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Abstract
Introduction
Protein-energy wasting (PEW) describes a state of decreased protein and energy
fuels and is highly prevalent in hemodialysis patients. As PEW is associated with
mortality, it should be detected accurately and easily. This study investigated which
nutrition-related test predicts mortality and morbidity best in hemodialysis patients.

Methods
Data were used from CONTRAST, a cohort of end-stage kidney disease patients.
Subjective Global Assessment (SGA), Malnutrition Inflammation Score (MIS), Geriatric Nutritional Risk Index (GNRI), composite score of Protein-Energy Nutritional
Status (cPENS), serum albumin, serum creatinine, body mass index (BMI) and normalized Protein Nitrogen Appearance (nPNA) rate were assessed at baseline. End
points were all-cause mortality, cardiovascular events and infection. Discriminative
value of every test was assessed with Harrell’s C statistic and calibration tested
using the Hosmer-Lemeshow Goodness-of-Fit Test. Ultimately, in every test, four
groups were created to compare (1) hazard ratios (HR, worst versus best group),
(2) HR increase per group and (3) HR of worst group versus other groups.

Results
In total, 489 patients were analyzed. Median follow-up was 2.97 (interquartile
range 1.67-4.47) years. MIS, GNRI, albumin and creatinine discriminated all-cause
mortality equally, SGA, cPENS, BMI and nPNA were inferior. cPENS and creatinine
were inadequately calibrated. Of the remaining tests, GNRI predicted mortality
less when comparing HRs. MIS and albumin predicted mortality equally well. In a
subanalysis, these also predicted infection equally well, but MIS predicted cardiovascular events better.

Conclusion
Of the eight investigated nutrition-related tests, MIS and albumin predict mortality
best in hemodialysis patients. As one has no an added value over the other, we
conclude that mortality is most easily predicted in hemodialysis patients by serum
albumin.
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Introduction
Despite continuous improvement in the treatment of hemodialysis (HD) patients,
morbidity and mortality remain unacceptably high.1,2 Protein-energy wasting (PEW)
is highly prevalent3-7 among HD patients and strongly associated with all-cause
mortality8,9 as well as cardiovascular mortality3,10 and morbidity.4 The term PEW was
introduced by the International Society of Renal Nutrition and Metabolism (ISRNM)
in 2008 to describe the state of decreased body stores of protein and energy fuels.
The following diagnostic criteria were proposed: (1) low value of 1 of 3 blood
chemistry parameters (albumin, prealbumin or cholesterol), (2) low or decreasing
body mass, (3) low or decreasing muscle mass and (4) low dietary intake.11 As
patients may benefit from treatment of malnourishment12 by supplementation of
proteins and energy,13,14 it appears important to detect PEW accurately and easily.
Several nutrition-related tests have been proposed to assess nutritional status.
The three-point scaled Subjective Global Assessment (SGA-3)15 scores patients as
A (well nourished), B (moderately malnourished) or C (severely malnourished).
Although this test was validated in HD patients,16,17 its semi-quantitative character
and the fact that it does not adequately detect the degree of malnutrition16 led
to modifications like the seven-point scaled SGA (SGA-7)18,19 and the Malnutrition Inflammation Score (MIS).20-22 Other clinical nutritional scores or parameters
that have been related to mortality in HD patients include the Geriatric Nutritional
Risk Index (GNRI),23-26 the composite score of Protein-Energy Nutritional Status
(cPENS),27,28 serum albumin,17,29-31 normalized Protein Nitrogen Appearance (nPNA)
rate32,33 and Body Mass Index (BMI).34 It is currently unknown which test should
be used to assess PEW most adequately.19,35 Therefore, we investigated which
nutrition-related test or parameter predicts all-cause mortality best in patients with
end-stage kidney disease (ESKD). In a subanalysis, we also investigated which test
predicts cardiovascular events and infections best.

