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Evaluation of the Malnutrition-Inflammation Score in Kidney
Transplant Recipients

Miklos Zsolt Molnar, MD, PhD,1,2 Andras Keszei, MD, PhD,2,3 Maria Eszter Czira, MD,2

Anna Rudas,1 Akos Ujszaszi,1 Bela Haromszeki,1 Janos Pal Kosa,4

Peter Lakatos, MD, PhD, DSc,4 Eniko Sarvary, PhD,1 Gabriella Beko, MD,5

Katalin Fornadi, MD,2,6 Istvan Kiss, MD, PhD,7 Adam Remport, MD,7 Marta Novak, MD, PhD,2,8

Kamyar Kalantar-Zadeh, MD, MPH, PhD,9,10,11 Csaba P. Kovesdy, MD,12,13 and
Istvan Mucsi, MD, PhD2,4

Background: Chronic protein-energy wasting, termed malnutrition-inflammation complex syndrome,
is frequent in patients with chronic kidney disease and is associated with anemia, morbidity, and
mortality in patients on maintenance dialysis therapy. The Malnutrition-Inflammation Score (MIS)
recently has been developed and validated in dialysis patients.

Study Design: Observational cross-sectional study.
Setting & Participants: 993 prevalent kidney transplant recipients.
Predictor: MIS computed from change in body weight, dietary intake, gastrointestinal symptoms,

functional capacity, comorbid conditions, decreased fat store/Systemic Global Assessment, signs of
muscle wasting/Systemic Global Assessment, body mass index, serum albumin level, and serum
transferrin level.

Outcomes: Markers of inflammation and malnutrition, including serum C-reactive protein, interleukin
6, tumor necrosis factor �, serum leptin, prealbumin, body mass index, and abdominal circumference.
The relationship was modeled by using structural equation models.

Results: Mean age was 51 � 13 years, 57% were men, and 21% had diabetes. Median time from
transplant was 72 months. MIS significantly correlated with abdominal circumference (r � �0.144),
serum C-reactive protein level (r � 0.094), serum interleukin 6 level (r � 0.231), and serum tumor
necrosis factor � level (r � 0.102; P � 0.01 for all). A structural equation model with 2 latent variables
(malnutrition and inflammation factor) showed good fit to the observed data.

Limitations: Single-center study, lack of information about vascular access, presence of nonfunction-
ing kidney transplant, relatively high refusal rate.

Conclusions: Our results confirm that MIS reflects both energy-protein wasting and inflammation in
kidney transplant recipients. This simple instrument appears to be a useful tool to assess the presence
of protein-energy wasting in this patient population.
Am J Kidney Dis 56:102-111. © 2010 by the National Kidney Foundation, Inc. Published by Elsevier Inc.
All rights reserved.

INDEX WORDS: Kidney transplant; protein-energy wasting; Malnutrition-Inflammation Score; validation.
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rotein-energy wasting (PEW) and inflamma-
tion are closely associated in patients on

aintenance dialysis therapy.1-3 The mecha-
isms underlying this association have been scru-
inized closely lately in an effort to uncover
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ation is common in patients with chronic kid-

ey disease (CKD), in part because of possible
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MIS in Transplant Recipients 103
actors related to decreased kidney function and
he standard dialysis procedure itself.6,7 Inflam-

ation is associated closely with uremic ca-
hexia. Baseline serum C-reactive protein (CRP)
evel independently predicts changes in fat mass
ver time in patients on maintenance dialysis
herapy.8 In patients with CKD, inflammation
an increase circulating concentrations of adipo-
ines. Increased leptin levels induce the release
f �-melanocyte–stimulating hormone in the cen-
ral nervous system,9,10 which in turn suppresses
ood intake and increases energy expenditure.11

n the basis of a consistent association between
nflammation and malnutrition, the constellation
f the 2 conditions has been termed malnutrition-
nflammation complex syndrome (MICS) or
EW.1

