TBW (L) 35.5+6.5 33.6+6.5 35.2+5.8 35.7+6.1 37.9+7.9 0.139
ECW (L) 16.5 (14.1-18.2) 15.6 (12.8-17.1) 16.5 (14.5-17.7) 16.6 (14.7-18.2) 17.7 (14.8-22.0)  0.074
ICW (L) 19.0+3.8 18.4+4.0 18.6+3.0 19.2+4.0 19.7+4.2 0.585
ECW/ICW 0.86 (0.78-0.96) 0.82 (0.76-0.90) 0.90 (0.80-0.98) 0.86 (0.76-0.96) 0.90 (0.80-1.04)  0.089
MIS 3 [2-5] 3 [2-5] 3 [2-6] 2[1-5] 3[1-6] 0.336

. P for trend from CKD stage 1 to 4. BMI, body mass index; TSF, triceps skinfold thickness; MAMC, mid-arm muscle circumference;
eGFR, estimated glomerular filtration rate; PTH, parathyroid hormone; CRP, C-reactive protein; LTI, lean tissue index; FTI, fat tissue index;

PA, phase angle; OH, overhydration; TBW, total body water; ECW, extracellular water; ICW, intracellular water.
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Table 2 Univariate spearman rank correlation coefficients between
the MIS and selected variables

Variables r P

Age (years) 0.015 0.861
Sex 0.167 0.045
Diabetes 0.015 0.856
BMI (kg/m?) -0.262 0.002
MAMC (cm) -0.317  <0.001

Handgrip strength (kg) -0.268 0.001

LTI (kg/m?) -0.274 0.001
FTI (kg/m?) -0.179 0.032
PA () -0.475  <0.001
OH (L) 0.457  <0.001
eGFR (mL/min/1.73 m?) 0.112 0.181
Urinary protein excretion (g/24 hr) 0.192 0.021
Hemoglobin (g/L) -0.330  <0.001
Albumin (g/L) -0.583  <0.001
IL6 (pg/mL) 0.189 0.023

BMI, body mass index; MAMC, mid-arm muscle circumference;
LTI, lean tissue index; FTI, fat tissue index; PA, phase angle; OH,
overhydration; eGFR, estimated glomerular filtration rate.
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Figure 2 Spearman rank correlation between the malnutrition-
inflammation score and the lean tissue index in CKD patients.

CKD, chronic kidney disease.

The patients suffering from diabetes mellitus and
hypertension increased with the progression of CKD. The
later CKD stages also had higher PTH and lower GFRs
and hemoglobin concentrations than the earlier stages. OH
was greater in patients with CKD stage IV than those with
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Figure 4 Spearman rank correlation between the malnutrition-
inflammation score and overhydration in CKD patients. CKD,

chronic kidney disease.

other stages. Other body composition and anthropometric
measurements and the MISs were not significantly different
between the groups.

Clinical associations of the MIS

Table 2 shows univariate correlations among MISs and
selected variables. MISs were negatively correlated with
BMI, MAMC, handgrip strength, LTI, FTI, PA, and
hemoglobin and albumin concentrations and positively
correlated with sex, OH, urinary protein excretion and IL-6.
A high MIS was significantly correlated with a low LTI
(r=-0.274; P=0.001) (Figure 2), low FT1 (r=-0.179; P=0.032)
(Figure 3), high OH (r=0.457; P<0.001) (Figure 4) and
small PA (r=-0.475; P<0.001) (Figure 5). A rather strong
correlation was observed between the PA and the MIS.
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Association between the MIS and the PA

The significance of the association between the PA and MIS
was explored through multiple linear regression analyses.
The association remained statistically significant even after
considering potential confounders such as age, sex, diabetes,
HGS, BMI and OH, GFR, albumin concentration, and
IL-6 (Tiable 3).