Methods
A prospective cohort study was performed using data from the CONvective TRAnsport STudy (CONTRAST, NCT00205556). Methods are described elsewhere.36,37 In
brief, CONTRAST was a randomized controlled trial evaluating the survival effect of
post-dilution online hemodiafiltration compared to low-flux HD. In total, 714 ESKD
patients were enrolled in 29 facilities in three countries: the Netherlands (n=26),
Canada (n=2) and Norway (n=1). Adult patients (≥18) were eligible if treated for
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>2 months with HD two or three times per week. Exclusion criteria were severe
incompliance to dialysis prescription, treatment with HDF or high-flux HD in the
six months preceding randomization, or a life expectancy ≤3 months due to nonrenal disease. Written informed consent was obtained from all participants prior
to randomization. The study was conducted in accordance with the Declaration of
Helsinki and Good Clinical Practice Guidelines and approved by a central medical
ethics review board.
Patients from the CONTRAST cohort were selected for this analysis if all nutritionrelated tests could be assessed. For this, data at baseline had to be complete
on the following items: SGA-7, answers to questions on stomach problems (‘do
you experience nausea or other gastro-intestinal problems?’) and functional capacity (‘can you do simple tasks in and around the house?’), gender, BMI, dry body
weight, medical history, dialysis vintage, albumin, creatinine, nPNA and total iron
binding capacity (TIBC).

Assessment of nutrition-related tests
SGA-7
In this score, first described as a nutritional tool in 1987 in non-renal hospitalized patients pre-operatively,15 four items were scored 1 (severely abnormal) to
7 (normal): (1) change in dry body weight, (2) dietary intake change and gastrointestinal symptoms, (3) decrease of subcutaneous fat and (4) muscle atrophy.
Patients were subjectively scored 1 (severely malnourished) to 7 (well nourished).
MIS
The MIS, a modified version of the SGA, was developed for maintenance HD patients and contains 10 items: (1) change in weight after dialysis, (2) dietary intake,
(3) gastro-intestinal symptoms, (4) functional capacity, (5) co-morbidity/dialysis
vintage, (6) decreased fat stores or loss of subcutaneous fat, (7) signs of muscle
wasting, (8) BMI, (9) serum albumin and (10) serum TIBC. Each item was scored 0
(normal) to 3 (severely abnormal), resulting in a score between 0 (well nourished)
and 30 (severely malnourished). The SGA-7 items mentioned above (MIS items
1, 2, 6 and 7) were converted to a score of 0-3. GI symptoms (MIS item 3) and
functional capacity (MIS item 4) were assessed on a five-point scaled questionnaire and were also converted to a score between 0 and 3. MIS items 5, 8, 9 and
10 (dialysis vintage/co-morbidity, BMI, serum albumin and serum TIBC) were all
assessed and converted to a score of 0-3 as described previously.20 Conversions of
the subjective scores were independently performed by two investigators (CdRvZ
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and IC), which led to two minor disagreements. Consensus was quickly obtained.
The definitive conversions are shown in table 1.
Table 1. Conversions to Malnutrition Inflammation Scores.

MIS score

SGA

Questions
assessed on a
5-point scale

TIBC
(mg/dL)

BMI
(kg/m2)

Albumin
(g/dL)

Dialysis
vintage*
(years)

0

7

1

≥ 250

≥ 20.00

≥ 4.00

≤ 1.00

1

5-6

2

200-249.99

18-19.99

3.50-3.99

1.01-4.00

2

3-4

3-4

150-199.99

16-17.99

3.01-3.49

≥ 4.00

3

1-2

5

< 150

≤ 15.99

≤ 3.00

2.1

* Score +1 if patient has a history of a cardiovascular event
Abbreviations: MIS = Malnutrition Inflammation Score; SGA = Subjective Global Assessment; TIBC
= Total Iron Binding Capacity; BMI = Body Mass Index