PEW is associated with adverse outcomes in
arious populations, including healthy elderly
eople,12 patients with chronic obstructive pul-
onary disease,13 and surgical patients.14 MICS

lso is an important risk factor in patients with
on–dialysis-dependent CKD15,16 and those on
aintenance dialysis therapy.2,17-19 Potential con-

equences of MICS in dialyzed patients include
therosclerosis,20,21 oxidative stress,22 erythro-
oietin hyporesponsiveness,23,24 and increased
orbidity and mortality.3,25 To offset difficulties

elated to the measurement of inflammation in
linical practice, Kalantar-Zadeh et al3 have de-
eloped a semiquantitative and easy-to-use scor-
ng system, the Malnutrition-Inflammation Score
MIS), for the evaluation of MICS in dialyzed
atients. The MIS was associated with measures
f nutrition, inflammation, and also anemia and
redicted hospitalization and mortality in pa-
ients on maintenance dialysis therapy.3 Several
actors can potentially induce PEW in kidney
ransplant recipients; the presence of the trans-
lant, immune response to the transplant, rejec-
ion episodes, impaired kidney function, and
mmunosuppressive drugs all might contribute to
he pathomechanism of PEW. Various markers of
nflammation have been associated with lower
emoglobin levels,26 erythropoietin resistance,27

umbar bone mass,28 and new-onset diabetes29

fter kidney transplant. Despite the potentially
mportant association between inflammation and
ultiple important outcomes,30 detailed analysis

nd clinical application of this knowledge has

een hampered by the lack of a clinically appli- o
able, practical, and feasible method to assess
he presence of MICS in kidney transplant pa-
ients.

The MIS would be an excellent tool to assess
EW; however, it has never been assessed in
idney transplant recipients. Before its wide-
pread application in this special patient popula-
ion, it has to be shown that it is correlated with
erum markers of inflammation and nutritional
tatus. To this end, we analyzed the association
f MIS with nutritional and inflammatory mark-
rs, such as abdominal circumference and concen-
rations of serum prealbumin and leptin, serum
RP, interleukin 6 (IL-6), and tumor necrosis

actor � (TNF-�). Furthermore, we wanted to
how that the MIS reflects both inflammation
nd wasting; in other words, that the MIS mea-
ures MICS. To test this hypothesis, we built
tructural equation models to analyze the com-
lex network of associations between the differ-
nt malnutrition markers and inflammatory cyto-
ines and the MIS itself.

METHODS

atient Population andDataCollection

All prevalent kidney transplant recipients 18 years or
lder (n � 1,214) who were followed up at a single trans-
lant outpatient clinic at the Department of Transplantation
nd Surgery at Semmelweis University, Budapest, Hungary,
n December 31, 2006, were invited to participate in this
bservational study. Exclusion criteria were acute rejection
ithin the last 4 weeks, present hospitalization, transplant in

he previous 3 months, acute infection, or bleeding. The
aseline assessment was conducted between February 2007
nd August 2007 (Malnutrition-Inflammation in Transplant-
ungary [MINIT-HU] Study).
Demographic data and details of medical history were

ollected at enrollment, when information about age, sex,
enopause status, cause of CKD, and transplant-related

ata, including immunosuppressant medication use, weight,
eight, abdominal circumference, and comorbid conditions,
ncluding the modified Charlson Comorbidity Index (CCI),31

ere obtained. Estimated glomerular filtration rate (eGFR)
as calculated using the 4-variable Modification of Diet in
enal Disease (MDRD) Study equation.32

The study was approved by the Ethics Committee of
emmelweis University. Before enrollment, patients re-
eived detailed written and verbal information regarding the
ims and protocol of the study and gave written consent to
articipate.

alnutrition-Inflammation Score

The MIS3 has 10 components, each with 4 levels of
everity from 0 (normal) to 3 (severely abnormal). The sum

f all 10 MIS components ranges from 0 (normal) to 30
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Molnar et al104
severely malnourished); a higher score reflects a more
evere degree of malnutrition and inflammation status. In
ontrast to the original MIS, we did not include dialysis
intage in the score in this analysis; only comorbidity was
omputed. Thus, comorbid conditions were scored as 0 if no
edical illnesses were present except CKD; as 1 for mild

omorbidity, excluding such major comorbid conditions as
ongestive heart failure class III or IV, severe coronary
rtery diseases, clinically evident AIDS, moderate to severe
hronic obstructive pulmonary disease, and metastatic malig-
ancies; as 2 for moderate comorbidity (including 1 of the
iseases listed under major comorbid conditions); and as 3
or 2 or more major comorbid conditions. All Subjective
lobal Assessments were performed by a physician (M.E.C.)

ccording to conventional Subjective Global Assessment
uidelines.33,34

aboratoryData

Laboratory data were extracted from charts and the elec-
ronic laboratory database of the hospital. The following
aboratory parameters were tabulated: hemoglobin, serum
RP, total cholesterol, triglycerides, ferritin, transferrin,
lbumin, prealbumin, creatinine, and serum urea nitrogen.