Discussion

Malnutrition was highly prevalent in patients with CKD
and intimately linked with PEW. Our research evaluated
the applicability of the MIS in patients with CKD stages
I-IV. The use of the MIS had been previously validated in
nondialysis CKD patients, and exclusion of dialysis vintage
from the comorbidities section of the MIS did not impair
the score’s validity (14). Our research also excluded dialysis
vintage from the score. We found that the MIS increased in
the analyzed patients and shared strong links with objective
indicators of body composition. The MIS could be a
noninvasive and simple tool for testing nutritional status in
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Figure 5 Spearman rank correlation between the malnutrition-
inflammation score and the phase angle in CKD patients. CKD,

chronic kidney disease.
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the early stages of CKD. It was confirmed that higher MISs
indicated a higher risk of poor clinical outcomes in CKD
patients undergoing dialysis and kidney transplantation
(9,12,13). In the original MIS paper, increased scores
were associated with poorer nutritional status and higher
hospitalization and mortality rates (9). Thus, it was
important to evaluate patients’ nutritional status. We
evaluated the applicability of the MIS in early-stage CKD
patients with proteinuria but normal or mildly decreased
GFRs. We also confirmed that the MIS increased in the
early stages of CKD and that it was correlated with other
nutritional status components. Whether higher MISs were
related to malnutrition or mortality in these patients should
be studied further.

The PA was another indicator used to assess nutritional
status because it is related to cell size or the integrity
of the cell membrane (22) and is less influenced by
overhydration (23). Many studies emphasized the close
association of nutritional status and the PA (24,25). Oliveira
et al. found that the PA was less influenced by changes
in volume than other parameters and could be used for
nutritional assessments in dialysis patients (25). In the
maintenance hemodialysis population, the PA was a useful
predictor for impaired muscle function and hospitalization
and mortality rates (26). It was also useful to identify early
and malnourished patients as a prognostic indicator in
critically ill patients (27). The PA was independent of other
measurements, such as weight and height and was calculated
as the arctangent of the directly measured reactance-to-
resistance ratio (28). We demonstrated that the MIS was
correlated with the PA, which was an objective indicator for
assessing nutritional status even after considering potential
confounders such as age, sex, presence of diabetes, handgrip
strength, BMI, OH, GFR, albumin, and IL-6 in patients
with CKD stages I-IV. Cohort research is needed to verify
whether the MIS and the PA could be useful indicators of
prognosis for these patients.

Table 3 Multiple linear regression analyses studying the association between the MIS and the PA in patients with CKD

Model Covariates Unstandardized coefficient 95% Cl P Adjusted R?
1 PA -1.145 -1.427 to —-0.863 <0.001 0.307
2 1+ age, gender, DM -1.375 -1.706 to —1.043 <0.001 0.335
3 2+ Handgrip strength, BMI, OH -0.998 -1.645 to —-0.351 0.003 0.352
4 3+ eGFR, Albumin, IL6 -0.842 -1.407 to -0.276 0.004 0.516

Cl, confidence interval; PA, phase angle; DM, diabetes mellitus; BMI, body mass index; OH, overhydration, eGFR, estimated glomerular

filtration rate.
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Correlations between the MIS and BMI, MAMC,
handgrip strength, LTI, FTI, OH were also found in the
univariate analysis. Handgrip strength was a simple tool to
assess muscle function, and it was confirmed as an effective
method to assess nutritional status in patients with end-
stage renal disease (29). Reduced MAMC was a risk factor for
mortality in incident hemodialysis patients (30). However,
to better evaluate nutritional status, a combination of the
MIS and other nutrition indicators need to be further
studied.

Several limitations should be considered. First, the analysis
used a cross-sectional design, and therefore, longitudinal
relations between the studied factors and the MIS could
not be established. Whether the MIS can influence clinical
outcomes should be proven with a cohort study. Second,
patients from a single center were enrolled, and a larger
sample size is needed to confirm the conclusions from the
study. However, we believe that it was unlikely that a larger
sample size would have qualitatively changed our results.

In summary, the results of the current study suggest
that the MIS is a simple and practical tool for assessing the
nutritional status and implications thereof in CKD patients.
The MIS and body composition should be evaluated in the
early stages of CKD. Future studies testing the associations
of MIS with clinical outcomes in this population are
warranted.
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