GNRI
The continuous GNRI score is calculated using the equation described by Bouillanne et al and was validated in 181 and 2474 hospitalized, elderly patients:26 GNRI
= (1.489 * albumin [g/L]) + (41.7 * [body weight/ideal body weight]), in which
the fraction [body weight/ideal body weight] was set to 1 if ideal weight exceeded
body weight. Ideal body weight was calculated using the Lorentz formula.26
cPENS
This score, designed in a subset of patients from the CONTRAST cohort, consisting
of the first 560 included patients, contains four items, based on the proposed
diagnostic criteria for PEW: (1) BMI (1.0 point if ≥23 kg/m2), (2) nPNA (1.5 points
if ≥0.80 g/kg/d), (3) serum creatinine (2.0 points if ≥10.00 mg/dL) and (4) serum
albumin (2.5 points if ≥3.80 g/dL). Adding the points results in a score from 0
(severely malnourished) to 7 (well nourished).27
Creatinine
Creatinine was determined in serum by local hospitals using standard techniques.
Blood was drawn prior to dialysis.
Albumin
Serum albumin was measured in the local hospitals using blood drawn prior to
dialysis with either the bromcresol green or the bromcresol purple method. Bromcresol purple concentrations were converted to bromcresol green concentrations
with the formula: bromcresol green = bromcresol purple + 5.5 (g/L).38
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BMI
BMI (kg/m2) was calculated using dry body weight.
nPNA
Samples for determining urea were drawn before and after dialysis. nPNA (g/kg/d)
was calculated and adjusted for residual kidney urea clearance as described by
Depner.39
The various components of the different nutrition-related tests and their final
scores are summarized in supplementary table 1.

Follow-up
Survival time was calculated as the number of days between randomization and
death due to any cause or end of the study. No patients were lost to follow-up as
patients who, for example, received renal transplantation, switched to peritoneal
dialysis or moved to a non-participating center were still followed for mortality. An
independent Endpoint Adjudication Committee reviewed source documentation for
all deaths, cardiovascular events and infections.

Statistical analysis
Patients in whom all tests were available, were eligible for analysis. All-cause
mortality was used as primary end point. As right-censored time-to-event data is
analyzed, Harrell’s C statistic was calculated for every test to assess discrimination.40
95% Confidence intervals (CIs) of Harrell’s C statistic were compared to determine
the best test. When the upper bound of the 95% CI of a C statistic is beneath the
lower bound of the 95% CI of another C statistic, the first is considered to have
inferior discriminative value. The Hosmer-Lemeshow Goodness-of-Fit Test (HL-test)
was used to test calibration.41 It examines if the model fits the data by determining
whether the expected event rate matches the observed event rate. A p≤0.1 was
considered as a significant difference between these rates, indicating an inadequate
fit. For the logistic model (the HL-test) and for Harrell’s C statistic, continuous values
could be used, i.e. the different ranges of the tests posed no problem.
In survival data, hazard ratios (HR) are relevant. In order to compare the various
HRs, all scores were categorized into four groups of increasing severity. The following example is a nice illustration of the necessity of this approach: a decrease
of one point in SGA-7 (an ordinal seven-point scaled score) may influence survival
more than a decrease of one point in BMI (a continuous score with normal values
between 20-25). Due to the limited range of some tests, the four groups differed
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Table 2. Baseline patient characteristics.
Entire cohort
(n=714)

Investigated
patients (n=489)

64.1 (13.7)
445 (62.3%)
25.4 (4.8)

63.3 (13.8)
296 (60.5%)
25.4 (4.9)

597 (83.6%)
102 (14.2%)
15 (2.1%)

420 (85.9%)
65 (13.3%)
4 (0.8%)

Medical history
Diabetes (yes)
History of renal transplantation (yes)
History of cardiovascular event (yes)
	Mean predialysis systolic blood pressure (mmHg)
Residual kidney function* (yes)

170 (23.8%)
78 (10.9%)
313 (43.8%)
148 (22)
376 (52.7%)

118 (24.1%)
63 (12.9%)
213 (43.6%)
146 (21)
255 (52.1%)