Serum samples also were collected at the time of the
aseline assessment and stored at �70°C for future use.
rom these samples, high-sensitivity IL-6, TNF-�, and lep-

in were measured using immunoassay kits based on solid-
hase sandwich enzyme-linked immunosorbent assay (R&D
ystems, www.rndsystems.com).

omorbidConditions

We used the modified Charlson Comorbidity Index,31,35

hich is a weighted scoring system based on the presence or
bsence of each of 17 variables. Earlier, it has been reported
hat the Charlson Comorbidity Index was a predictor of
urvival in kidney transplant patients.31 Because one of the
ariables is the presence of moderate to severe kidney
isease, the minimum score for all patients with end-stage
enal disease is 2. Thus, in patients with end-stage renal
isease, scores range from 2 to a possible maximum of 33.

ransplant-RelatedData andDonor Characteristics

Transplant-related data extracted from the medical records
ncluded the following information: present medications
including present immunosuppressive treatment), trans-
lant “vintage” (ie, time elapsed from the time of trans-
lant), previous time on dialysis therapy, type of transplant
deceased or living related), history of acute rejection, HLA
ismatch, panel reactive antibody titer, cold ischemic time,

onor age and sex, and history of delayed transplant func-
ion. Delayed transplant function was defined as the need for

or more hemodialysis sessions in the first week after
ransplant.36

mmunosuppressive Therapy

Standard maintenance immunosuppressive therapy gener-
lly consisted of prednisolone, either cyclosporine A micro-
mulsion formulation or tacrolimus, combined with myco-

henolate mofetil or azathioprine or sirolimus. n
tatistical Analysis

Data were summarized using proportions, mean � stan-
ard deviation, or median and interquartile range, as appro-
riate. Continuous variables were compared using t test or
ann-Whitney U test, as appropriate.
Associations between the MIS versus continuous sociode-
ographic and clinical variables and also between MIS

ersus serum markers of inflammation and nutritional status
ere assessed using Pearson or Spearman correlation analy-

is. Furthermore, analysis of variance or Kruskal-Wallis H
est was used to compare continuous variables in quartiles of

IS. In all statistics, 2-sided tests were used.
Structural equation modeling with the asymptotically dis-

ribution free method was used to test goodness of fit of 1-
nd 2-factor models describing the relationship of abdomi-
al circumference and levels of leptin, prealbumin, CRP,
L-6, and TNF-� with MIS. For this analysis, we trans-
ormed TNF-� and leptin values by multiplying by 5 and
ividing by 5, respectively, to make variances comparable to
he variances of other variables. We initially hypothesized
hat a 2-factor model would best describe this relationship.

odel �2, also called discrepancy, is presented, which is the
ost commonly used fit test indicating that the theoretical
odel fits the given data. A range of goodness-of-fit statis-

ics also was computed for model comparison. The goodness-
f-fit index, adjusted goodness-of-fit index, and Bentler
omparative fit index increase to a maximum of 1.00 when
here is perfect fit. Values around 0.95 indicate a good fit.
oot mean square error of approximation is a measure that
enalizes for lack of parsimony in the model, which is useful
ecause more complex models produce better fit than sim-
ler ones. Schumacker and Lomax37 suggest that a root
ean square error of approximation �0.05 indicates good
odel fit. Subsequently, we also built a more parsimonious
odel including only abdominal circumference, CRP level,

nd IL-6 level. Statistical analysis was carried out using
PSS 15.0 (SPSS Inc, www.spss.com) and Amos 16.0 soft-
are (SPSS Inc).

RESULTS

emographics andBaselineCharacteristics of
he Sample

Of 1,214 eligible patients, 205 (17%) refused
o participate in the study and 16 (1%) were
xcluded based on exclusion criteria. The study
opulation therefore included 993 patients. There
ere fewer men in those who refused to partici-
ate (57% vs 67%; P � 0.01), but there was no
ignificant difference in age between the 2 groups
51 � 13 vs 52 � 13 years).

Baseline patient characteristics are listed in Table
. The most prevalent underlying kidney disease
as chronic glomerulonephritis (23%). Preva-

ences of other kidney diseases were diabetic ne-
hropathy, 5%; autosomal dominant polycystic kid-

ey disease, 18%; chronic pyelonephritis and tubular

http://www.rndsystems.com
http://www.spss.com
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MIS in Transplant Recipients 105
nterstitial disease, 13%; and hypertensive nephrop-
thy, 6%. Other or unknown underlying kidney
isease accounted for 35%. At the time of enroll-
ent, 81% of patients were using prednisolone,

0% were using cyclosporine A, 40% were using
acrolimus, 78% were using mycophenolate mofetil,
nd 4% were using sirolimus. Average cold isch-
mic time was 21 hours, delayed transplant func-
ion was present in 26%, and a history of acute
ejection (cumulative) was present in 34% of pa-
ients. Only 4% of donors were living related.

Table 1. Pat

All Patients
(n � 993) MIS Med

ge (y) 51 � 13 48 �

en (%) 57 6

ime since last transplant (mo) 72 (75) 57 (

ialysis vintage (mo) 20 (29) 20 (

stimated GFR (mL/min/1.73 m2) 51 � 21 56 �

resence of diabetes (%) 21 1

emoglobin (g/dL) 13.5 � 1.7 13.9 �

holesterol (mg/dL) 212 � 49 211 �

riglycerides (mg/dL) 150 (114) 151 (

ransferrin (g/L) 2.36 � 0.46 2.47 �

erritin (�g/L) 161 (303) 153 (

anel reactive antibody titer (%) 0 [0-85] 0 [0-

old ischemic time (min) 1,248 � 349 1,216

istory of delayed transplant
function (%)

26 2

istory of acute rejection (%) 34 3

LA mismatches (%)
0 1
1 5
2 22 2
3 46 4
4 21 2
5 4
6 1

Note: Unless otherwise indicated, values are shown as
ange), or median [range]. Conversion factors for units: seru
n mg/dL to mmol/L, �0.01129; GFR in mL/min/1.73 m2

ransferrin in g/L to mg/dL, �100. No conversion necessary
Abbreviations: GFR, glomerular filtration rate; MIS, Maln
ean age of donors was 43 � 14 years. 0
aselineNutritional and
nflammationCharacteristics

Baseline values of nutritional and inflamma-
ion markers are listed in Table 2. The distribu-
ion of MIS is shown in Fig 1.

IL-6 level, but not TNF-� level, positively corre-
ated with age (� � 0.247; P � 0.001). Serum CRP
evel also showed a weak positive correlation with
ge (� � 0.146; P � 0.001). Abdominal circumfer-
nce showed a moderate positive correlation (R �

aracteristics

MIS Quartiles

PMIS Median � 2 MIS Median � 4 MIS Median � 7

51 � 12 53 � 12 54 � 12 �0.001

55 53 47 �0.001

78 (78) 74 (68) 94 (78) �0.001

18 (31) 23 (32) 19 (29) 0.3

53 � 20 48 � 21 42 � 23 �0.001

22 27 26 �0.001

13.8 � 1.7 13.3 � 1.5 12.5 � 1.8 �0.001

215 � 48 214 � 50 213 � 59 0.8

154 (128) 142 (124) 144 (107) 0.9

2.43 � 0.51 2.3 � 0.43 2.11 � 0.47 �0.001

140 (281) 167 (342) 227 (554) �0.001

0 [0-85] 0 [0-85] 0 [0-85] 0.5

1,239 � 332 1,277 � 363 1,286 � 293 0.07

24 25 30 0.3

30 37 42 0.005

0.08
1 1 0
6 4 3

18 21 22
48 46 47
23 21 22

3 6 5
1 1 1

� standard deviation, percentage, median (interquartile
lesterol in mg/dL to mmol/L, �0.02586; serum triglycerides
/s/1.73 m2, �0.01667; hemoglobin in g/dL to g/L, �10;
ritin in �g/L and ng/mL.
-Inflammation Score.
ient Ch

ian � 1

13

6

76)

29)

18

4

1.5

45

110)

0.4

229)

85]

� 372

6

1

1
6
4
4
1
3
1

mean
m cho
to mL
for fer

utrition
.299; P � 0.001), serum leptin level showed a
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Molnar et al106
eak positive correlation (� � 0.092; P � 0.004),
nd serum prealbumin level showed a weak nega-
ive correlation with age (R � �0.068; P � 0.03).