Laboratory values
Hemoglobin (g/dL)
Phosphorus (mg/dL)
Albumin# (g/dL)
Cholesterol (mg/dL)
Creatinine (mg/dL)

11.8 (1.3)
5.08 (1.53)
4.04 (0.38)
142.0 (37.0)
9.74 (2.89)

11.9 (1.2)
5.08 (1.49)
4.04 (0.38)
142.9 (36.8)
9.76 (2.86)

Medication
Beta-blocker (yes)
Calcium antagonist (yes)
ACE inhibitor or ATII antagonist (yes)
Statin (yes)
Platelet aggregation inhibitor (yes)

381
230
351
369
240

264
160
244
254
166

Determinant

Demographic characteristics
Age (years)
Gender (male)
BMI (kg/m2)
Region
		 Netherlands
		 Canada
		 Norway

Dialysis characteristics
Dialysis vintage (years)
Set treatment time (hours)
Blood flow (mL/min)
Number of treatments/week
		 2
		 3
		 4
spKt/Vurea
Assigned to HDF treatment

(53.4%)
(32.2%)
(49.2%)
(51.7%)
(33.6%)

2.1

(54.0%)
(32.7%)
(49.9%)
(51.9%)
(33.9%)

2.00 (1.00-4.00)
3.78 (0.38)
301 (40)

2.00 (1.00-4.00)
3.78 (0.38)
300 (41)

44 (6.2%)
668 (93.6%)
2 (0.3%)
1.40 (0.22)
358 (50.1%)

30 (6.1%)
459 (93.9%)
0 (0.0%)
1.39 (0.21)
251 (51.3%)

Characteristics are shown as mean (sd), median (IQR) or number (%), when appropriate
* Defined as diuresis ≥ 100 mL/24h
#
Bromcresol green values
Abbreviations: SD = standard deviation; IQR = interquartile range; BMI = Body Mass Index; ACE =
angiotensin converting enzyme; AT = angiotensin

somewhat in size. The numbers of patients at risk in each group are shown in
figures 1-3.
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Figure 1. Unadjusted survival curves for serum albumin stratified by four categories varying from
best group (CAT 1) to worst group (CAT 4).

Cox proportional hazards models were used to calculate the HR of the worst (4th)
group versus the best (1st) group, the increase in HR per group (i.e. HR of group
2 versus group 1 and so forth) and the HR of the worst group versus the other
groups combined. A p≤0.05 was considered statistically significant. A HR exceeding
the upper bound of the CI of another test indicated better predictive value for the
first. All statistical analyses were performed using IBM SPSS Statistics version 20.0
(SPSS Inc, Chicago, IL, USA) or RStudio version 0.98.932 (Rstudio, Boston, MA,
USA).
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Figure 2. Unadjusted survival curves for MIS stratified by four categories varying from best group
(CAT 1) to worst group (CAT 4).

Subanalysis
In a subanalysis, it was investigated which of these eight nutrition-related tests
best predicts the occurrence of a cardiovascular event (fatal or non-fatal) and which
test best predicts the occurrence of an infection (fatal or non-fatal). The statistical
approach was identical to the one described above, starting with determining the
discriminative value of the tests using Harrell’s C statistic, subsequently testing
calibration with the Hosmer-Lemeshow Goodness-of-Fit test and finally exploring
the predictive value using Cox proportional hazards models.
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Figure 3. Unadjusted survival curves for GNRI stratified by four categories varying from best group
(CAT 1) to worst group (CAT 4).

Results
Baseline characteristics of the entire cohort (n=714) and 489 analyzed patients
are shown in table 2. Investigated patients did not differ from the whole cohort.
Most unanalyzed patients had missing values of nPNA (n=120) or a MIS item
(n=125). Mean age was 63.3 years and 60.5% of patients were male. Patients
were adequately dialyzed with a mean spKt/V of 1.39.