IL-6, TNF-�, and CRP levels negatively corre-
ated with eGFR (IL-6: � � �0.156; TNF-�: � �

0.220; P � 0.001 for both; and CRP: � �
0.089; P � 0.005). Similarly, serum prealbu-
in (R � �0.263; P � 0.001) and leptin (� �
0.159; P � 0.001) levels negatively correlated
ith eGFR.

ssociationBetweenMIS andBaseline
linicalMarkers

Associations between MIS and several rel-
vant clinical variables are listed in Table 1. MIS
as associated positively with age, transplant

Table 2. Association Between Quartiles of

All Patients
(n � 993) MIS Median

eight (kg) 75 � 16 79 � 15
bdominal circumference (cm) 99 � 14 100 � 13
MI (kg/m2) 27 � 4.9 28 � 4.6
RP (mg/L) 3.1 (5.4) 2.9 (4.0)
lbumin (g/dL) 4 � 0.4 4.2 � 0.3
realbumin (mg/dL) 34.6 � 7.6 35.9 � 7.3

L-6 (ng/L) 2.09 (2.37) 1.79 (1.83
eptin (�g/L) 15.1 (25.3) 14.9 (22.7
NF-� (ng/L) 2.06 (1.34) 1.99 (1.17

Note: Values are shown as mean � standard deviatio
lbumin in g/dL to g/L, �10.
Abbreviations: BMI, body mass index; CRP, C-reactive p

NF-�, tumor necrosis factor �.
s
Figure 1. Distribution of Malnutrition-Inflammation
core.
intage, presence of diabetes, serum ferritin level,
nd history of acute rejection (Table 1). Negative
ssociations were found between MIS versus
GFR, hemoglobin level, and transferrin level
Table 1).

ssociationBetweenMIS and Inflammation and
utritionalMarkers

Associations between MIS and several rel-
vant inflammation and nutritional markers are
isted in Table 2. MIS showed significant nega-
ive correlations with abdominal circumference
� ��0.144; P � 0.001) and prealbumin level
� ��0.165; P � 0.001), whereas significant
ositive correlation was seen with IL-6 (� �
.231; P � 0.001), TNF-� (� � 0.102; P �
.001), and CRP levels (� � 0.094; P � 0.003).

nalysis of Individual Itemsof theMIS Scale

Table 3 lists descriptive statistics of individual
tems included in the scale and their contribution
o the score. The “corrected item-total correla-
ion” was highest for items related to dietary
ntake and also for elements of Subjective Global
ssessment (decreased fat store and signs of
uscle wasting).

tructural EquationModels forMIS

Structural equation models were fitted to our
ata in separate analyses postulating 1 or 2
inflammation and malnutrition) latent variables.
n the first model (Fig S1; available as online

d Inflammation and Nutritional Parameters

MIS Quartile

PIS Median � 2 MIS Median � 4 MIS Median � 7

78 � 15 75 � 15 67 � 15 �0.001
101 � 15 98 � 15 94 � 15 �0.001
28 � 4.7 27 � 4.9 25 � 4.9 �0.001
3.0 (5.6) 3.3 (6.0) 3.6 (6.8) 0.1

4 � 0.4 3.9 � 0.4 3.7 � 0.4 �0.001
34.4 � 7.3 33.8 � 7.6 33.1 � 8.3 �0.001
2.18 (1.97) 2.35 (3.00) 2.64 (3.36) �0.001
19.6 (31.2) 17.7 (29.9) 9.8 (20.7) �0.001
2.07 (1.40) 2.02 (1.30) 2.27 (1.64) 0.01

edian (interquartile range). Conversion factor for serum

IL-6, interleukin 6; MIS, Malnutrition-Inflammation Score;
MIS an

� 1 M

)
)
)

n or m

rotein;
upplementary material associated with this ar-
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MIS in Transplant Recipients 107
icle at www.ajkd.org), we included all relevant
ariables (leptin level, abdominal circumference,
realbumin level, CRP level, IL-6 level, and
NF-� level). Goodness-of-fit statistics showed

he best fit for the model with 2 latent variables
�2 � 6.072; P � 0.8; root mean square error of
pproximation � 0.001 (90% confidence inter-
al, 0-0.022); goodness-of-fit index � 0.997;