All-cause mortality discrimination and calibration
In all tests but one (MIS), higher scores indicate higher probability of survival.
Harrell’s C statistics and the HL-test p-values of the eight tests are shown in table
3. While seven tests yielded a significant discriminative value (p<0.001) regarding
mortality, BMI did not. Of the seven discriminative tests, C statistics varied between
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Table 3. Results of Harrell’s C statistic and Hosmer-Lemeshow Goodness-of-Fit Test (end point
mortality).
Nutritional test

Harrell’s C statistic (95% CI)

p Harrell’s C statistic

p Hosmer-Lemeshow
Goodness- of-Fit Test

SGA

0.61 (0.59-0.63)

<0.001

0.42

MIS

0.68 (0.66-0.70)

<0.001

0.65

GNRI

0.64 (0.62-0.66)

<0.001

0.73

cPENS

0.63 (0.61-0.66)

<0.001

0.002

Albumin

0.64 (0.62-0.66)

<0.001

0.95

Creatinine

0.65 (0.63-0.67)

<0.001

0.007

BMI

0.50 (0.48-0.53)

0.90

0.07

nPNA

0.56 (0.54-0.58)

0.01

0.41

2.1

Abbreviations: CI = Confidence Interval; SGA = Subjective Global Assessment; MIS = Malnutrition
Inflammation Score; GNRI = Geriatric Nutritional Risk Index; cPENS = composite score of ProteinEnergy Nutritional Status; BMI = Body Mass Index; nPNA = normalized Protein Nitrogen Appearance

0.56 and 0.68. As the lower bound of the 95% CI of the C statistic of MIS (0.66)
exceeded the upper bound of the CI of the C statistics of SGA (0.63), cPENS (0.66)
and nPNA (0.58), these tests have an inferior discriminative value for all-cause
mortality when compared to MIS. The remaining four tests demonstrated equal
discriminative power. With respect to creatinine however, the HL-test showed a
significant difference between observed and expected event rates, which indicates
that this test has an inadequate fit and is hence inferior to the remaining three
tests (MIS, GNRI and albumin).

Comparing groups - mortality
Kaplan-Meier curves for mortality of the four groups of albumin, MIS and GNRI
are shown in figures 1-3. Median follow-up was 2.97 years (interquartile range
1.67-4.47 years). 183 Patients died during follow-up. First, the HR per group was
evaluated. As can be seen in table 4, a change between two subsequent groups
resulted in a HR of 1.56 for MIS. In GNRI and albumin, HRs per group were 1.35
and 1.44, respectively. As the HR of MIS (1.56) exceeded the upper limit of the CI
of the HR of GNRI (1.55), MIS appears a better predictor of mortality than GNRI.
HRs of MIS and albumin did not differ.
Second, the HR of the worst (4th) group versus the best (1st) group was calculated.
This was 3.75 for MIS, 2.76 for albumin and 2.35 for GNRI. Again, the HR of
MIS exceeded the upper limit of CI of GNRI, which indicates a better predictive
value regarding mortality for MIS compared to GNRI. No difference was observed
between MIS and albumin.
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Finally, the difference in HR of the worst (4th) group versus the other groups combined was investigated. HRs were 2.25, 1.90 and 1.77 for MIS, albumin and GNRI,
respectively. No difference between any tests was found.

Subanalysis
None of the six tests which had an inferior predictive value regarding mortality
predicted either cardiovascular events or infections better compared to MIS or
albumin (data not shown).
Results of the sub-analyses for MIS and albumin are shown in supplementary tables
2 and 3. MIS and albumin predicted infection equally well (median follow-up 2.14
(interquartile range 1.19-3.24 years; number of events = 169). The Cox regression
models showed no difference between these tests either as the HRs of MIS and
albumin are within the HR CIs of each other in every comparison.
MIS appeared to be the only test able to have discriminative value for fatal and
non-fatal cardiovascular events (median follow-up 2.37 (interquartile range 1.193.98) years, no. of events = 154, p Harrell’s C statistic = 0.03). Calibration appeared
adequate. Moreover, in the Cox regression models, the HRs of the MIS showed a
predictive value for this test. Albumin had no predictive value regarding this end point.
Table 4. Results of Cox proportional hazard models (end point mortality).
Test