Table 3. MIS Items by Quarti

MIS Question

Scale Mean
if Item

Deleted
Scale Variance
if Item Deleted

Corrected
Item-Total
Correlation

: Change in body
weight

3.0294 5.645 0.248

: Dietary intake 3.5096 7.193 0.343

: GI symptoms 3.1824 6.774 0.195

: Functional
capacity

3.2371 6.688 0.28

: Comorbid
conditions

2.7609 6.551 0.184

: Decreased fat
store/SGA

3.2644 6.219 0.444

: Signs of muscle
wasting/SGA

3.3414 6.316 0.439

: BMI 3.5056 7.226 0.238

: Albumin 3.0395 6.401 0.241

0: Transferrin 3.3181 6.832 0.199

Abbreviations: BMI, body mass index; GI, gastrointestina
ssessment.
djusted goodness-of-fit index � 0.991; and com- 0
arative fit index � 1.000). Fig S1 shows path-
ays, standardized coefficients, and correlations

or the 2–latent variable model. The covariance
etween the latent variable malnutrition and MIS
as significantly different from zero (�2.02;
� 0.001) and correlation was �0.38. Similarly,

ovariance and correlation between the latent
ariable inflammation and MIS were 1.49 and

Items’ Contribution to Scale

y

MIS Quartile

P
MIS

Median � 1
MIS

Median � 2
MIS

Median � 4
MIS

Median � 7

95 80 64 35 �0.001
2 6 6 7
3 12 25 29
0 2 5 29

99 98 95 76 �0.001
1 2 5 22
0 0 0 1
0 0 0 1

84 64 59 40 �0.001
15 35 34 43
1 1 7 14
0 0 0 3

89 70 56 43 �0.001
11 29 42 45
0 1 2 10
0 0 0 2

59 27 23 14 �0.001
36 60 54 50

5 13 20 33
0 0 3 3

93 81 63 37 �0.001
7 19 36 43
0 0 1 17
0 0 0 3

97 86 76 46 �0.001
3 14 22 36
0 0 2 15
0 0 0 3

99 98 95 81 �0.001
1 2 4 11
0 0 1 6
0 0 0 2

81 54 46 24 �0.001
18 40 43 49
1 5 9 22
0 3 2 5

92 82 75 58 �0.001
7 15 17 26
1 2 8 12
0 1 0 4

Malnutrition-Inflammation Score; SGA, Subjective Global
les and

MIS
Severit

Level

0
1
2
3
0
1
2
3
0
1
2
3
0
1
2
3
0
1
2
3
0
1
2
3
0
1
2
3
0
1
2
3
0
1
2
3
0
1
2
3

l; MIS,
.32 (P � 0.001), respectively. Subsequently, we

http://www.ajkd.org
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Molnar et al108
lso built a more parsimonious model including
nly abdominal circumference, CRP level, and
L-6 level that also yielded a good fit (�2 �
.595; P � 0.4; root mean square error of approxi-
ation � 0.001; goodness-of-fit index � 0.999;

djusted goodness-of-fit index � 0.993; and com-
arative fit index � 1.000; Fig S2). Covariance
etween the latent variable malnutrition and MIS
as significantly different from zero (�1.03; P
0.001) and correlation was �0.38. Similarly,

ovariance and correlation between the latent
ariable inflammation and MIS were 0.95 and
.33 (P � 0.001), respectively.

DISCUSSION

We report data that confirm that MIS is a
seful tool to measure nutritional status and
nflammation and hence to assess MICS in kid-
ey transplant recipients. The MIS was associ-
ted significantly with various nutritional and
nflammation markers in these analyses, which
upports the applicability of this simple scoring
ystem in measuring MICS in this patient popu-
ation. Furthermore, results of our structural equa-
ion modeling suggest that both inflammation
nd nutritional status are represented in the MIS.
his is important because the pathways poten-

ially leading to the clinical outcomes associated
ith MICS are complex and likely involve
echanisms related to both inflammation and
EW.38