Status 4th
group

Increase HR per
group (95% CI)

HR 4th group versus
1st group (95% CI)

HR 4th group versus other
groups combined (95% CI)

MIS

Highest

1.56 (1.35-1.79)

3.75 (2.30-6.12)

2.25 (1.68-3.02)

GNRI

Lowest

1.35 (1.19-1.55)

2.35 (1.54-3.59)

1.77 (1.30-2.43)

Albumin

Lowest

1.44 (1.25-1.65)

2.76 (1.75-4.36)

1.90 (1.41-2.56)

Abbreviations: HR = Hazard Ratio; CI = Confidence Interval; MIS = Malnutrition Inflammation Score;
GNRI = Geriatric Nutritional Risk Index

Discussion
The present study compared eight different nutrition-related tests in a large ESKD
cohort to investigate which assessment best predicts all-cause mortality. Out of
these tests, six should not be used (SGA, BMI, nPNA, cPENS, serum creatinine and
GNRI) due to inadequate discrimination, calibration or a lower predictive value for
mortality compared to serum albumin and MIS, which predicted mortality equally
well. In a subanalysis, these two tests also appeared to predict infection equally
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well, but MIS predicted cardiovascular events better. To the best of our knowledge,
this is the first study evaluating these eight well described nutrition-related tests in
a large ESKD cohort with multiple end points.
A limited number of studies compared the predictive value for mortality of multiple
nutrition-related tests in ESKD patients. In a small American study (n=83), serum
albumin, serum creatinine, SGA-3 and the MIS were compared over a 12 month
period. Based on a relative risk (RR) for death of 10.43 for every 10-unit increase
in MIS compared to a RR of 3.90 for death for every one-unit increase in SGA-3,
it was concluded that MIS may have some added value over SGA-3. However, the
low number of deaths (n=9) led to very wide CIs and hence, inconclusive results.
In this study, albumin also appeared to be an important predictor of mortality
(RR 7.21 for every 1 g/dL decrease [95% CI 2.47-20.99]), whereas creatinine did
not.20 More recently, 378 American HD patients were investigated over 12 months
of follow-up. MIS, albumin, creatinine and nPNA were used as nutrition-related
tests and subdivided into four groups of increasing severity. From this study it appeared that MIS and albumin predicted mortality equally well, whereas creatinine
and nPNA did not. Again, the small number of events (n=39) resulted in wide
CIs and hence low reliability.21 Lately, a European study with a follow-up of three
years, encompassing 90 HD patients, investigated SGA-3, MIS, BMI and albumin.
From this study it appeared that albumin, SGA-3 and MIS predicted mortality when
categorized, whereas BMI did not. However, the small number of events (n=36) in
combination with the categorization of tests makes it hard to interpret the results
adequately.42 Finally, a small (n=75), longitudinal study compared GNRI to MIS.
As GNRI did not predict mortality while MIS did, the latter score system was preferred.23 Of note, in a previous study on 560 patients from the CONTRAST cohort,
neither cPENS nor SGA-7 predicted mortality better than its individual components
creatinine and albumin. This study was performed while CONTRAST was ongoing
with 105 deaths and a mean follow-up of 1.4 years.27
Literature comparing nutrition-related tests with regard to morbidity is scarce. The
few available studies include the two American studies described above comparing
SGA, MIS, albumin and creatinine for mortality and hospitalisation rate.20,21 MIS
and albumin predicted hospitalisation equally in one study, but MIS predicted hospitalisation better in the other. Another study investigated the predictive value of
albumin, nPNA and BMI in 37 South-African patients for hospitalisation and found
no predictive value for nPNA and some predictive value for BMI and albumin.4
Studies comparing nutrition-related tests with cardiovascular events or infections
as end points were not found.
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Thus, in agreement with existing literature, we found that SGA, GNRI, MIS and
albumin predict mortality.21,23 In our study, MIS was preferred over both SGA and
GNRI, the first being inferior due to a lower discriminative value for mortality and
the latter having inferior predictive value for mortality when comparing HRs. As
discrimination was not tested in previous studies,20 this may explain why SGA was
considered a predictor in these investigations. Our analysis showed a predictive
value for cPENS as previously described,27 but we found an inadequate fit, which
was not tested before. MIS and albumin predicted mortality equally.
The present analysis adds evidence to the question which nutritional test best predicts all-cause mortality and is the first to investigate these eight tests in parallel. The
primary interest of the present paper is to compare the investigated nutrition-related
tests. Obviously, all-cause mortality can only partially be explained by PEW and is
influenced by a large number of other factors as well, such as age, sex and dialysis
vintage. However, as in all investigated subjects every investigated nutrition-related
test was available, patient characteristics are equal between the tests, ensuring an
adequate comparison. Other strengths of our study are the magnitude of the cohort
(n=489), the large number of deaths (n=183) and the long period of follow-up for
mortality (median 2.97 years, interquartile range 1.67-4.47 years). Moreover, this
study is the first to approach this question with tests for discrimination, calibration
and Cox regression, to compare nutrition-related tests in various ways and hence,
as adequately as possible. Finally, the use of cardiovascular events and infections
as end points in a sub-analysis has, to the best of our knowledge, never been performed before. The number of events and duration of follow-up (154 cardiovascular
events, median follow-up 2.37 years; 169 infections, median follow-up 2.14 years)
was sufficient to compare the tests using these end points adequately as well.
Our study has some limitations. First, MIS was not prospectively collected and was
calculated by converting parts of the baseline case report form. We met with this
objection by converting all subjective items twice, by two independent investigators. Second, in every test, four groups were created. Given the limited range of
some of these tests, it was not possible to create four exactly equal sized groups in
every test. Although the groups were sized as equal as possible, this small imbalance may have influenced the results. Third, no anthropometric measurements
were available besides weight and BMI. As such measurements can also indicate
nutritional status, our analysis would have been even stronger if, for example, hand
grip strength was included. Finally, the external validity of the present findings
depends on the representativeness of the investigated cohort on the HD population
worldwide. In this respect, it should be noted that the prevalence of diabetes
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mellitus in our cohort is comparable to other European countries and Japan, but
is lower than that in the United States.43 Furthermore, the post-transplantation
prevalence differs between countries as well. To extrapolate the results of the
present analysis to other populations, the results should be confirmed in various
cohorts across the globe.
A major issue in determining PEW is the lack of a gold standard.44 Although many
nutrition-related parameters and tools have been investigated, it is still not clear
which test should be used. Many studies examined tests by investigating how well
these predict either morbidity and/or mortality. Since the relevance of PEW mainly
seems the risk of a bad outcome and various markers of PEW showed an independent association with mortality,8 all-cause mortality was primarily used as end point
and the end points cardiovascular events and infection occurrence as secondary
end points. We realize that neither all-cause mortality, nor cardiovascular events
nor infection occurrence perfectly reflects PEW and therefore, this study also does
not provide the definitive answer on how to detect PEW best.
A nutritional test should be quick, easy, cheap, have a good intra- and interobserver
reproducibility, an adequate fit and sufficient discrimination. As MIS and albumin
predicted mortality equally well, mortality seems to be most easily predicted by
albumin. Subanalysis revealed a better predictive value for cardiovascular events
for MIS compared to albumin, but this can possibly be explained by the fact that
MIS includes the medical history of a cardiovascular event and dialysis vintage.
Furthermore, the single parameter serum albumin is far more easy compared to
the composite 10-item score MIS, which includes albumin. The added value of
MIS over albumin, solely based on a better predictive value for the secondary end
point cardiovascular events, seems therefore premature and requires additional
research. However, as many factors may contribute to hypoalbuminemia10,31,45
and PEW encompasses a broad spectrum of abnormalities,12,43,44 measurement of
multiple parameters may help to assess the nutritional state.
Our findings should be confirmed in other studies. Future research could investigate tests longitudinally to examine whether the absolute score or the course of
the score is more relevant. Furthermore, it could be interesting to investigate the
value of tests regarding other end points, such as quality of life or cause-specific
death. Finally, it is interesting to investigate whether intervention improves results
of the mentioned tests, therefore decreasing the degree of PEW and possibly improving clinical outcome. Combined with the present analysis, these studies could
demonstrate which nutrition-related test should be used in clinical practice.
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Supplementary tables
Supplementary table 1. Components of the various nutrition-related tests.
Test