Both PEW and chronic inflammation are highly
revalent in patients undergoing maintenance
ialysis.3 Because these 2 conditions often occur
ogether, their combination has been referred to
s malnutrition-inflammation complex syndrome
MICS) or malnutrition-inflammation atheroscle-
osis syndrome. MICS also was associated with
xidative stress,39 erythropoietin resistance,24,40

orbidity, and mortality3, 41 in patients on main-
enance dialysis therapy. Recently, it increas-
ngly has been recognized that CKD and the
omplications of CKD are highly prevalent in
idney transplant recipients.26,42 Our earlier re-
ults suggested that chronic inflammation may
ontribute to the high prevalence of posttrans-
lant anemia26 and also might contribute to nega-
ive clinical outcomes in this patient popula-
ion.43 A simple easy-to-use instrument to assess
ICS in kidney transplant recipients would be i
nvaluable for both outcomes research and every-
ay clinical practice.
The MIS has been developed by Kalantar-

adeh et al3 to measure MICS and has been
alidated in patients on maintenance dialysis
herapy. This score showed associations with
orbidity and mortality3,41 in patients on mainte-

ance dialysis therapy. In a recent publication,
he MIS was used as the reference standard to
alidate 5 simplified nutritional screening tools
n 422 Japanese hemodialysis patients.44 To our
nowledge, the MIS has not been assessed or
sed in kidney transplant patients.
To support the applicability of the MIS to
easure MICS in kidney transplant patients, we

orrelated the score against accepted measures of
utritional status and inflammation. We mea-
ured biochemical parameters (leptin, IL-6,
NF-�, prealbumin, CRP, and transferrin) and
nthropometric variables (body mass index and
bdominal circumference) to assess both nutri-
ional and inflammatory components of the MICS.
revious studies have shown that leptin,45 IL-
,41 TNF-�,41 and the other measured variables
eliably measure PEW. MIS correlated signifi-
antly with all measures of both inflammation
nd nutritional status in our data set. The strength
nd direction of associations between the MIS and
hese markers of MICS were similar in our study
o those reported previously for patients on main-
enance dialysis therapy,41 suggesting that the

IS is a valid tool in kidney transplant recipi-
nts.

To further test the hypothesis that MIS mean-
ngfully reflects both the inflammation and mal-
utrition components of MICS, we used struc-
ural equation modeling to analyze the complex
ssociation network between the different nutri-
ional markers, inflammatory cytokines, and MIS.
his method allows simultaneous modeling of
ultiple layers of independent- and dependent-

ariable constructs. Two different assumptions
ere tested in separate analyses. First, we as-

umed that the MIS represents 1 single latent
ariable. In the second model, 2 latent variables
malnutrition and inflammation) were postu-
ated. The model assuming 2 latent variables
howed better fit to the observed data, suggesting
hat the MIS reflects both the malnutrition and

nflammation factors (Fig S1).
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To our knowledge, this was the first study to
ssess the applicability of the MIS as an instru-
ent to assess MICS in kidney transplant recipi-

nts. Our study is notable for enrolling a large
umber of patients and measuring several cyto-
ines associated with nutritional status and in-
ammation. Use of structural equation modeling
lso allowed us to analyze the complex network
etween these variables and their association
ith MIS, which increases the biological reliabil-

ty of our analysis.
However, several limitations should be consid-

red when interpreting our results. Patients from
single center were enrolled; therefore, our

esults are not to be generalized without further
onsiderations. Patients who were not participat-
ng in the study may have been different from
articipants, which is a potential source of bias.
owever, we believe it is unlikely that this
ould have qualitatively changed our results.
nly white patients participated in this study,
hich may make comparisons with multiethnic
opulations difficult. Finally, we did not have
nformation about various other parameters (such
s percentage of body fat, lean body mass, preva-
ence of functioning vascular access, and pres-
nce of a nonfunctioning transplant) that also
ay be associated with MICS.46,47

In summary, we suggest that the MIS is a
seful tool to assess MICS in kidney transplant
ecipients. The structural equation modeling anal-
sis confirmed that the MIS reflects malnutrition
nd inflammation together in this patient popula-
ion. Use of this scoring system could enhance
utcomes research in kidney transplant recipi-
nts. MIS is an inexpensive and easy-to-use tool
hat can obviate the need for expensive cytokine
easurements to assess MICS in epidemiologic

tudies. Additionally, MIS may be a useful tool
n everyday clinical practice to increase quality
f care. Studies assessing treatment options for
ICS also could use this instrument.
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