Items

Score

SGA-7

• Change in post-dialysis weight (past 3-6 months)
• Dietary intake/gastro-intestinal symptoms
• Decrease of subcutaneous fat
• Signs of muscle atrophy

0-7
(higher is better)

MIS

•
•
•
•
•
•
•
•
•
•

0-30
(lower is better)

GNRI

• Serum albumin
• Body weight
• Ideal body weight

Continuous
(higher is better)

cPENS

•
•
•
•

0-7
(higher is better)

Albumin

• Individual serum marker (pre-dialysis)

Continuous
(higher is better)

Creatinine

• Individual serum marker (pre-dialysis)

Continuous
(higher is better)

BMI

• Post-dialysis body weight
• Height

Continuous
(higher is better)

nPNA

• Two times BUN (pre- & post-dialysis)

Continuous
(higher is better)

Change in post-dialysis weight (past 3-6 months)
Dietary intake
Gastro-intestinal symptoms
Decreased fat stores/loss of subcutaneous fat
Signs of muscle wasting
Functional capacity
Co-morbidity/dialysis vintage
Serum albumin
BMI
Serum TIBC

Serum albumin
Serum creatinine
BMI
nPNA

Abbreviations: SGA-7 = 7-point scaled Subjective Global Assessment; MIS = Malnutrition Inflammation Score; GNRI = Geriatric Nutritional Risk Index; cPENS = composite score on Protein-Energy
Nutritional Status; BMI = Body Mass Index; nPNA = normalized Protein Nitrogen Appearance; TIBC
= Total Iron Binding Capacity; BUN = Blood Urea Nitrogen
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Supplementary table 2. Results of Harrell’s C statistics and Hosmer-Lemeshow Goodness-of-Fit
Test (end points cardiovascular events and occurrence of infection).
End point;
nutrition-related test

Harrell’s C statistic (95% CI)

p Hosmer-Lemeshow
p Harrell’s C statistic Goodness- of-Fit Test

End point: CVE
MIS
Albumin

56.0 (51.0-61.3)
51.6 (46.1-57.0)

0.03
0.58

0.17
0.66

End point: infection
MIS
Albumin

60.1 (54.9-65.2)
55.7 (50.3-61.2)

<0.001
0.04

0.50
0.18

2.1

Abbreviations: CI = Confidence Interval; CVE = cardiovascular event; MIS = Malnutrition Inflammation Score

Supplementary table 3. Results of Cox proportional hazards models (end points cardiovascular
events and occurrence of infection).

Test

Status 4th
group

Increase HR per
group (95% CI)

HR 4th group
versus 1st group
(95% CI)

HR 4th group versus
other groups
combined (95% CI)

End point: CVE
MIS
Albumin

Highest
Lowest

1.29 (1.11-1.48)
1.14 (0.81-1.62)

2.47 (1.48-4.13)
1.36 (0.86-2.15)

1.45 (1.04-2.02)
1.10 (0.96-1.27)

End point: infection
MIS
Albumin

Highest
Lowest

1.43 (1.24-1.65)
1.30 (1.13-1.51)

3.12 (1.91-5.10)
2.10 (1.37-3.22)

2.10 (1.54-2.87)
2.18 (1.58-3.00)

Abbreviations: HR = Hazard Ratio; CI = Confidence Interval; CVE = cardiovascular event; MIS =
Malnutrition Inflammation Score
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